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APPENDIX 1 

CLEAN DETAILED STUDY PROPOSALS 
 
This appendix includes clean (i.e., no redlines) versions of YCWA’s 42 detailed study proposals 
organized by resources area.  Table App 1 below provides a list of the study proposals. 
  
Table App 1.  List of clean study proposals included in Appendix 1. 

Study Number Study Name 
GEOLOGY AND SOILS 

1.1 Channel Morphology Upstream of Englebright Reservoir 
1.2 Channel Morphology Downstream of Englebright Dam 

WATER RESOURCES 
2.1 Hydrologic Alteration 
2.2 Water Balance/Operations Model 
2.3 Water Quality 
2.4 Bioaccumulation 
2.5 Water Temperature Monitoring 
2.6 Water Temperature Model 

AQUATIC RESOURCES 
3.1 Aquatic  Macroinvertebrates Upstream of Englebright Reservoir 
3.2 Aquatic  Macroinvertebrates Downstream of Englebright Dam 
3.3 Special-Status Aquatic Mollusks 
3.4 Special-Status Amphibians – Foothill Yellow-Legged Frog Surveys 
3.5 Special-Status Amphibians – Foothill Yellow-Legged Frog Habitat Modeling 
3.6 Special-Status Turtles – Western Pond Turtle 
3.7 Reservoir Fish Populations 
3.8 Stream Fish Populations Upstream of Englebright Reservoir 
3.9 Stream Fish Populations Downstream of Englebright Dam 
3.10 Fish Instream Flow Upstream of Englebright Reservoir 
3.11 Fish Entrainment 

WILDLIFE RESOURCES 
4.1 Special-Status Wildlife – California Wildlife Habitat Relationships 
4.2 Special-Status Wildlife – Bats 

BOTANICAL RESOURCES 
5.1 Special-Status Plants 

WETLAND, RIPARIAN AND LITTORAL HABITATS 
6.1 Riparian Habitat Upstream of Englebright Reservoir 
6.2 Riparian Habitat Downstream of Englebright Dam 
6.3 Wetlands 

THREATENED, ENDANGERED AND FULLY PROTECTED SPECIES 
7.1 ESA-Listed Plants 
7.2  Narrows 2 Powerhouse Intake 
7.3 ESA-Listed Amphibians – California Red-Legged Frog 
7.4 ESA-Listed Wildlife – Valley Elderberry Longhorn Beetle 
7.5 CESA-Listed Plants 
7.6 CESA-Listed and Fully Protected Wildlife – California Wildlife Habitat Relationships 
7.7 CESA-Listed and Fully Protected Wildlife – Bald Eagle 
7.8 ESA/CESA-Listed Salmonids Downstream of Englebright Dam 
7.9 North American Green Sturgeon Downstream of Englebright Dam 
7.10 Instream Flow Downstream of Englebright Dam 
7.11 Assessment of Narrows 2 Powerhouse as a Barrier to Anadromous Fish Upstream Migration 

RECREATIONAL RESOURCES 
8.1 Recreation Use and Visitor Surveys 
8.2 Recreational Flow 

LAND USE 
9.1 Primary Project Roads and Trails 

AESTHETIC RESOURCES 
10.1 Visual Quality 
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Table App 1.  (continued) 
Study Number Study Name 

CULTURAL RESOURCES 
12.1 Historic Properties 

TRIBAL RESOURCES 
13.1 Native American Traditional Cultural Properties 
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Study 1.1 

CHANNEL MORPHOLOGY 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
channel morphology and fluvial processes, which could affect channel morphology upstream of 
the United States Army Corps of Engineer’s (USACE) Englebright Dam.1 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
YCWA believes that five agencies have jurisdiction over channel morphology and the resources 
that could be potentially affected in the geographic area covered in this study proposal:  1) the 
United States Department of Agriculture, Forest Service (Forest Service) on National Forest 
System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) United States Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service (NMFS); 4) California Department of Fish 
and Game (CDFG); 5) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS jurisdiction is described by NMFS in its March 7, 2011 letter to FERC providing 
NMFS’s comments on YCWA’s PAD, specifically in Enclosure G – Resource Management 

                                                 
1  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

Channel Morphology Above Englebright Revised Study Plan August 2011 
Page 2 of 21 ©2011, Yuba County Water Agency 

Goals and Objectives, as well as NMFS’ Request for Information or Study #4, Effects of the 
Project and Related Facilities on Coarse Substrate for Anadromous Fish:  Sediment Supply, 
Transport and Storage, specifically see page 16, section 5.9 (b): 2.0 Resource Management Goals 
of NMFS.  NMFS’s jurisdiction and management goals are not repeated here.   
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to quantify or characterize river form, process and interaction with the 
riparian zone in reaches upstream of the normal maximum water surface elevation of Englebright 
Reservoir potentially affected by continued operations of the Project. 
 
The objectives of the study are to collect information necessary to meet the study goal.  
Specifically, the study objectives include: 1) develop a quantitative and qualitative understanding 
of Project effects on substrate mobility, sediment supply, in-channel storage, sediment transport, 
particle size distribution, spill channel flow effects on channel morphology and erosion, 
mainstem Yuba River scour and/or deposition from New Colgate Powerhouse releases, and 
floodplain connectivity at multiple scales. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Considerable information has been obtained or developed by YCWA and is provided in 
YCWA’s Yuba River Development Project relicensing Preliminary Information Package 
(YCWA 2009).  The information includes but is not limited to: 
 
 Topographic and hydrographic information of the Project-affected reaches (Preliminary 

Information Package, Section 3.0 General Description of River Basin and Appendix D - 
Project Maps)  

 Hydrologic information, modeling and statistics for Project-affected reaches (Preliminary 
Information Package, Section 7.2 Water Resources and Appendix F - Hydrology) 
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 Operations procedures for Project facilities (Preliminary Information Package, Section 6.0 
Project Location Facilities and Operations) 

 Low altitude aerial video of all Project-affected reaches and facilities (Preliminary 
Information Package, Appendix E - Project Helicopter Video) 

 Existing information regarding sediment yields (Preliminary Information Package, Section 
7.1.5.1 Geology and Soils) 

 Preliminary classification of Project reach types conducted by YCWA in 2009 (Preliminary 
Information Package, Section 7.1.7.2 Geology and Soils) 

 Sediment management and volumes removed from Our House Diversion Dam (Preliminary 
Information Package, Section 7.7.1.2. Geology and Soils) 

 
Information not included with the Preliminary Information Package, but that is available as 
Attachment 3.10A to YCWA’s Instream Flow Above Englebright Study Proposal (Study 3.10) is 
a Habitat Mapping Report of the Yuba River Development Project done by YCWA in 2009.  
This report includes channel and habitat descriptions of ground-mapped and video mapped 
Project-affected streams; substrate, bank material, large woody debris (LWD) counts, estimated 
quantity of salmonid spawning sized gravel, potential natural barriers to upstream fish 
movement, notes regarding access, and photographs.    
 
To achieve the study goals, additional information is needed, which includes: 
 
 Review of current and historic aerial photographs 

 Field measurement of cross-section profiles 

 Frequency of critical flows under regulated and unimpaired conditions 

 Calibration of sediment transport model using tracer rocks 

 Quantification of coarse sediment storage at intensive study sites and at selected accessible 
locations in the Middle Yuba and Oregon Creek 

 Field measurement of longitudinal profile 

 Mapping and classification of textural facies 

 Distribution and size of channel morphological features such as bedrock outcrops, boulders, 
gravel accumulations, and floodplains  

 Assessment of condition of riparian zone and distribution of riparian vegetation (e.g., bars, 
alluvial fans) 

 Spill channel flow and erosion 

 Tributary bedload input 

 Sediment supply estimates using available data 

 Areal extent of bedload deposit upstream of New Bullards Bar Reservoir mean maximum 
elevation in Slate Creek, and description of geometry and substrate in Slate Creek 
immediately upstream of influence 
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 Areal extent of bedload deposit upstream of Our House Diversion Dam in the Middle Yuba 
upstream of Our House Diversion Dam, and description of geometry and substrate in the 
Middle Yuba River immediately upstream of influence 

 Areal extent of bedload deposit upstream of Log Cabin Diversion Dam in Oregon Creek 
upstream of Log Cabin Diversion Dam, and description of the geometry and substrate in 
Oregon Creek immediately upstream of influence 

 

5.0 Study Methods and Analysis 
 
The study includes collecting data to develop a quantitative and qualitative understanding of the 
effects of regulation on the interactions of hydrology, channel morphology, and the riparian 
environment in stream reaches upstream of the Englebright Reservoir potentially affected by the 
Project. 
 
5.1 Study Area 
 
The study area includes: 1) the Middle Yuba River from Our House Diversion Dam to the 
confluence with the North Yuba River; 2) Oregon Creek from the Log Cabin Diversion Dam to 
the confluence with the Middle Yuba River; 3) the North Yuba River from New Bullards Bar 
Dam to the confluence with the Middle Yuba River; 4) the portion of the Yuba River from the 
confluence of the North and Middle Yuba rivers downstream to the normal maximum water 
surface elevation of Englebright Reservoir; and 5) the portion of the Middle Yuba, Oregon 
Creek, and Slate Creek affected by base-level control exerted by either the diversion dam (Our 
House, Log Cabin) or reservoir water level (New Bullards Bar Reservoir).   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
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Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions 

 Licensee’s performance of the study does not presume that Licensee agrees to, or is 
responsible in whole or in part for measures that may be proposed arising from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software.  The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Study Methods 
 
The study will be performed in six steps: 1) select study sites; 2) field measurements; 3) assess 
sediment mobility; 4) QA/QC data; 5) analyze data; and 6) prepare report.  Each step is 
described below.  
 
5.3.1 Step 1 - Select Study Sites 
 
YCWA will co-locate study sites to the extent possible with the YCWA’s Study 3.9 Instream 
Flow Above Englebright Reservoir and Study 6.1 Riparian Habitat Above Englebright 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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Reservoir.  Instream Flow study sites (transect or transect cluster locations as part of the 
PHABSIM [“Physical Habitat Simulation”] aspect of the Instream Flow study) are selected 
within a reach to represent the range of channel and habitat types in the reach (Bovee 1982).  The 
characteristic feature of a PHABSIM study reach is homogeneity of the channel structure and 
flow regime.  The sites chosen for this study will represent those sites most likely to exhibit 
effects of Project features and operations on channel morphology and habitat features.  YCWA 
will consult with Relicensing Participants on study site selection.  Specifically, YCWA  will send 
an e-mail notice to Relicensing Participants as early as possible but no less than 2 weeks in 
advance regarding an office meeting to select potential study sites.  During the meeting, maps, 
the aerial video (HDR 2009a) and the habitat mapping data (HDR 2009b) will be reviewed and 
potential sites for study will be selected. 
 
Based on historic and habitat mapping information, in the Middle and North Yuba rivers and in 
the Yuba River upstream of Englebright Reservoir, channel characteristics are primarily 
controlled by bedrock and boulders, rather than fluvial processes.  In other words, these channels 
are not usually “self-formed” and boulders and bedrock control lateral and vertical stability.  
Bedrock channels are generally insensitive to short-term changes in sediment supply or 
discharge.  Only a persistent decrease in discharge and/or an increase in sediment supply 
sufficient to convert the channel to an alluvial morphology would significantly alter bedrock 
channels (Montgomery and Buffington 1993).  However, there may be localized changes to 
morphology and substrate distribution that may affect aquatic ecology. 
 
Characteristics of the areas where channel morphology sites will be placed are gradients less than 
2 percent, accumulations of gravel and finer material in channel and on margins, and floodplain 
and/or terrace development.  There are bedload deposits upstream of Log Cabin Diversion Dam, 
Our House Diversion Dam, and New Bullards Bar Reservoir mean high water level in Slate 
Creek due to base control by these diversions/water levels.  To evaluate the extent of the 
deposits, sites will be established in Oregon Creek, Middle Yuba, and Slate Creek immediately 
upstream of these controls.  Based on habitat mapping information, the study could consider 10 
possible study-site locations (Table 5.3-1). 
 
Table 5.3-1.  Potential location and character of reaches within which to locate channel morphology 
study sites. 

Stream Potential Location Character 

Middle Yuba River 

Below Oregon Creek in the vicinity of 
Freemans Crossing 

Moderately and unconfined channel, ~1% gradient, alluvial and 
depositional. 

Above Oregon Creek  
Steeper (>1% gradient), confined, more transport-dominated than 
below Oregon Creek, though some lateral cobble/gravel bar 
development. 

Below Our House Dam 
Steeper (>1% gradient), confined, more transport-dominated bedrock 
control channel 

Above Our-House Dam, within influence 
of base level control effected by Our 
House Diversion1 

Low gradient (1.7% map gradient), depositional. 

Oregon Creek 

Vicinity of Celestial Valley 
Confined 1.6% gradient, planar bedform, gravel-sized material in 
channel and on margins. 

Above Log Cabin Dam within influence 
of base level control affected by Log 
Cabin Diversion.1 

Confined ~1.8% map gradient. 
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Table 5.3-1.  (continued) 
Stream Potential Location Character 

North Yuba River Below New Bullards Bar Dam.  

Reach has very little accessibility due to vertical cliffs, and 
dominance of bedrock and boulders within channel.  Large, immobile 
substrate, lateral and vertical controls by bedrock limit 
responsiveness to changes in inputs of sediment and to changes in 
hydrology. 

Slate Creek 
Within mean high water influence of New 
Bullards Bar1 

Confined, 2.4% map gradient. 

Yuba River Above New Colgate Powerhouse 

Confined; map gradient of less than 1% but habitat mapping data 
shows numerous high gradient riffles of up to 11% gradient separated 
by long, deep mid-channel pools and short low-gradient riffles with 
substrate dominated by boulders and bedrock. 

Yuba River Below New Colgate Powerhouse 
Confined, less than 1%, cobble and boulder-dominated bed with very 
deep pools immediately below the Powerhouse, but increasing 
alluvial deposition moving downstream. 

1 Sites will be located to evaluate the effects of base-level control of the Project on bedload deposition; the level of analysis is limited to physical 
extent of bedload deposition and a “snapshot” of the channel just upstream of the influence that will include some limited measurements. 

 
 
One study site could potentially be selected in each location and, to the extent possible, each 
channel morphology study site may be co-located with PHABSIM study sites.  If it makes sense 
to co-locate a channel morphology cross section with a PHABSIM transect, it will be done.  
Study sites will be selected to mimic as closely as possible the gradient, width, and vegetation 
reach characteristics within the Project area.  YCWA will invite interested and available 
Relicensing Participants into the field to comment on the channel morphology study sites. 
 
5.3.2 Step 2 – Data Collection 
 
5.3.2.1 Stream Cross Sections 
 
All elevations will be surveyed by standard differential survey techniques using an auto-level or 
total station instrument (e.g., Harrelson et al. 1994).  Headpin and tailpin elevations, water 
surface elevations (WSE), hydraulic controls, and above-water bed and bank elevations will be 
referenced to a temporary benchmark serving a single cross section or cross section cluster.  
Cross-sections will include, at a minimum, the stage at twice the maximum bankfull depth 
(floodprone elevation).  Every break in slope will form a vertical point on the graph, and what 
the breaks represent will be noted (e.g., top of bank, edge of floodplain, bankfull, extent of right 
or left bank that is “moveable”).  The top of the rock elevation for bedrock within the channel, 
and the thalweg will be included.  The thalweg will be assumed to be the minimum elevation 
below which the bed cannot erode, unless there are some other characteristics that suggest an 
alternative maximum scour depth at that cross section, which would then be estimated.  Cross 
sections will be monumented with headpins and tailpins (e.g., rebar, pins in bedrock), 
benchmarks, and UTM coordinates. 
 
Three-cross sections will be selected at any study site at which to measure the full suite of 
characteristics studied, except where collaboratively agreed to by Relicensing Participants in the 
field during site/cross section selection.  Some cross sections may be surveyed across areas of 
possible sediment deposition, and where channel geometry (including bankfull and floodprone 
characteristics if they occur) is most representative of the reach, and representative of potential 
effects of the Project to site-specific aquatic habitat within the reach.  The cross section sites will 
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be selected in order to provide needed information for sediment transport analysis.  YCWA will 
invite interested and available Relicensing Participants into the field to comment on the channel 
morphology cross section locations in sites selected during previous consultation (Section 5.3.1).  
Notice for the field visit will be sent to Relicensing Participants as early as possible, but no less 
than 2 weeks prior to field site visits. 
 
5.3.2.2 Stage-Discharge Relationship 
 
The stage-discharge relationship can be estimated by entering cross section data into WinXSPRO 
(Hardy et al. 2005) initially.  If PHABSIM sites are co-located at these cross sections in 2012, 
the stage-discharge relationship developed during modeling can be used. 
 
5.3.2.3 Longitudinal Profile 
 
A longitudinal profile will be done for each geomorphology study reach, measuring at least 20 
times the bankfull width, unless there is a major geomorphic change that limits the extent (e.g., 
waterfall).  Cross sections within runs, riffle, and glide-habitat will be selected preferentially.  
Benchmarks used in the instream flow PHABSIM analysis (often there is one benchmark 
established for each cross-section) will be “tied together” so that only the lowermost benchmark 
has an assumed elevation of 100 ft.  Water surface, thalweg, floodplain, and bankfull elevations 
will be measured along the profile, making sure to include breaks in slope and each cross section 
location as a vertical. 
 
5.3.2.4 Particle Size 
 
Surficial substrate composition will be evaluated by compiling a facies map, which is delineation 
of the surface bed texture into distinct units by dominant and sub-dominant grain-size classes 
(Level I, Buffington and Montgomery 1999).  Each patch that represents a facies must have a 
minimum size of 12 ft2 (~2 m2) to be considered as part of the facies.  Wolman (1954) pebble 
counts will be done across each cross section and for each textural facies.  For the facies pebble 
counts, 100 pebbles will be measured for each facies but particles may be spread across several 
patches that represent the textural facies.  Particles will be measured using a gravel template, also 
known as a gravelometer, a square grain-size template, and a particle size distribution by number 
(not weight) will be created.  If particles can not be lifted to pass through the gravelometer, size 
will be estimated using a ruler. 
 
Armoring within a channel is a reflection of sediment supply and transport capability.  The 
armoring ratio, defined as the ratio of surface to sub-surface particle size, will be quantified at 
five sites.  The sites selected for analysis are:  1) Middle Yuba below Our House Dam, 2) Middle 
Yuba above Oregon Creek, 3) Middle Yuba below Oregon Creek, 4) Middle Yuba above the 
North Yuba junction, and 5) Oregon Creek in Celestial Valley.  Three samples will be taken 
from exposed bars with surface particles generally less than 128 mm (e.g., D84 less than 
128 mm).  Surface particles will be removed to the depth of the largest particle that was part of 
the surface layer yet embedded into the substrate.  All the surface particles larger than 16 mm 
will be passed through a gravel template with 14 square holes of 0.5 phi-unit classes ranging 
from 2 mm to 180 mm (US SAH-97 Handheld Size Analyzer from Rickly.com).  Particles larger 
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than 180 mm will be measured along the b-axis of the particle with a ruler and placed into a size-
finer-fraction class that would be “retained” on the next smaller size class.  For example, a 
280 mm particle would be retained as part of the 256 mm size class.  Particles less than 16 mm 
will be thoroughly mixed and a sub-sample will be placed into a sample bag for off-site sieve 
analysis.  When all the surface particles have been removed, measured and weighed, the sub-
surface particles will be excavated to a depth equal to the depth removed for the surface 
particles, or to 5”, whichever is greater.  Particles will be separated, weighed and bagged using 
the method described above for the surface samples.  It is anticipated that only one surface and 
one sub-surface sample among each of the three samples needed per site will be needed for a 
total of six samples to be sieved per site.  Results will be presented as a ratio of median particles 
size of surface and sub-surface particles.  Low values of D50surface:D50subsurface (e.g., less than 1.3 
means relatively weak armoring) are generally indicative of relatively high mean annual 
sediment transport rates, whereas high values of D50surface: D50subsurface (e.g., greater than 4 means 
relatively strong armoring) are generally indicative of relatively low mean annual sediment 
transport rates (Dietrich et al. 1989, Parker 2004). 
 
5.3.2.5 Site Map 
 
A to-scale site map sketch will be done of the surveyed reach and will include major features 
such as pools, riffles, bedrock outcrops, boulders, bridges, sediment deposits; location of cross 
sections; and substrate descriptions.  Substrate will be separated into groups of like-particles, or 
facies (“textural mapping”), given a textural type (Level I, Buffington and Montgomery 1999) 
and mapped.  Grain size distribution of these textural patches will be measured with Wolman 
pebble counts (see Section 5.3.2.4) and area of each facies will be quantified.  Depth of the 
sediment deposits believed to be part of the mobile load will be measured by forcing a metal 
probe into the sediments, or estimated using resistant boundary elements of the deposits such as 
bedrock or thalweg depth to estimate the depth.  The mobile load grain size will be defined for 
the purposes of this exercise as particles with D84 generally less than 128 mm, which can be 
refined by facies mapping and if particles can be moved easily by pushing a toe into the 
sediments (Wilcock et al. 2009). 
 
5.3.2.6 Streambank Erosion Potential 
 
Streambank erosion potential of each cross section for both left and right streambanks will be 
determined based on a “bank erosion hazard index” method developed by Rosgen (1996), that 
classifies reaches into categories of relative bank erosion potential (i.e., very low, low, moderate, 
high, very high, and extreme).  Measured criteria include ratio of streambank height to bankfull 
stage, ratio of riparian vegetation rooting depth to streambank height, degree of root density, 
bank angle, and degree of bank surface protection. 
 
5.3.2.7 Channel Stability 
 
Channel stability will be rated using the Pfankuch (1975) method as modified by Rosgen (1996).  
The Pfankuch procedure “was developed to systemize measurements and evaluations of the 
resistive capacity of mountain stream channels to the detachment of bed and bank materials and 
to provide information about the capacity of streams to adjust and recover from potential changes 
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in flow and/or increases in sediment production.” (Pfankuch 1975).  Channel stability will be 
used to assess the potential for lateral or vertical movement, in addition as input to the riparian 
condition assessment (Section 5.3.3.8). 
 
5.3.2.8 Input of Bedload from Tributaries 
 
Tributaries naturally add sediment to the Project reaches.  The aerial video (HDR 2009) and 
maps will be used to assess if an alluvial fan exists at the junction of the tributaries, or to assess 
if there are other indications of bedload build up from the tributaries.  If the tributary junctions 
are easily accessible, a qualitative field review will be made of the junction.  Evaluation will 
include a discussion of the size and type of material delivered, the type of deposit, if any, an 
estimate of the physical extent of the deposit, the geology of the tributary, any known sediment 
sources, and an estimate of sediment yield based on regional estimates.  A discussion of the 
availability and fate of bedload from tributaries will be included in the report. 
 
5.4.2.9 Sediment Supply 
 
As part of the California Bay-Delta Authority Upper Yuba River Studies Program, estimates of 
sediment yield in the Yuba River basin were estimated to be between 160 and 340 
tonnes/km2/year (Snyder et al. 2004) based on an estimated accumulation rate behind 
Englebright Dam.  The average of 250 tonnes/km2/year will be used to estimate a total sediment 
yield.  Nearby Feather River at the Oroville gage had an estimated pre-dam yield of 132 
tonnes/km2/yr (CDWR 2004), and Minear and Kondolf (2009) estimated a yield of 160 
tonnes/km2/year using the reservoir sedimentation rate of Bullard Bars between 1919 and 1939.  
So the 250 tonnes/km2/year is at the high end of yield estimates.  Bedload is estimated to be 15% 
of the total sediment yield, based on a range of 10-20% for the region (e.g., CDWR 2004, Snyder 
et al. 2004). These numbers will be used to develop a sediment supply estimate at “sediment 
supply nodes” in the study area:  North Yuba above and below New Bullards Bar; Oregon Creek 
upstream and downstream of Log Cabin Diversion Dam; Middle Yuba upstream and 
downstream of Our House Dam, below Oregon Creek confluence, at confluence with North 
Yuba; mainstem Yuba at confluence of North and Middle Yuba and below New Colgate 
Powerhouse.   
 
The supply estimate can be used to compare pre- and post-dam sediment supply based on the 
change in drainage area due to dam construction at each study site.  For example, at a study site 
just below Our House Dam, the pre-dam construction drainage area is 144.8 mi2, while the post-
dam-construction drainage area is near zero.  This ratio provides a modified dimensionless 
sediment supply value (S*, Grant et al. 2003) at each site that is the ratio of sediment supply 
below the dam to supply without the dam:   
 

S* = (Drainage Areapost-dam * Sed Yield) ÷ (Drainage Areapre-dam * Sed Yield) 
 
As the distance below the dam increases, sediment supply increases and S* will increase.   
 
Coarse sediment will be evaluated at accessible locations at twenty sites on the Middle Yuba and 
ten sites on Oregon Creek.  The volume of coarse sediment will be assessed in the intensive 
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study sites, and coarse sediment assessment locations will be added to Middle Yuba and Oregon 
Creek until the necessary total of sites/stream have been reached.  Volume of channel storage 
above the thalweg will be measured by estimating the length, width, and height of coarse 
sediment storage elements for a distance of about 100 m at locations not associated with an 
intensive study site.  Length can be adjusted so that the evaluation begins and ends at a similar 
feature, e.g., at a riffle crest.  Storage elements will be sorted into active, semi-active, inactive, 
and stable as set out in Curtis et al. (2005b).  
 
5.3.2.10 Extent of Deposition Upstream of Log Cabin Diversion Dam in Oregon Creek, 

Our House Diversion Dam in the Middle Yuba River, and Normal Mean High 
Water Elevation of New Bullards Bar Reservoir in Slate Creek 

 
To characterize the upstream extent of impoundment influence, the area from mean high water 
level of New Bullards Bar Reservoir to the upper extent of influence within Slate Creek, and 
from Log Cabin Diversion Dam and Our House Diversion Dams to the upper extent of the 
deposits will be measured.  YCWA will also measure a cross section, characterize the substrate 
with a Wolman pebble count along the cross section, and take photographs just upstream of the 
influence.  While measuring the cross section, the gradient of the channel within site distance of 
the cross section will also be measured (i.e., no long-profile will be done and only a quick shot 
will be taken in the vicinity of the cross section). 
 
5.3.2.11 Coordination with Licensee’s Riparian Habitat Study Upstream of Englebright 

Reservoir  
 
The assessment of the riparian zone in the channel morphology study sites will be conducted in 
close cooperation and collaboration with riparian and hydrology specialists.  YCWA believes it 
will be beneficial to co-locate the channel morphology study sites with the study sites selected 
for YCWA’s Riparian Habitat Upstream of Englebright Reservoir Study.  At a minimum, 
existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, and aerial photography relevant to both channel morphology and riparian 
vegetation will be collected and reviewed where available for the selected sites. 
 
5.3.2.12 Examine Effects of Uncontrolled Spill over Project Dams on Sediment Particle 

Size and Composition 
 
History and magnitude of spill from Project dams will be summarized.  Fate and distribution of 
sediment eroded from spill channels will be evaluated.  At each spill channel, the amount of 
material removed from each spill channel will be estimated, along with an estimate of particle 
sizes that may have been contributed to the mainstem of the river.  Potential fate of this material 
will be based on review of channel immediately below the spill channel and any remaining 
downstream indicators of scour or deposition that can be linked to the spill channel.  Aerial 
photos (current and historical if available), the aerial video, and any anecdotal information will 
be reviewed to assist in the interpretation of the history and fate of spill channel erosion.   
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5.3.2.13 Examine Effects of New Colgate Powerhouse Tailrace on Channel Morphology 
and Sediment Distribution 

 
The New Colgate Powerhouse discharges water into the Yuba River.  The vicinity of the 
powerhouse release will be investigated for signs of erosion at the outflow and downstream on 
the channel banks.  Since the backwater effect from the Englebright Reservoir is within 1.3 miles 
of the powerhouse, evidence of bank erosion, scour or extensive deposition that can be linked to 
that resulting from erosion and/or high magnitude discharges as a result of discharges from the 
tailrace will be investigated within this 1.3 mile area.  Erosion, scour and deposition will be 
evaluated using the release history from New Colgate Powerhouse. 
5.3.3 Step 3 - Assess Sediment Mobility 
 
The objectives of this component of the study are to evaluate discharges that mobilize particles 
composing the channel bed, and to assess how Project operations have affected the frequency of 
bed- and particle-mobilizing flows. 
 
The ideal location for sediment transport modeling and for the testing of the model are straight 
sections of the channel with minimal variation in width, slope, bed material, and roughness with 
nothing in the flow to take up stress acting on the bed (Wilcock et al. 2009).  Reaches with 
obstructions such as boulders, vegetation, or debris jams and highly variable topography or bed 
material should be avoided. 
 
5.3.3.1 Develop Transport Model 
 
Surveyed cross-sections, longitudinal profiles, and particle size distributions will be used as input 
to develop a calibrated hydraulic model for each reach.  Annual sediment mobility can be 
estimated using the BAGS model (Bedload Assessment in Gravel-Bedded Streams; Wilcock et 
al. 2009; Pitlick et al. 2009).  To compare bedload transport rates under regulated to unimpaired 
conditions, the bedload rating curve provided as output from BAGS (Figure 1 is an example 
developed for mixed-sized sediment on the Middle Yuba by Curtis et al. [2005a]) will be 
combined with annual exceedance discharges (i.e., the percentage of time the mean daily flow 
exceeds the mobilization threshold) to provide annual bedload transport capacity under regulated 
and unimpaired conditions (Sections 5.3.3.3 and 5.3.3.4).  Mannings “n” will be estimated using 
photos and cross sections as in Barnes (1967); channel slope as measured along 20 channel 
widths will be used as input to the model for slope. 
 
5.3.3.2 Estimate Substrate Mobility 
 
Particle size analysis, developed by pebble counts, will be used to develop a particle size 
distribution for up to three cross sections in each study site.  The relationship of forces driving 
and resisting particle movement at the moment of entrainment is a dimensionless parameter 
expressed as the Shield’s number.  The critical Shield’s number may vary from 0.02 to 0.086 
with a common average value for gravel of about 0.046 (Miller et al. 1977; Buffington and 
Montgomery 1997, Mueller et al. 2005).  The critical Shields number (τ*c) for the particle of 
interest (ds) will be estimated using the formula (Guo 2002): 
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d* = [(G-1)g/υ2](1/3) * ds  and τ*c  = 0.23/ d* + 0.054[1-exp{-(d*)
0.85/23}] 

 
where d* = dimensionless sediment diameter, G = specific gravity of sediment, g = gravity, and  
υ = kinematic viscosity of water. 
 
Due to inaccuracies found using the above equation for d* less than 1, the following equation 
will be used for small values of d*: 
 

τ*c = 0.5*tan Ø  for d* less than 0.3 
τ*c = 0.25* d*

-0.6 * tan Ø for d* between 0.3 and 1 
where Ø is assumed to be 30º for particles within this range 

 
The particles of interest (ds) will include gravel and cobble sizes:  2, 4, 8, 16, 32, 64, and 128 mm 
(Wentworth Scale, p. 20 Vanoni [ed.] 1975), and the D16 (fine particles, or the particle diameter 
where 16 percent of the particles are finer), D50 (median-size particles), and D84 (coarse particles, 
or the particle diameter where 84 percent of the particles are finer) for each cross section.  
Critical shear stress is defined as τc = τ*c (γs - γ) ds, where τ*c = Shield’s parameter (as calculated 
above), γ = specific weight of the fluid, γs = specific weight of the sediment, and dx = particle 
diameter of interest.  Channel shear stress must be exceeded by critical shear stress for 
movement to occur.  Channel shear stress for each cross section will be estimated using the 
depth/slope product:  ρgRS, where ρ = density of water, g = gravity, R = hydraulic radius at a 
given discharge, and S = reach-average bed slope. This analysis assumes that the bed is 
composed entirely of the particles for which critical shear is evaluated and does not 
accommodate mixed-grain sizes but may be useful as an indicator as to when bedload discharge 
becomes “meaningful”.  For example, if it is assumed that the cross section is composed of 
128 mm particles and the analysis indicates that the critical shear stress exceeds channel shear at 
2,000 cfs for that particle at a particular cross section, the 2,000 cfs can be used as a hypothesis 
for the beginning of “meaningful” bedload transport capacity as calculated in BAGS above.  
Tracer particle movement during the first freshet following placement can confirm or negate this 
hypothesis (Section 5.3.3.5 below). 
 
5.3.3.3 Estimate Changes in Bedload Transport under Regulated and Unimpaired 

Conditions 
 
Annual flow exceedance values and recurrence intervals will be presented using the best 
available flow data under regulated and unimpaired conditions (e.g., modeled regulated or 
unimpaired daily annual maximum values).  Annual exceedance flows are the percentage of time 
certain flows are met or exceeded (i.e., 25 percent exceedance represents a “high” flow as this is 
the flow that is met or exceeded only 25 percent of the time, and 50 percent exceedance 
represents the median flow).  Usually, exceedance values are based on instantaneous peak flow 
events (generally one per year for the period of record).  However, none of the sites have gage 
data so data must be synthesized and annual maximum daily flow data are all that are available 
(“best available data”) so exceedance values are somewhat underestimated.  Total annual 
sediment transport capacity will be estimated using the percentage of time a critical discharge is 
exceeded under regulated conditions and compared against the amount of time the critical 
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discharge is exceeded under unimpaired conditions using mean daily flow.  Additionally, flow 
recurrence intervals (which are the inverse of the flow exceedance) will be calculated using the 
PeakFQ statistical program developed by the USGS based on Bulletin 17B (USGS 1982).  
Results of the hydrologic models and PeakFQ analysis will be provided as tables that show 
recurrence interval (year) and the Bulletin 17B discharge estimate (cfs).   
 
5.3.3.4 Dimensionless Transport Ratio (T*) 
 
The dimensionless transport ratio (T*) is the ratio of the critical flows under regulated conditions 
(Treg) to the critical flows under unimpaired conditions (Tunimp) (Grant et al. 2003).  Using annual 
flow exceedance curves as above (Section 5.3.3.3), sediment transport capacity will be assessed 
under regulated and unimpaired conditions using mean daily flow.  T* will be calculated by 
estimating the total bedload transported annually under regulated conditions divided by total 
bedload transported under unimpaired conditions. 
 
 

 
Figure 1.  Relation of bed-load transport to instantaneous streamflow for the Middle Yuba River 
(11410000) and South Yuba River (11417500) gaging stations in the Upper Yuba watershed, 
California.  Bedload rating curves were developed using an empirical transport model for mixed-
sized sediment (Wilcock and Crow 2003).  Note that the bed-load transport was developed only for 
the range of flows observed during the study period 2001 to 2003.  (Reproduced from Figure 12, 
Curtis et al. 2005a). 
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5.3.3.5 Test Sediment Transport Model 
 
In order to test the incipient motion analysis for particles, a tracer particle test will be done at two 
locations most suitable for transport modeling (i.e., having none of the factors such as large 
roughness or changes in width that complicate assumptions regarding normal flow), and those 
that are easily accessible.  Likely sites are two cross sections within the potential study site in the 
vicinity of Celestial Valley on Oregon Creek and two cross sections within the potential study 
sites on the Middle Yuba below Oregon Creek.  Particles that will be tested will encompass the 
surface D50 at the cross section being tested. During the low flow period, tracer rocks will be 
placed in a line along the cross section by removing a similar-sized particle from the bed, placing 
a tracer rock of similar size in the same location, and pushing the rock slightly into the bed to 
emulate natural particle packing and embeddedness.  The rocks will be referenced to a vertical 
position within the cross section.  Photographs will be taken along the channel.  Following 
PHABSIM high calibration flows or a threshold of mobility that is established by initial 
estimates of mobility from the BAGS model and incipient motion analysis, cross sections will be 
re-surveyed for each rock presence/absence and photographs will be retaken.  Tracer rocks will 
be considered mobilized if they moved at least 3 feet (1 m) (Haschenburger and Wilcock 2003).  
Interested and available Relicensing Participants will be invited to comment on the appropriate 
cross sections and sites used for tracer rock analysis during cross section selection in the field. 
 
5.3.4 Step 4 - QA/QC Data 
 
Following data collection, all data will be subject to quality assurance/quality control (QA/QC) 
procedures including, but not limited to: 
 
 Field data sheets will be checked against entered data to be sure no corrections are needed.  
 Independent review of hydraulic and sediment transport models.  The models will also be 

placed on YCWA’s website for external review.  YCWA will schedule a conference call 
within two weeks of posting to discuss models. 

 Data and report will be reviewed for completeness. 
 Datasets will be reviewed graphically to check for errors. 
 
5.3.5 Step 5 – Analyze Data 
 
The goal of the study is to quantify or characterize river form and process and interaction with 
the riparian zone.  Table 5.3-2 presents the relationship between potential channel morphology 
issues, data to be collected by this study, and data analysis that will occur as part of this study. 
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Table 5.3-2.  Relationship between perceived channel morphology issues, data to be collected by this 
study, and data analysis that will occur as part of this study. 

Issue Data Analysis 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 

 Longitudinal profile 
 Cross sections 
 Surface Wolman pebble count 
 Stage-discharge relationship 
 Hydrologic information – 

regulated and unimpaired 
 Sediment availability changes 
 Particle mobility changes 
 Transport rate changes 
 Age and function of riparian 

zone 
 

 Longitudinal profile and cross sections will be used in the sediment transport 
model to estimate bed shear.  Critical shear for specific particle sizes data 
can be calculated and used with the estimate of bed shear to show the 
discharges where critical shear exceeds bed shear.  Wolman pebble counts 
organized into particle size distribution graphs  shows what particles exist on 
each transect.  Flow exceedance tables show the recurrence interval of flows 
under regulated and unimpaired conditions.  Combining all the tools 
provides an estimate of flows that mobilize particles and the frequency of 
those flows under different operating conditions. 

 Stage-discharge relationship provides at what flow various surfaces in the 
riparian zone are inundated; combined with hydrology data, this provides the 
frequency of inundation for regulated and unimpaired conditions. 

 Flow exceedance tables provided by hydrologic information under regulated 
and unimpaired conditions show the changes in recurrence interval of 
critical flows and are used in the estimate of bedload transport capacity. 

 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 
(continued) 

 Annual sediment yield 
 Channel and bank stability 
 Review of historical aerial 

photographs 
 Sketch map 
 Coarse sediment storage 

 Ratio of sediment yield before the dam was constructed to after the dam was 
constructed using basin sediment yield (250 tonnes/km2/yr) and drainage 
area with and without the dam (modified S* - Grant et al. 2003) provides an 
index of sediment availability changes. 

 Annual bedload transport capacity estimated using the BAGS model under 
regulated and unimpaired conditions provides an index of sediment transport 
rate changes 

 Ratio of the bedload transport under regulated conditions to the bedload 
transport under unimpaired conditions (T* Grant et al. 2003) provides an 
index of the changes in sediment transport capacity. 

 Age and function of riparian zone provides a history of disturbance and role 
of riparian zone in shape and form of channel. 

 Assessment of channel and bank stability provides how likely the channel is 
to move from its current form 

 Historical photos show the relationship between current form and prior form 
(depending upon the photos available) 

 Sketch map provides context for assessment, and provides a facies map that 
provides a template for stratifying other physical and biological 
measurements. 

 Coarse sediment storage in the channel can be compared against regional 
bedload yield estimates to evaluate coarse sediment balance. 

Project effects on 
floodplains 

 Cross sections 
 Stage-discharge relationship 
 Hydrologic information 
 Age and function of riparian 

zone 
 Historical aerial photographs 

 Cross sections provide the location and elevation of bankfull, depositional 
surfaces, and floodplains. 

 Stage-discharge relationship provides at what flow various surfaces are 
inundated; combined with hydrology data, this provides the frequency of 
inundation for regulated and unimpaired conditions. 

 Age and function of riparian zone provides the history of floodplain 
development and role vegetation plays in the history, development and 
future of the channel. 

 Historical photos show the history and interaction of the active channel with 
floodplains, conversion to or from terraces; changes in vegetation; 
disturbance history. 
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Table 5.3-2.  (continued) 

Issue Data Analysis 

Project effects on 
bedload distribution 

 Textural facies mapping, 
Wolman pebble counts 

 Channel armoring 
 Evaluation of tributary inputs 

of sediment. 
 Evaluation of influence of 

diversions and reservoir level. 
 Estimates of critical flows. 
 Estimates of substrate 

mobility. 
 Coarse sediment storage 

 Textural mapping, quantified by Wolman pebble counts, yields a visual 
record of channel conditions, and provides an areal weighting of grain sizes. 

 Ratio of surface to sub-surface particles provides an armoring ratio.  Surface 
layer is commonly coarser than the sub-surface, and the size distribution of 
the sub-surface gravel is often similar to that of the transported bedload.  
Low values of D50surface :D50subsurface (e.g., less than 1.3 means relatively weak 
armoring) are generally indicative of relatively high mean annual sediment 
transport rates, whereas high values of D50surface : D50subsurface (e.g., greater 
than 4 means relatively strong armoring) are generally indicative of 
relatively low mean annual sediment transport rates. 

 Discussion of tributary input of sediments and fate within the Project 
streams. 

 Discussion of base level control on Slate Creek, Oregon Creek upstream of 
Log Cabin Diversion, and Middle Yuba upstream of Our House Diversion. 

 Comparison of critical flows under unimpaired and regulated conditions. 
  
 Comparison of annual transport capacity under unimpaired and regulated 

conditions (T* Grant et al. 2003). 
 Coarse sediment storage in the channel can be compared against regional 

bedload yield estimates to evaluate coarse sediment balance. 
Project effects on 
particle size and 
composition from dam 
release outlets, 
minimum flow, 
uncontrolled spill 

Summary of spill history 
Discussion of channel form, sediment size and distribution as it relates to 
releases from dam outlets and minimum flow release flows, and erosion and/or 
hydrology due to spill releases from Project dams 

Project effects on 
channel morphology 
and sediment 
distribution from 
releases from New 
Colgate Powerhouse 

 Bank erosion assessment 
below New Colgate PH 

 Assessment of scour and 
deposition below New 
Colgate PH 

 Flow release history from 
New Colgate PH. 

Discussion of erosion, scour, and deposition using flow release history for New 
Colgate Powerhouse. 

 
 
5.3.6 Step 6 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include the following 
attachments: 
 
 Scanned field data (*.PDF format) of cross sections, longitudinal profiles, sketch maps, and 

particle size measurements.  Raw data will be made available to Relicensing Participants 
prior to the publishing of the final study report upon request, if YCWA has completed its 
QA/QC review of the data. 

 For each geomorphic study site, data associated with each of the geomorphic parameters will 
be shown in a tabular format. 

 Maps showing study site and cross section locations. 

 Photo-documentation and UTM coordinates of cross sections; UTM coordinates of 
longitudinal profile downstream and upstream limits. 
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 Cross sections and longitudinal profiles will be graphically plotted, with bankfull and flood 
prone widths identified. 

 Pebble counts for up to three cross sections per study site will be graphically plotted as 
cumulative particle size distribution curves. 

 The hydraulic/sediment transport model input and output files. 

 Table showing the critical shear stress (N/m2) for gravels (2, 4, 8, 16, 32, 64, 128 mm), and 
the D16, D50, and D84 for each cross section using estimated Shield’s parameters. 

 Estimated bed shear for each cross section using the depth/slope product calculation. 

 Graphs presenting bedload transport capacity (tons/year) versus discharge (cfs) for each cross 
section (up to three cross sections per study site). 

 Table showing T* and modified S* for each study site.  Flow exceedance tables under 
regulated and unimpaired conditions. 

 Summary of riparian condition. 
 

6.0 Study-Specific Consultation 
 
The study includes three study-specific consultations: 
 
 YCWA will schedule an office meeting to consult with Relicensing Participants on potential 

sites to be selected for intensive analysis. 

 YCWA will invite interested and available Relicensing Participants into the field to comment 
on the channel morphology study sites and the cross section locations.  During field selection 
of cross sections, number and location of cross sections may be modified by Relicensing 
Participants who are present.  Discussion and comments on possible transects for use in 
testing the sediment mobility modeling with tracer gravel will also occur during field 
selection of cross sections. 

 YCWA will post hydraulic and sediment transport models for review by Relicensing 
Participants.  A conference call will be scheduled for 2 weeks after the posting to discuss the 
models and obtain comments from Relicensing Participants . 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Study Site and Cross Section Selection ....................................................................... October 2011 
Field Work ........................................................................................................ April - August 2012 
Data Entry, QA/QC, & Analysis......................................................................... July - August 2012 
Report Preparation ........................................................................................ July – September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
Geomorphology studies are common in hydroelectric relicensing projects to determine channel 
condition, and determine whether flow or sediment measures are necessary and/or whether 
channel restoration is necessary.  The field methods proposed have been used recently in other 
California relicensing efforts.  Determination of bedload transport versus discharge is discussed 
for BAGS model use (Wilcock et al. 2009). 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $270,000 and 
$300,000. 
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Study 1.2 

CHANNEL MORPHOLOGY 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
channel morphology and fluvial processes, which could affect channel morphology downstream 
of the United States Army Corps of Engineer’s (USACE) Englebright Dam.2 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over channel morphology and the resources 
that could be potentially affected in the geographic area included in this study proposal:  1) 
United States Department of Interior, Fish and Wildlife Service (USFWS); 2) United States 
Department of Commerce, National Oceanic and Atmospheric Administration, National Marine 
Fisheries Service (NMFS); 3) California Department of Fish and Game (CDFG); and 4) State 
Water Resources Control Board, Division of Water Rights (SWRCB).  Each of these agencies 
and their jurisdiction and management direction, as understood by YCWA at this time, is 
discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to quantify or characterize river form and process in the Yuba River 
downstream of the Englebright Dam, and to assess potential impacts to the river form and 
process due to continued operation of the Project. 
 
The objectives of the study are to develop information necessary to meet the study goal.  
Specifically, the study objectives include development of a quantitative and qualitative 
understanding of Project effects on: 1) substrate mobility; 2) particle size distribution for 
salmonid spawning; 3) spawning gravel distribution; and 4) spill flow effects on channel 
morphology in the Yuba River downstream of Englebright Dam. 
 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam has an extensive history of impacts to channel 
morphology resulting from hydraulic mining activities in the Yuba River watershed.  From the 
late 19th Century through to the early part of the 20th Century, vast amounts of hydraulic mining 
debris and sediment were deposited in the Yuba River from the confluence of the Feather River 
upstream for more than 20 miles.  Sediment depths at The Narrows were more than 75 feet deep, 
and more than 15 feet deep near Marysville in the early 20th Century (CDC 1906).  While 
degradation of the river bed commenced in the early 20th Century with the decline in hydraulic 
mining activity and the construction of various debris dams, several tens of millions of cubic 
yards of sediment remain in the Yuba River downstream of Englebright Dam (James et al. 2009).  
Channel processes and changes over the course of the next several decades will largely be a 
function of the continued degradation of the river bed through layers of mining debris, as the 
river strives to equilibrate with the base levels associated with geomorphic controls at the Feather 
River and at Daguerre Point Dam. 
 
The Englebright Dam has been completely effective in blocking the downstream movement of 
sediment.  It is estimated that as much as 17,500 acre-feet (over 28 million cu yards) of sediment 
is impounded behind Englebright Dam (Childs et al. 2003). 
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The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California.  A considerable amount of information relating to the impacts 
of hydraulic mining and the operation of the Yuba River as an element of the state flood control 
system has been developed.  Additionally, extensive information regarding: 1) geomorphic 
drivers; 2) landforms and boundary conditions; 3) hydrogeomorphic dynamics; 4) physical 
habitat and ecological dynamics; and 5) river management actions have been developed through 
time, and a compendium of the existing information specific to the Yuba River downstream of 
USACE’s Englebright Dam is included as Attachment 1.2A to this study proposal. 
 
Information is available from both previously conducted studies dating back to the early 1900s 
through current information from ongoing data collection, monitoring, and evaluation activities, 
particularly from the Lower Yuba Accord Monitoring and Evaluation (M&E)  Program (RMT 
2010).  A summary list of recent information currently available includes, but is not limited to: 
 
 Topographic and geologic maps, including a digital elevation model (DEM) of the Yuba 

River downstream of Englebright Dam (RMT 2010)3 

 Hydrologic modeling and statistics for the Yuba River (YCWA 2007)  

 Operations procedures for Project facilities (YCWA 2009a)  

 Physical Habitat Simulation (PHABSIM) habitat modeling of the Yuba River conducted by 
Beak Consultants for the California Department of Fish and Game (CDFG) (Beak 1989) 

 Two-dimensional (2D) hydrodynamic habitat modeling (River2D) of 18 sites on the Yuba 
River conducted by the U.S. Fish and Wildlife Service (Gard 2007; 2008) 

 Two-dimensional hydrodynamic modeling (SRH-2D) of the Yuba River by University of 
California at Davis (UC Davis) for the River Management Team (RMT 2010) 

 Low-altitude aerial video of the Yuba River (YCWA 2009b)   

 Spatial Structure Analysis Interim Report for the Lower Yuba River by UC Davis for the 
River Management Team (RMT 2011) 

Information from ongoing data collection, monitoring, and evaluation activities, particularly 
from the Yuba Accord M&E Program (RMT 2010) addressing geomophological conditions and 
physical habitat conditions in the Yuba River downstream of Englebright Dam that will be 
available for the conduct of this study includes, but is not limited to: 

 
 Yuba River Development Project Water Balance/Operations Model (Study 2.2) 

 Substrate and cover classification maps of the Yuba River downstream of USACE’s 
Englebright Dam to characterize microhabitat and mesohabitat conditions (RMT 2010).  

 Spawning habitat data collection information for the Lower Yuba River (RMT 2009, 2010, 
2011). 

                                                 
3  M&E Program documents and work products are located at the River Management Team web site, www.yubaaccordrmt.com. 
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 Morphological unit classification map of the Yuba River (RMT 2010). 

 Discharge-dependent mesohabitat characterization of morphological units of the Yuba River. 

 Historic aerials analysis of the Yuba River downstream of Englebright Dam  
 
YCWA believes that sufficient information generally exists to characterize the geomorphologic 
conditions for the Yuba River downstream of Englebright Dam without the undertaking of 
additional field study effort.    
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from Englebright Dam to 
the Feather River. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee agrees to, or is 
responsible in whole or in part for measures arising from the study.  Global Positioning 
System (GPS) data will be collected using either a Map Grade Trimble GPS (sub-meter data 
collection accuracy under ideal conditions), a Recreation Grade Garmin GPS unit (3 meter 
data collection accuracy under ideal conditions), or similar units.  GPS data will be post-
processed and exported from the GPS unit into Geographic Information System (GIS) 
compatible file format in an appropriate coordinate system using desktop software. The 
resulting GIS file will then be reviewed by both field staff and Licensee’s relicensing GIS 
analyst.  Metadata will be developed for deliverable GIS data sets. Upon request, GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
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with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Study Methods 
 
This study consists of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct the analyses necessary to 
accomplish the previously stated goals and objectives; and 4) prepare report. 
 
5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding geomorphology in the Yuba River downstream of Englebright Dam will 
be obtained from previously conducted studies, including the dates and locations of data 
collection to the extent possible. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program will be compiled for this study plan 
report.  Data compilation and analyses conducted by the RMT for the Yuba Accord M&E 
Program will be obtained and utilized from the following ongoing monitoring and evaluation 
activities associated with the M&E Program Protocols: 

 Flow and Water Temperature Monitoring 

 Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

 Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 2D Hydrodynamic Modeling – physical habitat dynamics and availability 

 Morphological unit Classification – meso-scale physical habitat characterization 

 Riparian Vegetation Mapping  
 
5.3.3 Step 3 – Analyze Data 
 
The goal of the study is to quantify or characterize the Lower Yuba River form and processes 
and key contributing factors.  The following analyses will be conducted to evaluate the 
relationship between potential channel morphology issues, data to be compiled by this study, and 
data analysis that will occur as part of this study. 
 
 Utilize Morphological Unit and Reach Breaks Descriptions 
 A comprehensive analysis of reach breaks and morphological units for the Yuba River 

downstream of Englebright Dam is currently in review by the RMT, and scheduled for 
publication in September 2011. 

 
 Sediment Transport Analysis Using Shields-Stress Metric 
 In this approach, the 2D model is being used to simulated hydrodynamics over a wide 

range of geomorphically relevant discharges.  Given that the geometric channel 
overflows for discharges ranging from about 3,000 to 7,000 cfs, a mid-value of 5,000 cfs 
is used to represent the near-bankful condition.  Relative to that benchmark, flows will be 
run from 700 to 5,000 cfs for within bankful processes.  Also, overbank flows will be run 
for 10,000 cfs, 21,100 cfs, and then higher flows that double the discharge until the 
capacity of the mapped river corridor is full up to the limit of the measured stage-
discharge relation, which is about 110,000 cfs (from the New Year’s 2006 floods).  
Because the largest floods spill into the Goldfields and the lowermost floodplain region, 
which is far outside the domain of interest for this study proposal, some reaches may not 
be feasible to assess with the 2D model at the highest discharges. Once models are run, 
the sediment transport analysis involves the following steps: 
o The 2D model automatically calculates bed shear stress at each node using a drag-

force equation that is a function of depth, velocity, and model parameters. 
o Define a representative spawning bed-material size for a heterogeneous gravel/small 

cobble mixture and calculate the non-dimensional Shields stress (τ*). 
o Shields stress values are binned where values of τ* less than 0.01 correspond to 

negligible transport, 0.01 less than τ* less than 0.03 correspond to intermittent 
entrainment, 0.03 less than τ* les than 0.06 corresponds to partial transport, and τ* 
greater than 0.06 corresponds to full transport of a carpet of sediment 1-2 D90 thick, 
where D90 is the size that 90 percent of the surficial bed material is smaller than.   

o Use the available hydraulic regime to estimate the local critical particle size at the 
incipient-motion threshold for a given reach, wherein a Shields stress of 0.045 is 
utilized to identify the initiation of motion for particles size(s) of interest.  
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 Geomorphic Process Flows 
 Calculate return interval and duration analysis of flows that achieve full bed mobility for 

greater than 50 percent of the area of each of the following morphological units (except 
for those determined to not meet this threshold within the range of floods simulated): 
pools, riffles, lateral bars, and point bars. 

 Calculate return interval and duration analysis of flows that achieve full bed mobility for 
greater than 50 percent of the area of each reach 

 Sediment Export Analysis 
 Develop DEMs and uncertainty-adjusted DoD’s for all reaches in the study area for the 

1999 to 2009 period, which is the period when suitably accurate elevation data is 
available for the river.  Based on a thorough uncertainty assessment, the best uncertainty 
adjustment involves subtracting all deviations less than the half-contour interval of the 
1999 count-based DEM (i.e., 1’ cut-off) and subtracting all deviations below a “level of 
detection” at the 95 percent confidence interval. 

 Calculate total deposition, total scour, and net change, which must be scour, given that 
there is no significant source of sediment below Englebright Dam for each reach and 
morphological unit in the study area. 

 Use a mass balance equation to track downstream changes in sediment volume using the 
DoDs. 

 Channel Morphology Adjustments 
 Develop DoD maps for all reaches in the study area from 1999 to 2009 time period 

showing areas of change including areas of routine vs. occasional recruitment and change 
and an estimate of volume of change. 

 Assess which morphological units are experiencing the most cut and most fill using the 
DoDs. 

 Characterization Of Substrate Distribution (Can be analyzed using existing substrate maps 
and spawning substrate measurement to assess): 
 Relative substrate distribution by reach 
 Relative substrate distribution by morphologic unit 
 Substrate size distribution for spawning 

 Characterization of Large Wood Material (LWM) Presence and Distribution: 
 Provide a ‘snapshot’ inventory of LWM pieces by digitizing identifiable stream wood 

within the 5,000 cfs wetted area based on existing 1-foot aerial imagery for the study 
area.   

 Assess whether the longitudinal distribution of LWM is random or organized using 
simple longitudinal distribution analysis. 

 Stratify stream wood by reach and morphological unit to assess what landforms it tends 
to be associated with. 
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 Intersect stream wood polygons with the study area wetted area polygons up to 5,000 cfs 
to determine what flows access the available wood. 

5.3.4 Step 4 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include the following 
attachments: 
 
 Map of Yuba River downstream of Englebright Dam (*.PDF format) including topography, 

substrate, riparian vegetation, and other river features 

 Floodplain inundation map, showing inundation area at 1:1, 1:2, 1:5, 1:10 and 1:20 return 
interval flood flows 

 Summary of riparian condition 

 The hydraulic/sediment transport model input and output files. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Compile Data from Previous Studies (Step 1) ......................................... October 2011 - May 2012 
Compile Data from Ongoing Studies (Step 2) ........................................................ May - July 2012 
Analysis (Step 3) ................................................................................................. July - August 2012 
Prepare Report (Step 4) ............................................................................. August - September 2012 

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
The methods presented in this study plan are consistent with other generally accepted scientific 
study methods concerning geomorphological function assessment, including those conducted by 
the Resource Agencies in California. 
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9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $90,000 and 
$120,000. 
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Introduction 
 
Geomorphology is the study of the landforms on the surface of the earth.  Geomorphic analysis 
involves mapping the shape of landforms to describe their spatial patterns, observing landforms 
over time to record their changes, exploring the drivers and mechanisms of landform change, and 
evaluating the responses of biological, chemical, and hydrological processes to geomorphic 
change.  Beyond understanding natural conditions and dynamics, geomorphology is essential in 
planning societal use of the landscape and in figuring out the impacts of societal activity on the 
environment and through it the externalities that come back and harm society and economics. 
 
Traditionally it is has been thought that rivers possess the capability of adjusting their attributes 
to accommodate flow and sediment transport regimes so that sediment in- and out-fluxes are 
balanced and landform conditions are “stable”.  However, in reality geomorphic drivers and 
boundary conditions are much more independently dynamic and fast changing than classically 
envisioned, such that landforms may always be in a state of adjustment in response to external 
drivers and internal free oscillations that is normal and appropriate.  Rather than thinking of 
landforms as “stable”, it is more appropriate to think of them and the ecosystem functions they 
are associated with as resilient in the face of change.  Knowledge of historic, pre-human baseline 
conditions or regional reference conditions is limited and may not be as useful in understanding 
natural geomorphic and ecosystem services as once envisioned.  In light of this natural 
complexity, a geomorphic assessment of conditions after a large dam or other facility is built and 
operated may not be as simple as documenting geomorphic instability and attributing that to 
human impacts relative to the presumed stable baseline conditions. 
 
Rather than compare human-impacted conditions to theoretical baseline or reference conditions, 
a more effective approach is to deduce the geomorphic processes in a system under different 
regimes and evaluate the implications for resiliency of ecosystem services.  Through a 
mechanistic understanding of environmental systems, it may be possible to rationally rehabilitate 
an ecosystem to achieve resiliency in cases where it has been lost or is desirable to instill, even if 
it was not historically present. 
 
The goal of this report is to thoroughly document the studies that have been done that provide 
insight about the fluvial geomorphology of the lower Yuba River (LYR) and its relation to the 
resiliency of ecosystem services.  A description of the geomorphology of the river requires 
consideration of A) geomorphic drivers, B) landforms and boundary conditions, C) 
hydrogeomorphic dynamics, D) physical habitat and ecological dynamics, and E) river 
management actions.  As the report details, a lot of research has been performed already and 
more is being done presently as a result of the Yuba Accord.  Rather than describe the existing 
information chronologically or by considering each study completely one at a time, the approach 
taken is to focus on each essential geomorphic topic and draw from across all relevant 
knowledge sources to address each issue.  Sources referenced in the body of the report are listed 
with full citations at the end of this report.  Throughout the report, an effort is made to assess the 
adequacy of existing information and identify data gaps that limit the ability to assess dam 
impacts on fluvial geomorphology. 
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A. Geomorphic Drivers 
 
The chain of geomorphic processes in a river corridor begin with driving forces that cause 
landforms to change.  Slow geologic forces such as tectonics and sedimentary subsidence 
establish the context of a river basin and explain its long-term landform evolution as a result of 
erosion and deposition over thousands to millions of years.  Faunt (2009) investigated both 
natural and anthropogenically induced subsidence in the Central Valley and did not report any 
concerns for the LYR region. 
 
Glacial processes are nonexistent in the LYR.  Similarly, freeze-and-thaw erosion of riverbanks 
is not an important process in the LYR, because air temperature rarely dips below the freezing 
point.  Given a lack of sand- and mud- sized sediments, wind processes are likely to be 
geomorphically unimportant.  Kinetic erosion by rainsplash and chemical weathering do play a 
role in the breakdown of hillside bedrock and soils, but do not influence the coarse-grained 
floodplain and channel. 
 
A1. Surficial Inflow of Water and Associated Materials 
 
The most significant driving force for geomorphic change in the LYR corridor is flowing water.  
Water is a powerful force for landform change in and of itself, but it also carries with it sediment 
that is even more powerful in its geomorphic impacts.  Diverse chemical and biological materials 
also move with the flow.  Hydrological analysis of the LYR flow regime is critical to 
understanding the river’s behavior and conditions, and thus has been performed by many 
investigators. 
 
Traditional U.S. Geological Survey (USGS) gaging stations are used to record water levels and 
estimate flow rate; records are publically available on the internet at no cost.  Gaging stations 
operated by local and state organizations are also present, but data is more difficult to obtain.  
Additional water level recorders have been placed into the LYR on a temporary basis in support 
of several individual projects. 
 
The LYR is gaged at two locations and three of its tributaries are gaged.  The gages are 
 

The Yuba River USGS gaging station #11418000 is near Smartville, CA.  This gage is 
located in the EDR.  Its stage-discharge relation is dynamic due to its location upstream from 
an alluvial cross-channel bar, requiring regular re-calibration. The record is from 10/1/1941 
to present. 
 
The Yuba River USGS gaging station #11421000 is near Marysville, CA.  This gage is 
located downstream of Daguerre Point Dam and agricultural water diversions, so its values 
are often lower than those recorded at the Smartville gage.  Also, it is located relatively far 
upstream of the confluence with the Feather River, because flow fluctuations in the Feather 
River cause significant water level variations in the lowermost LYR, precluding the ability to 
create an independent stage-discharge relation for the LYR near its mouth.  The record is 
from 10/1/1943 to present. 
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The Deer Creek USGS gaging station #11418500 is at the Mooney Flat Road bridge over 
Deer Creek near Smartville, CA.  It is located in a bedrock channel. The record is from 
10/1/1935 to present. 
 
The Shubert subcatchment at the University of California Sierra Foothills Research and 
Extension Center flows into the LYR in the Narrows and has been gaged for over 60 years.  
It has a small amount of flow, but its long record has been used to study the influence of 
different land management practices on runoff generation and water quality, particularly with 
respect to cattle grazing. 
 
Dry Creek is gaged at Collins Lake, but the data is not publically available on the internet.  
Typical controlled releases are ~2 cfs.  Uncontrolled winter floods occur and appear to 
transport sediment and alter Dry Creek’s morphology, but the fluvial geomorphology has not 
been documented as of yet. 
 
No other minor tributaries (e.g., Big Ravine and Blue Point mine) have gages. 

 
Overall, the LYR is well gaged, providing the baseline data necessary to evaluate hydrological 
drivers of geomorphic processes.  A basic hydrological analysis including monthly flow 
distribution was performed by DWR and USACE (2003). 
 
A1a. Yuba River Development Project 
 
YCWA (2009) presented the hydrology of the Yuba River watershed.  They reported on 
measured tributary inflows, estimated ungaged flow accretions, and accumulated flows. 
 
A1b. Flow Release Schedules 
 
Flow release schedules are presently established by the Yuba Accord and are available on the 
River Management Team (RMT) web site (www.yubaaccordrmt.com). 
 
A1c. Flood Analyses 
 

DWR and USACE (2003) report the largest floods at the gages affecting the LYR. 
 
Moir and Pasternack (2008) and Pasternack (2008) performed flood frequency analysis for 
the pre-Englebright (before 1942), Englebright-to-New Bullards Bar (NBB) (1942-1971), 
and NBB-to-present (1971-2004) time series using the Smartville gaging station data. They 
found the present-day statistical bankful discharge to be 5,620 cfs and that for pre-NBB to be 
11,600 cfs.  The 2-, 5-, 10-, and 50-yr return interval discharges for 1971–2004 were 10,600, 
37,000, 51,200, and 142,000 cfs, respectively. 
 
MEI (2008) performed flood frequency analysis using the Marysville gaging station data 
(actual span of years used were not reported, but might have included all years irrespective of 
dam regimes).  The 2-, 5-, and 10-year recurrence interval peak flows were found to be 
17,100, 48,000 and 80,500 cfs, respectively. 
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Pasternack (2008) performed an analysis of flood types using the Flood Regime 
Characterization computer code for MATLAB 7 written by Eric Booth (UC Davis 
Hydrologic Sciences M.S. student) in 2006.  This code analyzes the magnitude and duration 
of flood events from a daily discharge time series to create classes of flood types.  This 
classification process is facilitated by expert-based input of significant hydrologic and 
geomorphic thresholds.  Once flood types are created, then water year types are created by 
clustering similar water years together based on the number of days each flood type occurs 
during each water year. The frequency of each water year type throughout the record is also 
calculated. 
 
MBK (2006) provided a list of reports about flooding and drainage issues in Yuba County.  It 
also summarized the findings about flood control infrastructure.  They state that a serious 
threat exists along the LYR due to the ever-present possibility of levee failure and that the 
dams in the system can only provide protection for floods up to the ~70-year event. 

 
NBB and Englebright Dams regulate flows into the LYR, but they do not hinder large floods, 
because the South and Middle Yuba Rivers have no large dams to abate winter floods driven by 
large raintorms or rain-on-snow events.   For example, the present LYR flow regime includes 
channel-changing floods that occur every ~9 years (e.g. 1986, 1997, and 2005/2006).  For 
example, in 1997 there was a flood that produced a peak mean daily discharge of ~154,000 cfs.  
On New Years Eve at the end of 2005, there was a flood with a peak mean daily discharge of 
~95,600 cfs.  On top of each of these flows over Englebright Dam, one also has to factor in the 
significant contributions of Deer Creek and Dry Creek, which help to sustain the duration of the 
peak flood. For example, the combined hourly peak discharge for the 2005/2006 New Years 
Flood at the highway 20 bridge was ~109,000 cfs. Large floods that occur on the LYR pose a 
hazard to Marysville and Yuba City, because levees protecting those cities have historically been 
prone to failure. 
 
A1d. Indicators of Hydrologic Alteration (IHA) 
 
Indicators of Hydrologic Alteration (IHA) is a widely used method to measure the variation of 
the flow with respect to the natural flow regime or pre-impact hydrograph.  IHA defines 32 
hydrologic parameters among the five components of the flow regime for the evaluation of 
changes between natural and manufactured flows.  The Range of Variability Approach (RVA) 
provides flow targets based on the statistics of the natural flow regime (Richter et al., 1997).  An 
IHA analysis was performed by Dr. Marisa Escobar at UC Davis to compare the flow regime 
pre- and post NBB (NBB), and some of the results were documented in Escobar and Pasternack 
(2010), but no comprehensive IHA report was written.  Pasternack (2008) also presents some 
metrics of hydrologic changes before and after Englebright Dam. 
 
IHA analysis of LYR median monthly flows showed a decline in spring-snowmelt flows after 
NBB was built.  During the pre-Englebright era, median monthly discharge peaked during the 
snowmelt season in April at ~6300-6700 cfs.  After Englebright was built that dropped to about 
4,600 cfs. After NBB was built it dropped down to a peak of ~2500 cfs.  Similarly, for the month 
of May, monthly flows decreased on average from ~5,200 cfs before to 2,000 cfs after NBB.  
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Therefore, like other regulated rivers, the LYR has a degraded monthly flow distribution in 
which there are the lowest flows during the late summer to early fall and then highest flows 
during the winter, but the lowest of the low flows are not as low as they used be and the flood 
peaks are curtailed. 
 
A1e. Climate Change Effects on Unimpaired Flow 
 
There is a very high level of uncertainty about what climate conditions will be like for the 
northern Sierras in 2050 and beyond.  Several studies have been done in which the future climate 
has been assumed to be one in which conditions are identical to the current climatic regime, 
except that the mean air temperature is shifted up 1-8 °C.  Using that approach, the expected 
outcome is dramatically less snow water equivalence and snow cover, resulting in an inadequate 
water supply for California. 
 
The UC Davis Hydrology Program conducted a climate-change analysis of flows in the North 
Yuba above NBB, whose flow is unregulated.  The study included analysis of past effects and 
projections of future impacts.  Mean daily discharge from 1938-2009 was checked for three 
indicators of climate change effects: calendar day of peak snowmelt discharge, fraction of annual 
runoff April through July, and the center of mass of snowmelt runoff.  All of these metrics 
showed no statistically significant impacts of climate change on the North Yuba system as of yet.  
However, a coupled model of regional climate change at 4-km resolution (WRF dynamical 
downscaling) and distributed hydrodynamic modeling (RHESSys) of the North Yuba catchment 
predicts a significant increase in snow storage and increase in water supply for 2048-2053.  This 
was contrary to previous studies that assume no change in precipitation and significant warming.  
In fact, the best projections now suggest that the Yuba catchment will have a significant increase 
in precipitation, snow, and water supply in 2050. 
 
A1f. Geomorphic Significance of Specific Flow Ranges 
 
Based on multiple lines of observational evidence and hydrological flood frequency data 
analysis, Pasternack (2008) reported the following flow thresholds for geomorphic processes in 
Timbuctoo Bend: 
 

•A preferential riffle-scouring discharge range of flow <11,000 cfs 
•A modern bankfull discharge of ~5,600 cfs, 
•A 1942-1971 bankfull discharge of ~11,600 cfs, 
•A preferential run-scouring discharge range of ~9,000-25,000 cfs, 
•A floodplain-filling discharge of ~20,000 cfs, 
•A preferential pool-scouring discharge range of >45,000 cfs. 

 
The above thresholds may not apply to the rest of the lower Yuba River.  The existence of such 
thresholds in other LYR reaches in presently under investigation. 
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A2. Groundwater and Hyporheic Flows 
 
California DWR has long-term groundwater monitoring wells throughout the region spanning 
1947-present.  DWR and USACE (2003) shows that two sites are right along the river just 
downstream of the Yuba Goldfields, but none are in the river corridor upstream of that.  
According to that report, groundwater pumping for agriculture has varied over the decades and is 
now lower than in the past due to surface water deliveries. Also, more water appears at 
Marysville than is present in the river as it passed over Daguerre Point Dam, indicative of extra 
inflows from groundwater recharge or from Yuba Goldfields surface outflows. 
 
The Yuba Goldfields are an ~10,000 acre, highly disturbed assemblage of landforms in the LYR 
corridor that resulted from historic industrial gold mining.  The industrial operations involved 
reprocessing gold out of hydraulic mining debris that deposited on the valley floor. The 
landforms consist of towering lines of coarse sediment with intervening deep lines of ponds.  The 
LYR and the Yuba Goldfields are hydrologically connected by groundwater and hyporheic 
fluxes as well as by direct surface water connection during floods.  River water has been 
observed to flow into the Yuba Goldfields during high flows and flow out during low flows.  
YCWA (2009) estimated that there is 500 TAF of storage of flood waters in the Yuba 
Goldfields. 

 
USACE (2002) performed MODFLOW groundwater simulations that predict hydraulic head 
throughout the Marysville region. 
 
YCWA (2007) included groundwater impact analysis, primarily related to diversion flow and 
agricultural recharge in the vicinity of the LYR. 
 
Three Rivers (2009) performed an assessment of groundwater in the area south of the LYR in 
support of levee strengthening work. 
 
Faunt (2009) reported on groundwater status and usage for the entire Central Valley, 
including information about the region containing the Yuba River. 
 
No hyporheic flow studies have been performed on the LYR, but there is ample visual 
evidence of water flowing through the substrate in large quantities.  For example, at the 
upstream end of all surficially disconnected backwaters there is a visible inflow of water 
straight out of the gravel.  The inflow is strong enough to create observable velocities. 

 
A3. Sediment Sources and Influx 
 
In an unregulated catchment, sediment flux plays an important role in geomorphic change.  Once 
a river is impounded, sediment transport and delivery is disrupted and the rate of geomorphic 
dynamics is often reduced.  Knowledge about the pre-dam influx of sediment can be useful in 
understanding baseline conditions.  However, the LYR is somewhat unique in that it stored a 
vast amount of sediment in its river corridor prior to damming as a result of historic hydraulic 
gold mining.  Consequently, sediment transport remains vigorous in the LYR even though 
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sediment influx is small.  In this context, information about pre-dam sediment influx provides 
insight into severity of historic impairment due to gold mining. 
 

Gilbert (1917) characterized the quantity and texture of sediment coming from hydraulic 
mining in the Yuba River catchment. 
 
USGS Upper Yuba River Studies Program investigation of sediment behind the dam (Snyder 
et al. 2004a,b).  Used drilling down the length of the reservoir to explore the stratigraphy of 
the thick deposit.  Applied two different extrapolation schemes to estimate the volume and 
mass of each size fraction of sediment in each reach of the reservoir.   
 
Snyder et al. (2006) analyzed the hydrologic history of the Englebright-Lake catchment in 
the 20th century and related that to variations in lake levels and the lake’s depositional 
history. Englebright Dam is a 100% barrier to the flux of sand, gravel, cobble, and boulders.  
Turbid water carrying silt and clay sized particles goes over Englebright Dam during floods. 
 
Curtis et al., (2005) developed a conceptual model of sediment processes for the Yuba River 
watershed.  They used GIS to estimate the spatial pattern of hillside susceptibility to erosion. 
 
Pasternack (2008) re-analyzed the Snyder et al. (2004a,b) data to isolate the gravel/cobble 
loading to have an upper bound on unregulated gravel/cobble influx to the LYR. 
 
James et al. (2009).  “The immense deposit in the lower Yuba River alone represents 24% of 
the hydraulic mining sediment produced from 1853 to 1884”. [That is ~253 million cubic 
meters of sediment.] “Most mines in the Yuba Basin dumped sediment into extremely steep, 
narrow canyons, where it was quickly and efficiently delivered downstream to alluvial fans 
and basins in the valley.” 
 
Boulder generation on hillsides abutting channel are rolling down into the river is important 
for cover, but unknown.  

 
A5. Sources and Influx of Chemicals and Biological Materials 
 
Large amounts of mercury were imported and used to process gold-bearing rocks in the Yuba 
catchment, introducing a serious toxic compound into the system.  Studies have been done to 
assess the scope of the problem, including the risk of methylation, which makes inorganic 
mercury bioavailable. 
 

Beak Consultants, Inc (1989) evaluated the LYR’s water quality (dissolved oxygen, pH, 
dissolved solids, hardness, alkalinity, nutrients, ammonia, inorganic trace elements, select 
organic compounds, and turbidity, and found that it was “quite good” and within the 
acceptable range for salmonids.  They did consistently detect mercury in sediments and fish 
tissue samples. 
 
May et al. (2000) documented significant bioaccumulation of methylmercury in fish in Lake 
Englebright. 
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Hunerlach et al. (2004) characterized total mercury and methylmercury in sediments trapped 
behind Daguerre Point Dam. Higher concentrations of total mercury were found with finer 
sediment sizes, but total mercury concentrations were relatively low, as were methylmercury 
concentrations.  They also assayed trace elements other than mercury using ICP-Mass 
Spectrometry (ICP-MS) and major elements (Ca, Mg, Na, K, Si, Fe, and Mn) by ICP-Atomic 
Emission Spectroscopy (ICP-AES). 
 
Alpers et al. (2006) reported geochemical data for mercury, methylmercury, and other 
constituents in the sediment under Englebright Lake. Related those to sediment particle size 
distributions. 
 
James et al. (2009) reported geochemical data for total mercury in sedimentary strata 
associated with hydraulic mining debris near Marysville, CA. 

 
A6. Role of Tributaries 
 
The influx of sediment, wood and other materials from tributaries (Deer Creek, Dry Creek, Big 
Ravine and Blue Point Mine) is likely very small in comparison to the amount of sediment stored 
in the LYR channel and floodplain.  Deer Creek and Dry Creek contributions are largely blocked 
by dams and flow regulation on those streams.  Tributary contributions are not a function of 
main stem Yuba flows or operations, but may be potentially important to understand from the 
perspective of sand contribution to the LYR. 
 
B. Landforms and Boundary Conditions 
 
As dictated by the mathematics of differential equations, the ability of driving forces to cause 
geomorphic change is strongly mediated by the characteristics of the landform itself, including 
surface composition, internal structure, morphology, and vegetation.  These characteristics are 
termed “boundary conditions” in math and engineering.  Their status is often influenced by 
dams, but on the LYR one has to consider the significant role of pre-dam hydraulic gold mining 
in dictating boundary-condition status. 
 
B1. Aerial Photography and Remote Sensing 
 
Satellites and airplanes serve as excellent platforms for collecting digital imagery of river 
corridors to study changes over time.  Satellites have lower resolution, but return more 
frequently.  Putting the two sources together can provide a strong assessment of river conditions 
before and after diverse human impacts. 
 
Landsat satellites that take digital images of the Earth’s surface have operated since 1972.  
Landsats 1, 2, and 3 flew over the LYR every 18 days and collected images with 80-m resolution 
using a multispectral scanner.  Landsats 4-7 have an upgraded thematic mapper system with a 
30-m resolution and a 16-day return cycle.  These images provide the potential to study LYR 
morphology and vegetation at a high temporal frequency for 36 years.  However, the spatial 
resolution is relatively low compared with airplane-based photography, which is commonly 1-m 
resolution. 
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Airplane-based photography of the LYR occurred in 1937, 1947, 1952, 1958, 1984, 1986, 1991, 
1995, 1996, 1997, 1999, 2002, and annually since 2004.  Historical imagery has largely not been 
georectified.  Most imagery since 1999 is georectified.  The National Agricultural Imagery 
Program has 1-m resolution imagery from 2009 that represents the highest quality georectified 
imagery available for the present condition. 
 
The RMT had airborne LIDAR flown for the LYR from highway 20 bridge to the mouth of the 
LYR in autumn 2008.  The LIDAR intensity returns provide an image of the river corridor and 
the raw returns have ~2’ spacing. 
 
Jason White at UC Davis georectified all available historical imagery of Timbuctoo Bend 
(provided by Geography Prof. Allen James of University of South Carolina, originally of the 
Yuba region) and those images are available. White (2008) and White et al. (in press) report the 
findings from analyzing those images to answer specific questions about riffle-pool location and 
persistence in Timbuctoo Bend. 
 
Geography Prof. Allen James of University of South Carolina is undertaking a historical 
geomorphic and land use / land cover analysis of the LYR utilizing historic aerial images. The 
project will produce an extensive digital, georectified historical and geomorphic database for the 
LYR from Englebright Dam to the Feather River confluence. The data and imagery will include 
historical maps and aerial photographs for the period from 1906 (map) to 1999. The aerial 
photographs will be manually interpreted and classified to produce geomorphic maps showing 
contemporary positions of channel margins, gravel bars, terrace scarps, levees, high-water 
channels, and areas of substantial anthropogenic geomorphic disturbance (dredge spoils, land 
fills, bridges, dams, agricultural leveling, levees, etc.). Mapping will include digitization of 
channel margins (lowflow water lines) vectorized into shape files for each period. Finally, the 
imagery will be interpreted and classified to produce a generalized vegetation map for each of 
the six periods. 
 
B2. Geology, Physical Geography, and Channel Classification 
 
The studies documented in this subsection provide overviews of the landforms and boundary 
conditions of the LYR. 

 
The California Geologic Survey released a new Geologic Map of California in 2010.  
According to the map, the river segment from Highway 20 bridge to Marysville consists of 
“Q” Quaternary deposits.  The segment from Englebright Lake down to highway 20 bridge 
consists of “MzV” Mesozoic metavolcanic rocks, though the river bed itself is composed of 
recent alluvial sediments. A more detailed characterization of soils, seismicity, and geology 
is presented in Yuba County (1993). 
 
Gilbert (1917) and James et al. (2009) provided detailed geographic and geomorphic 
descriptions of physical conditions in the LYR. 
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Beak Consultants, Inc (1989) qualitatively divided the LYR into four reaches on the basis of 
“major changes in stream character (gradient, channel morphology and substrate) and 
significant alterations in stream discharge”.  The reaches were 1) The Narrows Study Reach, 
extending 11,400 ft from Englebright Dam to the downstream terminus of The Narrows, a 
steep-walled canyon; 2) Garcia Gravel Pit Study Reach, extending 56,400 ft downstream 
from The Narrows to Daguerre Point Dam; 3) Daguerre Point Dam Study Reach, extending 
41,400 ft downstream from the dam to the upstream terminus of the Feather River backwater, 
and, 4) Simpson Lane Study Reach, extending 18,500 ft from the upstream terminus of the 
Feather River backwater to the confluence of the Yuba and Feather rivers. 
 
White (2006) used Timbuctoo Bend landform and flow characteristics to describe the LYR 
according to several river classification schemes. 
 
Pasternack et al. (2010) reported on the 100-year history of channel conditions in the EDR 
with an emphasis on the status of Sinoro Bar at the junction with Deer Creek. 

 
The general physical geography of the LYR is heavily influenced by the legacy of hydraulic gold 
mining.  The river is still best classified as a wandering gravel-bed river, typical of what is seen 
in front of retreating glaciers.  The degree of wandering is constrained by the large training 
berms and the presence of the Yuba Goldfields. 
 
B3. Topography 
 
A topographic map is a representation of the elevation pattern of a land surface.  Because 
topography is one of the most fundamental variables controlling ecosystem processes on Earth, it 
is essential to have a good topographic map to manage the landscape.  In the case of rivers, 
topographic maps are particularly important, because the speed and direction of water flow and 
sediment transport is directed by landform configuration.  In turn, flow and sediment help define 
instream habitat conditions and they can cause landform change. Repeated topographic mapping 
can be used to characterize how rivers change through time.  Both habitat conditions and channel 
dynamics are important considerations in river management, particularly in regulated rivers that 
are actively managed to balance multiple needs and interests. 
 

CDC (1906) included a longitudinal profile of the river bed and information about drilled 
boreholes to determine mining sediment thickness and depth to bedrock.  They found that 
there was 23 m of fill (75’) in the channel at The Narrows.  The sediment thickness thinned 
to 4.8 m at Marysville.  Depth to bedrock at DPD was 15.9 m.  there was no floodplain 
sediment fill determination. 
 
Gilbert (1917) described topographic mapping in the reach downstream of Parks Bar before 
“Barrier no. 1” was built and after it was destroyed by a flood.  Mapping consisted of 
contour-based surveying during low flows and cross-sections spaced ~500’ apart during high 
flows.  The whereabouts of these maps is unknown. 
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Gilbert (1917) described four maps of Timbuctoo Bend made in 1898, 1905, 1906, and 1908.  
The river’s wetted area for each of these maps is shown in Figure 8 of his report, but not the 
actual maps.  The whereabouts of these maps is unknown. 
 
1999 USACE topographic map.  Bathymetric cross-sections every 100-300’.  Terrestrial 
points primarily from photogrammetry and secondarily from LIDAR. No mapping of river 
bed from Englebright Dam down through Narrows. Some sizable data gaps, particularly 
where there were islands, backwaters, and side channels.  The 1999 map of the river channel 
and floodplain is no longer valid after the floods of 2005 and 2006.  The 1999 map was 
produced in the 1929 NGVD datum, but a version of the map using the 1988 NAVD datum 
has been produced by Prof. Pasternack at UC Davis. 
 
Childs et al. (2003) produced a bathymetric/topographic map of Englebright Lake. 
 
2006-2009 UCD/USFWS/RMT map.  Combination of boat-based, ground-based, and 
LIDAR mapping was used to create a much higher spatial resolution than the 1999 map.  
Point spacing on the floodplain was finer than 1 point every 2 feet.  In the channel the 
spacing was more variable, but still on the order of 1 point every 5-20’.  The EDR was 
mapped too, but the Narrows is still not mapped as of spring 2010.  No sizable data gaps 
exist downstream of the Narrows- all islands, backwaters, and side channels mapped.  A 
report explaining the data collection and map production procedures is available from the 
RMT. 

 
In summary, a high-quality, high-resolution topographic map exists for the LYR in its present 
configuration.  The map is suitable for a wide range of hydraulic, sediment transport, 
geomorphic, and habitat analyses.  The sequence of topographic maps from 1999 to 2009 enables 
analysis of channel change. 
 
B4. Sedimentology and Substrate 
 
The LYR is largely alluvial and has a loose sedimentary river bed.  Surficial sediment 
composition and structure influence sediment transport and site selection by organisms for 
different life stages. 
 

Beak Consultants, Inc (1989) stated that spawning gravels in the LYR are abundant and in 
excellent condition, especially from the Narrows Pool all the way down to the Marysville 
gaging station.  There was no evidence of bed “armoring” in which the surface of the 
riverbed becomes covered with a nearly impenetrable layer of very coarse cobbles and small 
boulders.  The absence of armoring is evidence of geomorphic maintenance of morphological 
units and their substrates, which implies dynamic channel changes. 
 
Beak Consultants, Inc (1989) used a visual classification system to characterize LYR 
substrates at 31 transects with at least 20 points to represent the proportional occurrence of 
habitat types in each reach.  
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The U.S. Fish and Wildlife Service Instream Flow Branch performed substrate mapping of 
18 study sites (9 salmonid spawning and 9 salmonid rearing sites).  At each site, cross-
section based visual classification of surface substrates was done.  In addition, a faster 
approach was tested in which surface substrates were visually mapped onto map sheets for 
areas rather than along cross-sections.  Comparison of the two methods found that the facies 
maps worked equally well as the cross-section approach.  No pebble counts. 
 
USACE (1997) reported gravel and cobble particle size distributions for the LYR based on 
Wolman Pebble Counts performed by Ayres and Associates. 
 
Hunerlach et al. (2004) characterized sediment particle size distributions in sediments 
trapped behind Daguerre Point Dam.  Sand/gravel fraction samples were separated into 10 
size fractions using screens with the following sieve sizes: 75, 50, 25, 4.75, 2.36, 1.18, 0.60, 
0.30, 0.15 and 0.075 mm.  Sandy, silty, and clay-silt fraction samples were conventionally 
sieved in the 0.063-2 mm range and then all particles <0.063 mm were assayed using a 
SediGraph 5100 particle-size analyzer with 14 size fractions ranging from 0.00025-0.063. 
 
MEI (2008) performed two Wolman pebble counts of active bar surface sediments in the 
vicinity of the point of the Brown’s Valley diversion intake (one upstream and one 
downstream of it). The median sizes were 23-28 mm.  
 
Pasternack (2008) and Moir and Pasternack (2010) reported diverse pebble count data for 
Timbuctoo Bend and the Englebright Dam Reach.  In 2004-2006 pebble counts were made 
on different morphological units at the Timbuctoo Bend Apex Riffle. For this 2004 set of 
pebble counts at the TBAR site, the median particle size was 62.1 mm.  Pebble counts were 
also done relative to different Chinook salmon spawning periods, including pre-spawning 
fresh bed conditions, red tailspills, and post-spawning altered beds. The median grain size of 
fish-mobilized sediment varied from 29.2-79.9 mm (mean = 49.2 mm).  
 
In 2007 a longitudinal survey of bed material grain size distributions was done along the 
edge of the channel adjacent to each riffle crest and pool through Timbuctoo Bend.  For the 
EDR, so little alluvial sediment is present that pebble counts were done wherever possible.  
Fulton (2008) reported a comparison of substrate conditions between Timbuctoo Bend and 
the EDR.  The EDR did not have any river-rounded gravels and cobbles. 
 
USACE (2007) described the plans for a pilot gravel injection of 500 short tons (361 yds3) of 
gravel and cobble into the Narrows 2 pool to rectify the lack of suitable substrate for spring-
run Chinook spawning.  The injection took place on November 29, 2007.  A residual of 34 
yds3 was left mixed into the aggregate in the parking area and hillside, with the remaining 
327 yds3 being placed into the river. 
 
Pasternack (2009) conducted two reconnaissance trips through the EDR in spring and 
summer 2009 to photographically document the substrates in that reach.  No pre-existing 
river-rounded gravels or cobbles were observed.  Accumulations of small angular rocks were 
pinpointed and photographed.  The gravel injected in 2007 was present.  Sediment-budget 
analysis reveals that 252 yds3 was still in the Narrows 2 pool.  The other 75 yds3 had moved a 
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short distance downstream.  Nothing had moved past the Narrows 1 facility, presumably 
because its outflow jet perpendicular to the channel creates a significant hydraulic barrier to 
bedload transport. 
 
In spring 2010 the RMT approved a protocol for mapping the substrate and cover for the 
entire LYR systematically.  The approach uses a new visual classification system for 
substrate with size divisions that are much easier to consistently identify in practice, because 
they were determined by properties of the statistical distribution of particle sizes in a gravel-
bed river.  Specifically, the mean bed material size for the river is ~60 mm, yet visual 
classifications often require users to differentiate sizes smaller or larger than 64 mm- right at 
the peak of the statistical distribution.  Also, the new divisions are mindful of important 
limits on the sizes that different salmonids normally move during spawning.  Prior to 
initiating the survey, field crews were tested twice on the method using 17 samples with 
various size mixtures of sediment taken from the LYR (and subsequently returned there).  
Test results showed that crew members performed well at identifying the presence or absence 
of size classes as well as determining the percent of material in each size class to the nearest 
10%.  As a result, beginning in July 2010, crews have been using real-time differential GPS 
units to field-map polygons of the surficial bed material down to polygon sizes >10 m2.  The 
coverage is for the wetted area of ~5000 cfs, as predicted using the 2009 topographic map 
and the associated SRH models for the whole river. 

 
Before Englebright Dam was built, the hydraulic mining deposits that filled the entire valley 
were composed of a mixture of all sizes of non-cohesive alluvial sediments. That mixture is still 
preserved in alluvial terraces on the hillsides that exist as remnant deposits and under the river 
bed.  However, once those materials wash in to the river or are exhumed as the river incises 
down, silt and sand sized particles wash away, leaving local patches of gravel and cobble on the 
bed surface, with the exact size distribution tied to the hydraulics and landform shape of each 
morphological unit present.  On the fall limb of floods, sand from terrace cutbanks and minor 
tributary inflows settles onto the gravel/cobble surface.  On the floodplain, the surface is largely 
gravel and cobble as well, but riparian vegetation captures large piles of fine gravel and sand. 
 
B5. Vegetation 
 

Beak Consultants, Inc (1989) mapped riparian plant communities and urban development 
along the LYR from color aerial photographs (scale 1 in = 500 ft). The linear extent of these 
features along the river was determined by planimetry, and then qualitatively compared to 
historic vegetation maps (U.S. Army Corps Engineers 1976) to assess changes that may have 
occurred during the past decade.  The plant communities along the river were found to be a 
combination of remnant Central Valley riparian forests, foothill oak/pine woodlands, 
agricultural grasslands, and orchards. Native riparian forest (mainly Fremont cottonwood, 
white alder and willow) was found to line the river channel. Gravel and sandbars were 
dominated by cottonwood where any vegetation was present at all. Blue oak/digger pine 
woodland occurred in the upper portion of the study area along the stream course.  No 
meaningful comparison could be made between the vegetation mapping results of this study 
and those of the U.S. Army Corps of Engineers for the early 1970's due to differences in 
criteria used to distinguish community types. 
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Sawyer (2007) applied a methodology for characterizing the hydraulic roughness of willows 
on the banks of the LYR.  She found that the best Manning’s n value for use with willows is 
n=0.057. 
 
The RMT is developing a vegetation map of the LYR downstream of the highway 20 bridge 
using the results of a LIDAR airborne mapping survey in autumn 2008.  For the reaches 
upstream of that, they will perform image classification on 2009 NAIP digital color imagery.  
Ground-based verification of the image classification is planned.  These efforts are expected 
to be complete by December 2010. 

 
Because much of the LYR floodplain is composed of coarse sediment, it does not have a topsoil 
that can hold nutrients and water sufficiently to sustain much vegetation.  Willows line the 
present bankful channel and exist along lines on the floodplain at former channel bank locations 
that have been abandoned by channel dynamics. Cottonwoods and other riparian species are 
present around partially connected former channels that are presently “backwaters”.  The 
hillsides are oak woodland. 
B6. Streamwood and Boulders 
 
The RMT is planning to map the present distribution of streamwood and boulders stored in the 
river in July and August 2010. 
 
B7. Civil Engineering Structures 
 
Structures have been built into the LYR to serve several societal purposes in and around the 
river.  These structures can impact channel form and flows. 
 
B7a. Levees and Training Berms 
 

James et al. (2009) provided historical analysis of levees and their impacts in the LYR. 
 
B7b. Bridges 
 

The Highway 20 bridge is the only bridge over the LYR upstream of Marysville.  It is high 
above the water, but it does have piers into the river bed.  Four bridges exist in Marysville at 
Simpson Lane, A Street, Route 70 (E Street), and a railroad line. 

 
B7c. Dams 
 

Gilbert (1917) description of “Barrier no. 1” a short distance downstream of Parks Bar. This 
concrete dam was destroyed by a flood in March, 1907. 
 
SWRI (2003) presented an overview of the history and 2003 status of biological conditions in 
the LYR as part of a biological assessment of a proposed flow bypass structure being built at 
Englebright Dam. 
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Pasternack et al. (2010) reported on the relative roles of Englebright Dam and instream gold 
mining in influencing current conditions in the EDR. 

 
By design, dams in the Yuba watershed capture a lot of the flow that comes during spring 
snowmelt, help attenuate winter flood peaks, and trap sediment that would otherwise fill lowland 
river valleys.  Most also block fish passage.  Flow releases from NBB provide cold water that 
helps support anadromous salmonid freshwater life stages. 
 
B7d. Diversions 
 

Beak Consultants, Inc (1989) described existing and proposed water rights and diversions. 
 
DWR and USACE (2003) described diversions and how much overall is removed at 
Daguerre Point Dam. 
 
SWRI (2003) describes diversions in the Yuba watershed. 
 
YCWA (2007) provides extensive description and modeling of diversions from the LYR. 

 
C. Hydrogeomorphic Dynamics 
 
Water and sediment transport drive landform change on the LYR.  Direct observation of these 
changes is difficult and expensive, especially in a large gravel-bed river.  During the 20th century 
significant changes and improvements to the understanding of coordinate systems and datums 
make comparisons of topographic surveys from different eras highly uncertain.  Determining the 
underlying causes of observed changes requires computer simulation of individual events. 
 
C1. Channel and Floodplain Hydraulic Models 
 
Several different hydrodynamic models have been used to study LYR hydraulics.  The 1D 
analytical method involves predicting open channel processes at cross-sections by coupling some 
combination of a mass-conservation equation, empirical hydraulic-geometry equations, empirical 
flow-resistance equation, and an empirical or semi-empirical sediment-transport equation.  An 
example computer program that has been used on the LYR for implementing this scheme is 
WinXSPro.  A similar analytical routine is incorporated as one of several hydraulic estimation 
approaches in PHABSIM, but this has not been used on the LYR. 
 
A variant of the analytical method is based on the geomorphic concept of “hydraulic geometry” 
relations and is known as IFG4.  This method involves observing stage for each transect and 
velocity at each point along a transect at 1-3 discharges (preferably with three corresponding to 
high, middle, and low flows) (there is also a no-velocity observation approach for unwadable 
areas).  Next, the least-squares regression fit is computed for the logarithm of stage against that 
of discharge for each transect.  Similarly, the least-squares regression fit is computed for log-
velocity against log-discharge for each point (aka “vertical”) along each transect.  These 
regressions are then used to interpolate stages and velocities at the points for unobserved 
discharges. 
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Numerical approaches to hydraulic estimation employ computers to approximate solutions of 
1D, 2D, or 3D equations of motion where the solution procedures are dependant on adjacent 
nodes or cross-sections.  1D numerical models use a standard step method to iteratively solve the 
energy equation for steady gradually varied flow from one cross section to the next to calculate 
water surface profiles. An example computer program that has been used on the LYR for 
implementing this scheme is HEC-RAS.  This model is freely available from the U.S. Army 
Corps. of Engineers, but it is also incorporated in to several commercial packages.  It is a widely 
used gold standard for 1D numerical modeling in the U.S.  PHABSIM also incorporates a 1D 
numerical modeling scheme. 

 
2D (depth-averaged) numerical models solve vertically integrated conservation of 

momentum and mass equations using a finite element, finite difference, or finite volume 
computation method to acquire local water depth and depth-averaged 2D velocity vectors at each 
node in a computational mesh. These models further add the ability to consider full lateral and 
longitudinal variability down to the sub-meter scale, including effects of alternate bars, 
transverse bars, islands, and boulder complexes, but require highly detailed topographic maps of 
channels and floodplains.  2D models are more realistically linked to flow, sediment transport, 
and biological variables measured in the field at the same spatial scale.  2D models have been 
used to study a variety of hydrogeomorphic processes and they are used in regulated river 
rehabilitation emphasizing spawning habitat rehabilitation by gravel placement.  Four different 
2D numerical models have been used on the LYR, including FLO-2D, RIVER2D, FESWMS, and 
SRH-2D.  FLO-2D is a high-end commercial package commonly used for floodplain flood 
assessment.  RIVER2D is a free suite of programs used heavily by fisheries biologists to evaluate 
physical aquatic habitat.  FESWMS is a free model produced by the Federal Highway 
Administration to look at local hydraulics around structures, but it has also been used to study 
hydrogeomorphic processes and physical aquatic habitat.  SRH-2D is a relatively new model that 
spans may of the capabilities of FLO-2D, RIVER2D, and FESWMS and is more 
computationally efficient and numerically stable, so it can be used to simulate long river 
segments in very high resolution. 

 
Associated with each modeling study is a suite of direct observations of depths, water surface 
elevations, and velocities in the LYR.  These observations are compared to model results to 
characterize the level of uncertainty in the models. 

 
Cla. IFG4 Hydraulic Estimation 
 

Beak Consultants, Inc (1989) used the IFG4 method to characterize the hydraulics of the 
LYR.  They designated 31 transects with at least 20 points to represent the proportional 
occurrence of habitat types in each reach. At each wadable point, depth, velocity, and 
substrate was observed.  Depth measurements were made with a top-setting wading rod and 
velocities made with various point-scale current meters. Substrates were assessed based on a 
visual classification system.  The one-velocity and no-velocity approaches to calibrating 
IFG4 was used. 

 
C1b. Numerical LYR Models For Flood Management Studies. 
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USACE (2002) made HEC-RAS and FLO-2D hydraulic models of the channel and 
floodplain with coarse 400’x400’ cells (i.e. 400’ internodal spacing) for use in studying 
terrestrial flooding during large floods.  HEC-RAS was run first to get the boundary 
conditions necessary to drive FLO-2D. FLO-2D was then used to assess how water gets onto 
and off the Yuba Goldfields. 
 

C1c. RIVER2D Models Of 18 Sites On The LYR. 
 
The U.S. Fish and Wildlife Service Instream Flow Branch (Gard, 2007, 2008) performed 2D 
hydraulic modeling of 18 sites for flows of 400-4500 cfs (the full range of controllable 
flows).  Ten sites were riffles thought to be preferred for spawning, and these were assessed 
for physical microhabitat for spawning and rearing life stages.  Eight sites were in other 
mesohabitats and were only assessed for rearing life stages.  Modeled velocities were 
compared to observed velocities.  Model results were not analyzed to evaluate hydraulic and 
geomorphic processes, but could be used for that purpose. 
 

C1d. FESWMS Model Of Two Sites On The LYR 
 
Professor Greg Pasternack from UC Davis was sponsored by the U.S. Fish and Wildlife 
Service to perform 2D hydrodynamic modeling of two different sites on the LYR over a 
range of discharges with FESWMS.  FESWMS was implemented within the Surface Water 
Modeling System (SMS) 8.1 graphical user interface. One site was the Timbuctoo Bend 
Apex Riffle (TBAR) whose topography was independently mapped in 2004 and 2005 (before 
and after the May 2005 flood peak of 42930 cfs).  The 2004 TBAR topography was modeled 
at flows of 400, 622, 827, 1200, 135, 1800, 2250, 2700, 4500, 5620, 11600, and 42930 cfs.  
The reason these uneven integer values were modeled (which also holds for the subsequent 
uneven integer values described below) was due to the availability of actual observations of 
downstream water surface elevations to drive the models at these flows rather than relying on 
a 1D numerical model or 1D analytical approach to estimate exit conditions, as was done by 
USACE (2002).  A different computational mesh was made for each discharge and the 
meshes all had an intermodal spacing of ~1 m.  For the 2005 TBAR topography, discharges 
of 650, 747, 855, 1101, 1223, 3347, 9547, 23140, 35260, and 109090 cfs were simulated, 
facilitated by the New Years 2006 flood.  Again, a different computational mesh was made 
for each discharge and the meshes all had an intermodal spacing of ~1 m.  Validation of these 
models consisted of comparing model predictions against observations of water surface 
elevations made by surveying, water depths made with a top-setting wading rod, and 
velocities made with a Marsh-McBirney current meter. 

 
The other site that FESWMS was used to model was the Englebright Dam Site (EDS) in the 
narrow canyon just below Englebright Dam.  This site included the Narrows II Pool just 
downstream of Englebright Dam, a run, and then another pool upstream of Narrows I.  This 
site was mapped in 2005 and FESWMS was used to model discharges of 800, 1190, 8809, 
9580, 25100, 31800, and 91400 cfs. 
 

C1e. RMA2 Modeling Of The LYR at the Brown’s Valley Diversion 
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MEI (2008) used topographic data collected in 2006 to run an RMA2 hydrodynamic 
simulation of the LYR in the vicinity of the Brown’s Valley diversion to evaluate the effects 
of the preferred fish screen design (Alternative 2-C).  RMA2 is similar to FESWMS, but it 
cannot handle supercritical flows, which is why it was not used for other studies in the EDR 
or Timbuctoo Bend.  Both models may be implemented within the Surface Water Modeling 
System (SMS) 8.1 graphical user interface.  RMA2 models were run for both the baseline 
channel conditions and for the preferred fish screen design.  The flows that were simulated 
with the 100- and 200-year flood events.  Results were used to analyze hydraulic conditions, 
incipient motion, and bank stability for these very large floods. 

 
C1f. SRH-2D Modeling Of The Entire LYR 

 
With the recent availability of the highly efficient SRH-2D numerical model, the capability now 
exists to simulate the entire LYR with 1 m intermodal spacing.  The primary limitation in model 
accuracy is topographic modeling and the degree to which the river’s slope is in the acceptable 
range of the assumption of horizontal flow, which is embedded in all 2D models.  Greg 
Pasternack ran a pilot test of SRH-2D in 2008 by re-modeling the TBAR 2004 site at 827 cfs and 
intercomparing FESWMS and SRH-2D.  The results between the two models were very similar, 
except that SRH-2D slightly underpredicts the highest velocities on steep riffle crests at very low 
flows.  This effect was concluded to not be a concern. 

 
Pasternack (2008) used SRH-2D to simulate flows of 855 and 1600 cfs in the EDR with ~1-
m intermodal spacing, which is the reach from the Narrows II pool down to the junction with 
Deer Creek. 
 
Pasternack (2008) used SRH-2D to simulate flows of 750, 930, 1669, 2986, 4303, and 5620 
cfs for the Timbuctoo Bend Reach (Narrows Pool to Highway 20 bridge) with 1-m 
intermodal spacing in the bankfull channel. 

 
In spring 2010, the RMT prepared computational meshes for the entire LYR downstream of 
the highway 20 bridge to go with the pre-existing ones for upstream of the bridge.  The 
model reaches now include the EDR, Timbuctoo Bend, the Hammon Reach (Highway 20 
bridge to DPD), the Daguerre reach (DPD to USGS Marysville gaging station), and the 
Feather Reach (USGS gaging station to confluence with the Feather River).   SRH-2D 
models of each reach and at different flows may be run concurrently on a single computer 
with multiple processor cores or across different computers. 
 
Extensive observational data was collected 2008-2010 to test the SRH models of the LYR. 
During topographic and bathymetric surveying in 2008 and 2009, many water surface 
elevation points were surveyed at the flows present during the mapping efforts, which varied 
widely.  In addition, an effort is being made to use the 2008 LIDAR points collected on the 
water surface to create a continuous water surface elevation map for the flow on the day of 
that flight, which could be compared against a model of the same flow.  Given this large 
amount of water surface elevation data, a smaller dataset of water depths was collected at 
cross-sections in December 2009.  During December 2009 to August 2010, the RMT 
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collected ~6000 observations of velocity between Hammon Grove Park and Hallwood Road- 
the area over which an RTK GPS base station could broadcast positional corrections from a 
benchmark located on DPD. 
 
In summer 2010, 1-m resolution SRH models of the LYR were run at the discharges for 
which observational data was available to test the models.  These flows ranged from 500 cfs 
to 5000 cfs. A detailed presentation showing the results of model validation is available from 
the RMT. 
 
In autumn 2010 a suite of flows between 500-5000 cfs will be simulated using SRH to 
evaluate flow-habitat relations for the whole LYR systematically. 

 
Overall, the LYR has been extensively modeled to determine depths and velocities.  Models have 
provided information about floods, sediment incipient motion, geomorphic change, and fish 
habitat.  The river changes every 5-10 years, so models must be updated to remain relevant.  The 
new 1-m resolution SRH models of the entire LYR represent the most complete and advanced 
effort at river modeling in the Central Valley of California. 
 
C2. Morphological Units 
 

A morphological unit is a discernible landform in the river valley that is typically visible at 
the spatial scale 1-10 channel widths.  Landform pattern is reflected in hydraulic pattern and 
thus may be delineated with the aid of hydraulic information, but it is independent of 
hydraulics.  Also, the shapes of morphological units are changed by flow over time. 
 
Beak Consultants, Inc (1989) performed visual morphological unit classification for each 
100’ section of the LYR in October 1986 when the discharge was ~600 cfs above Daguerre 
Point Dam and ~300 cfs below it.  The unit types that were used were low-gradient riffle, 
moderate-gradient riffle, run/glide, shallow pool, and deep pool.  The percentage of river 
channel composed of each type in each reach was enumerated. 
 
Moir and Pasternack (2008) defined 10 in-channel morphological units (forced pool, pool, 
chute, run, riffle entrance, riffle, glide, recirculation zone, backwater, and secondary channel) 
and used expert-based mapping to delineate their pattern at the TBAR site in 2004.  They 
then used the 2004 TBAR FESWMS model results for 827 cfs to characterize water depth, 
velocity, and Froude number for each unit. 
 
Pasternack (2008) defined an additional 10 morphological units to cover the terrestrial river 
corridor (lateral bar, point bar, medial bar, floodplain, tertiary channel, tributary delta, 
cutbank, terrace, tailings, hillside). 
 
Pasternack (2008) used the 2006 Timbuctoo Bend Reach topographic map, a water depth 
map based on the intersection of aerial imagery and the topographic map, and expert-based 
assessment of velocity pattern to delineate the morphological units in the entire river corridor 
in this reach.  Physical attributes for each unit were calculated for units in Timbuctoo Bend, 
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such as area, percent of total area, mean and standard deviation of water depth at specific 
flows, volumetric channel change 1999-2006, and average rate of downcutting 1999-2006. 
 
The Yuba Accord RMT has a protocol in place based on Pasternack (2008) to create a 
morphological unit map for whole LYR facilitated by the SRH-2D model results.  The map is 
likely to be done in autumn 2010 or winter 2001. 
 

C3. Channel Change 
 
Pristine rivers experience channel change due to a variety of causal factors related to inputs and 
boundary conditions.  Change is a normal and important aspect of the role of physical processes 
in providing ecosystem services.  However, pristine rivers also show resiliency in providing 
ecosystem services in the face of natural processes that cause channel change.  Often, human 
impacts that cause channel change break a river’s natural resiliency, causing sustained 
impairment.  By knowing the types and rates of natural channel change in a system as well as the 
underlying mechanisms of change and resiliency, one can determine whether a particular human 
impact is abnormally ecologically harmful. 
 
C3a. Historic Channel Response To Historic Hydraulic Mining Sediment 

 
Gilbert (1917) described sedimentation and sediment transport right after hydraulic mining 
stopped.  Channel change was frequent and dramatic between 1898 and 1912. 
 
Beak Consultants, Inc (1989) stated that it appears that the recovery from the influx of 
hydraulic mining debris (incision and accompanying stabilization) was largely complete by 
about 1950 on the basis of the interpretation that the channel had mostly changed its 
planform from a braided river to a single-threaded meandering river by that date.  Limited 
specific quantitative evidence was available for this study. 
 
James et al. (2009) discussed historic conditions and stated that, “The high sediment loads 
overwhelmed the transport capacity of valley channels and caused major geomorphic 
adjustments such as channel aggradation and avulsions.” 
 
USACE (1997) analyzed changes to the river’s longitudinal profile between 1899, 1906, 
1912, 1929, 1957, and 1992.  The river was found to be incising rapidly after hydraulic gold 
mining was stopped and dams were built. 
 

For over 100 years, the LYR has been a highly dynamic, wandering gravel-bed river.  This was 
not its pre-settlement classification, but it is the template of what was present prior to dam 
construction.  Since dam construction, sediment supply has been reduced, while geomorphically 
significant floods have continued.  This enabled incision into historic deposits under the 
riverbed. 

 
C3b. Modern Channel Response After Flow Regulation (Post-1972). 
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Beak Consultants, Inc (1989) stated that channel change between 1973-1986 consisted of 
normal lateral migration.  Their interpretation is that the river is stable in the sense required 
to justify application of the IFIM approach for determining flow-habitat relations. 
Specifically, they suggest that changes to the river would not change the statistical 
distribution of morphological units and would not impact flow-habitat relations.  Limited 
specific quantitative evidence was available for this study. 
 
Sawyer et al. (2010) used the 827, 5620, 11600, and 42930 cfs FWSWMS model results for 
the TBAR site to characterize hydraulic processes responsible for observed geomorphic 
changes through the May 2005 flood.  The key finding is that flow convergence routing 
driven by the phasing of coherent bed and valley-width undulations is effectively causing 
geomorphic maintenance of morphologic units at different discharges at the TBAR site. 
 
White (2008) and White et al. (in press) studied planform channel change and riffle-pool 
locations/persistence in Timbuctoo Bend for 1937-2006 based on historical aerial imagery 
and the 1999 and 2006 topographic maps.  They found that significant planform channel 
change does occur in Timbuctoo Bend, contradicting the assumption/conclusion of Beak 
Consultants, Inc (1989.  Further, the peak flood discharge between two aerial photo sets 
explained 65% of the area of planform channel change over the same time interval.  They 
also found that valley width oscillations explained the locations of persistent riffles and pools 
in the reach. 
 
Fulton (2008) used the 2005 TBAR model results to evaluate hydraulic processes responsible 
for observed geomorphic changes from 2005 to 2006 as a result of the New Years 2006 
flood.  The site underwent dramatic change as a result of this large flood. 
 
Pasternack (2008) reported digital elevation model differencing between the 2006 and 1999 
topographic maps of Timbuctoo Bend.  This analysis yielded the spatial pattern of 
topographic change in ~1-m resolution and the net total export of sediment out of the reach.  
Roughly 600,000 yds3 of sediment left Timbuctoo Bend in the 7-year period.  That amount of 
change contradicts the contention of Beaks Consultants, Inc. (1989) that the river is stable.  It 
is unknown yet where all that material went downstream.  Also, the estimated vertical 
channel change and volumetric change were stratified by morphological unit.  Each unit 
exhibited a different rate of change, which means that the statistical distribution of unit types 
cannot have remained constant, again contradicting Beaks Consultants, Inc. (1989). 
 
Pasternack (2008) studied the mechanism of erosion of riffle crests and discovered that 
during low flows the riffles behave as upstream-migrating knickpoints.  Using an anchored 
raft, the group positioned themselves in the convergent zone of riffles and measured 
velocities at the surface, mid-depth, and near the bed.  Also, for one wadable riffle they 
directly measured lift and drag on grains at the bed using a special 6-component 
force/moment sensor.  These measurements indicated that the hydraulic forces were 
sufficient to scour the bed at flows of ~800-1200 cfs.  They also made repeat topographic 
surveys of the riffles and confirmed that during the time of low flows the bed actually did 
change in a way that matched the flow configuration.  Thus, during low flows water is 
focused or converged onto riffle crests causing them to erode and behave as knickpoints.  
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The study by Sawyer at al. (2010) showed that during large floods the relief between riffles 
and pools is rejuvenated, which renews the cycle of riffle erosion for the next low-flow 
period. 
 
RMT has data needed to assess perform DEM differencing 1999-2009 for the entire LYR, 
but has not implemented a study on it yet. 

 
The LYR continues to be a highly dynamic wandering gravel-bed river. Damming did not alter 
the classification of the river as quickly as generally understood for regulated rivers, because so 
much sediment is stored in the river valley and because floods still occur on a regular interval.  
Anecdotally, reports suggest that the river has narrowed, incised, and slowly transitioned from 
braided to meandering as a result of the reduction in bankful flow and lack of upstream sediment 
supply.  In Timbuctoo Bend the river is incising on the floodplain as well as the riverbed, 
suggesting that dynamics are not constrained by an overgrowth of bank vegetation or 
disconnection between channel and floodplain.  The mechanism of river incision observed in 
Timbuctoo Bend involves a two-step process: 1) knickpoint-based riffle scour during low flows 
and 2) pool scour during high flows.  This mechanism is facilitated by undulating valley walls 
and riffle-island formations in the widest valley cross-sections.  Even though the river is still 
incising, it is sustaining an ecologically useful pattern of riffles, pools, and other morphological 
units. 
 
C4. Sediment Budgets 
 
A sediment budget is an accounting of all the fluxes of sediment in and out of an area as well as 
how much is stored within it.  Sediment budgets are used to determine whether there is a steady 
state balance of movement in and out of a system or whether rivers are aggrading or incising. 
 
C4a. Sediment Budgets By Landform Analysis 

 
Gilbert (1917) described topographic changes and estimated sediment fluxes. 
 
Pasternack (2008) created a sediment budget for Timbuctoo Bend by performing digital 
elevation model differencing between maps from 1999 and 2006.  The sediment budget was 
also partitioned by morphological unit type. 
 
RMT has data needed to assess changes in sediment storage 1999-2006, but has not 
implemented  analysis yet. 
 

C4b. Sediment Budgets By Sediment Load Observation 
 
USACE (1997) presented a limited amount of suspended sediment load data based on 
observations at the Maryville gaging station. 
 

C5. Sediment Transport and Incipient Motion 
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A common metric used to understand the link between channel dynamism and fish habitat is the 
discharge associated with “incipient motion”, the condition under which sediment transport is 
just beginning.  However, the idea of a single discharge of incipient motion has always been 
controversial and may not be useful for a dynamic river like the LYR.  This question has been 
studied carefully on the LYR to find out, and the effort is on-going. 
 
C5a. Hydraulic Modeling of Shear Stress and Inference of Sediment Transport Regime 
 
One approach to evaluating the conditions at the moment of incipient motion is to perform 
hydraulic modeling to obtain depths and velocities, and then calculate the bed shear stress from 
those model outputs using one of several formulas.  For any grain size, the Shields’ criterion for 
incipient motion may be used to calculate the critical shear stress above which observable 
transport begins.  The method assumes a bed of non-cohesive, homogenously sized particles. 
More recently, a new approach has been developed for non-cohesive, mixed-size beds that 
involves calculating a non-dimensional shear stress variable called “Shields stress” (*) and then 
characterizing the overall sediment transport regime based on the transport mechanics for 
established ranges of Shields stress values. The classification is as follows: * < 0.01 is no 
transport; 0.01 < * < 0.03 is intermittent entrainment; 0.03 < * < 0.06 is a range of a process 
known as ‘‘partial transport’’ in which any overabundance of finer particles is removed off the 
bed tending toward an equilibrium size-distribution for the mixture; 0.06 <* < 0.10 is full 
transport; and * > 0.10 is likely a channel-altering condition. 
 

USACE (1997) performed HEC-6 modeling of 100-, 200-, and 400-year flood hydrographs 
to assess sediment transport capacity for those extreme events. 
 
DWR and USACE (2003) analyzed the incipient motion conditions for flows of 4,000; 
40,000; 65,000; 121,000; and 161,000 cfs using HEC-RAS hydraulic output and a sediment 
transport tool known as the Shields Diagram.  For each flow they determined the maximum 
particle size moved by the flow.  This approach assumes that the entire mixture of sediment 
is this size and does not account for the effects of a heterogeneous bed. 
 
Sawyer et al. (2010) and Pasternack (2008) used FESWMS 2D models of the Timbuctoo 
Bend Apex Riffle to evaluate the presence of flow convergence routing and the Shields stress 
transport regimes for the discharges modeled.  They found that each morphological unit 
experienced the “full transport” (* > 0.06) sediment transport regime over a unique range of 
flows.  Thus, a single incipient motion threshold for the river is not appropriate as a metric 
for evaluating LYR sediment transport conditions and fluvial geomorphology. Fulton (2008) 
extended the flow range of the analysis to >109,000 cfs. 
 
Fulton (2008) used the FESWMS 2D model of the EDS in the EDR to evaluate the presence 
of flow convergence routing and the Shields stress transport regimes for the discharges 
modeled.  As a test metric, more than 10% of the wetted area would have to be in full 
transport in order for the EDS to be considered “unstable” at that flow.  Based on this metric, 
a flow of 25,100 cfs would be required to mobilize gravel and cobble at the bottom of the 
Narrows 2 pool. When gravel is loosely piled much higher than the pre-existing bed level, 
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the discharge required to move it would be lower, but no such scenario was investigated.  
Transport in the constricted channel downstream of the pool was predicted to begin at a 
lower discharge of 9,570 cfs.  The model results for flows 800-91,400 cfs showed the 
absence of flow convergence routing.  That means that present high points (nominally 
“riffles”) in the riverbed in the EDS are also narrow.  As a result, any gravel added to the 
river over these riffles will wash away preferentially.  Any gravel added into pools would be 
the most difficult to wash away. 

 
C5b. Bedload Tracer Studies 
 
Since a large fraction of bed material in the LYR is gravel and cobble sizes, it tends to roll and 
hop along the bed as “bedload”.  Bedload is very difficult to measure directly.  The standardized 
approach of lowering a Helley-Smith sampler down from a bridge, cableway, or boat-based 
platform and sampling for 2-minute intervals is notorious for its inability to capture the correct 
relation between bedload rate and flow rate.  Few suitable locations exist on the LYR to perform 
such measurements anyway, given the lack of bridges and the large width of the river.  An 
alternate approach is to place painted and/or magnetized “tracer’ stones into the riverbed and 
then track their movements after each event.  In 2003-2004 Dr. Hamish Moir and Prof. Greg 
Pasternack painted 28,439 stone tracers (8-64 mm in diameter) sourced from the LYR using 22 
color combinations.  Each set of stones with a unique color combination was cored deep into the 
bed at diverse sites in the Timbuctoo Bend Apex Riffle using a MacNeil Corer. Velocity profiles 
were conducted over the cores at 1-3 different discharges.  Periodically through 2004 the tracer 
piles were examined for loss of tracers and efforts were made to locate tracers downstream and 
survey their locations with a robotic total station.  Overall, flows were low in 2004 and little 
movement occurred. Monitoring continued until it was halted as a result of the May 2005 flood 
event that appeared to obliterate the tracer cores in that none of them could be subsequently 
found at the bed surface. However, later excavation at the specific locations of the tracer cores 
determined that some had been entirely scoured away, while others had been covered over by 
deposited sediment. Generally, cores were entirely scoured away on the south side of the study 
site and covered over on the north side. 
 
In November 2005, Moir and Pasternack placed 4 rows of painted, numbered tracer stones (366 
stones total) with powerful imbedded neodymium magnets in them across the LYR at the 
Timbuctoo Bend Apex Riffle site.  The tracers ranged in size class from 22.6 – 32 mm to 128 – 
256 mm and in mass from 0.04 to 4.22 kg.  A month later there was the enormous New Years 
2006 flood that yielded a major reconfiguration to the river.  When the flows finally receded 
enough in the summer to look for stones, 3 were found very close to the original locations and all 
the rest were gone with no hope of finding them down the next 20 miles of riverbed and 
floodplains. 
 
As an alternate approach, in 2004 Moir and Pasternack also installed Bunte bedload traps along 
the flanks of the run just downstream of the Timbuctoo Bend Apex Riffle.  These are short but 
hefty rectangular metal tubes with wide openings and nets tailing behind to capture bedload.  
They require emptying periodically during sediment transport events, but they are highly 
effective at capturing the bedload rate as a function of discharge.  Also, they were designed to be 
used in small streams where samplers may be operated from boardwalks over the channel.  
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Unfortunately, no small transport events occurred in 2004 to yield data and the traps were 
removed.  Had the traps been left in place they would have been wiped out by the May 2005 
flood anyway. 
 
Pasternack (2009) reported on the 2007-2009 bedload migration of 500 tons of distinct, rounded 
river gravel and cobble injected into the Narrows II Pool in November 2007.  In the absence of 
significant flows over Englebright Dam during this initial study period, only a small fraction of 
that material has migrated so far and that has been for just a short distance downstream.  
Notably, that 50-ton sediment pile is laced with 361 painted, numbered tracer stones with 
imbedded neodymium magnets imbedded in them that may be trackable through the EDR. 
 
The overall finding from these efforts is that direct observation of bedload transport on the LYR 
downstream of the Narrows Pool is extremely difficult to achieve.  The river is so dynamic and 
sediment influx so small that it is far more effective to estimate sediment outflux and 
redistribution by detailed re-mapping of the river bed and applying DEM differencing. 
 
D. Physical Habitat and Ecological Dynamics 
 
D1. Microhabitat Analyses 
 
The term “microhabitat” is defined as the localized depth, velocity, temperature, and 
substrate at a point in a river without regard to surrounding conditions 
 

The U.S. Fish and Wildlife Service Instream Flow Branch (Gard, 2007, 2008) sought to 
establish flow-microhabitat relationships on the basis of 2D hydraulic modeling of 18 sites 
for flows of 400-4500 cfs (the full range of controllable flows).  Ten sites were riffles 
thought to be preferred for spawning, and these were assessed for physical microhabitat for 
spawning and rearing life stages.  Eight sites were in other mesohabitats and were only 
assessed for rearing life stages.  Habitat suitability curves for depth, substrate, and velocity 
based on logistic regressions were developed for spawning, fry, and juvenile life stages, 
using modeled velocities and depths to represent “available” conditions.  Other curves were 
also evaluated.  Comparisons of observed habitat occurrence/utilization against model 
predictions of habitat presence/absence did not “bioverify” and the study results were thus 
inconclusive. 
 
Pasternack (2008) used the 2004 and 2005 FESWMS 2D model results for the TBAR site 
along with observations of salmon spawning and redds to perform bioverification of 
utilization-based habitat suitability curves for fall-run Chinook salmon spawning from the 
lower Mokelumne River.  Although the curves were from a different river in the Central 
Valley, they passed strict tests for predicting both presence and absence of observed 
spawning.  Notably, no substrate suitability criterion was used. 
 
Fulton (2008) used the 2005 FESWMS 2D model results for the TBAR site to evaluate fall-
run Chinook spawning microhabitat conditions over a wide range of discharges.  He also 
analyzed the hydraulic processes responsible for observed geomorphic changes 2005 to 2006. 
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Fulton (2008) used the FESWMS 2D model results for the EDS site in the EDR to evaluate 
fall-run Chinook spawning microhabitat conditions over a wide range of discharges.  Only 
3% of the area in the EDS had suitable hydraulics for Chinook spawning at flows ≥800 cfs.  
This is in contrast to 30% of the area in the Timbuctoo Bend Apex Riffle site.  The little area 
with suitable hydraulics was composed of narrow patches flanking the channel and had no 
suitable spawning substrate. Also, no redds were observed at the EDS in 15 site visits over 2 
spawning seasons. 
 
Moir and Pasternack (2010) investigated the microhabitat interdependence of depth, velocity, 
and substrate size related to Chinook salmon spawning.  The goal was to determine whether 
the preference of Chinook to use a single variable was limited to an “inelastic” range not 
conditioned by the values of the other variables.  By comparing available and utilized 
hydraulics and substrates, it was possible to determine that in fact Chinook preference is very 
elastic.  For example, fish chose to spawn in significantly coarser substrates when the 
ambient velocity was high enough to aid the fish in moving the material and chose fine 
substrates when the velocity was low. 

 
Although the issue of what constitutes the best type of habitat suitability curves for the LYR is 
still under scrutiny, the results of the above studies show that it is possible to predict the spatial 
patterns of presence and absence of salmon spawning microhabitat to match observed patterns of 
actual redd locations.  By lumping habitat quality types into broad categories, a lot of the 
uncertainty in 2D model predictions of local depth and velocity is eliminated.  The availability of 
a whole-river 2D model based on SRH-2D now enables a comprehensive census of the flow-
microhabitat relationship for the LYR. 
 
D2.  Mesohabitat Analyses 
 
Although it is often possible to empirically relate ecological function to microhabitat variables, 
doing so provides a limited understanding of how and why fluvial-ecological linkages are 
spatially related.  The term “mesohabitat” is defined as the interdependent set of the same 
physical variables over a discernible landform known as a morphological unit.  Three 
mesohabitat studies have been performed on the LYR, and of those, two nest the microscale 
requirements of instream species within the mesoscale context of an assemblage of 
morphological units. Those studies found that linking the mesoscale of morphological units to 
microhabitat characteristics, did help explain fluvial-ecological linkages better. 
 

U.S. Fish and Wildlife Service instream Flow Branch used an existing CDFG mapping 
scheme to field-map the mesohabitats for the LYR as it was prior to the 2005 and 2006 
floods (Gard, 2008).  The mesohabitats were not analyzed in and of themselves but were 
instead used to facilitate sampling of juvenile salmonids on a equal effort basis for each 
mesohabitat type. 
 
Moir and Pasternack (2008) used expert-based judgment and geomorphic concepts to map 
the morphological units at the Timbuctoo Bend Apex Riffle.  Then they used the 827 cfs 
FESWMS 2D model results to quantify the microhabitat hydraulics of the morphological 
units.  These results were lumped to the mesohabitat scale and integrated with observations 
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of salmon spawning in 2004-2005 to delineate preferred mesohabitats and characterize their 
hydraulics.  Analysis of the spatial pattern of flow was used to explain the structure of the 
mesohabitatts. 
 
Pasternack integrated the 2006 Timbuctoo Bend morphological unit map with mapped water 
depths and redd observations for fall 2006 to yield availability adjusted preferences for 
specific mesohabitats (i.e. forage ratios). 
 
The RMT has a protocol in place to create a morphological unit map for the entire LYR 
similar to the approach of Pasternack (2008).  Mesohabitats at specific discharges will be 
assessed for different lifestages. 

 
D3. Vegetation Patch Dynamics 
 

Beak Consultants, Inc (1989) compared their riparian map to anecdotal reports and pre-
existing riparian studies.  They reported that the amount of riparian vegetation has been 
increasing over the decades in response to flow regulation, but is still insufficient to support 
juvenile salmonids. 

 
E. River Management Actions 
 
For over 100 years people have been tinkering with the LYR to cope with the impacts of 
hydraulic mining sediments, flow regulation, and the unforeseen impacts of previous 
interventions into river conditions. 
 
Gilbert (1917) and James et al. (2009) presented information on some of the early historic 
activities. 
 
Activity between 1930-1990 has not been reconstructed. 
 
Most recently, the USACE performed a pilot gravel injection of 500 short tons of gravel and 
cobble into the Narrows II pool at the top of the EDR in November 2007.  Pasternack (2009) 
reported on what happened to that material through summer 2009.  In autumn 2009 the RMT 
mapped spawning redds on the injected sediment.  Presently, plans are under consideration for 
several river rehabilitation projects throughout the LYR. 
 
Conclusion 
 
The LYR has been thoroughly studied over the years.  Information exists on all aspects of 
geomorphology and its linkages to hydrology, hydraulics, and ecology.  Timbuctoo Bend is the 
most thoroughly studied reach.  Its fluvial geomorphic dynamics and underlying hydraulic 
mechanisms have been worked out and described in a series of peer reviewed journal articles.  
The RMT is planning to complete a suite of additional geomorphic observations by mid-2012 
that will answer the same questions for the rest of the river. 
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1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) affects stream flow. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that five agencies have jurisdiction over hydrology and the resources that could 
be potentially affected in the geographic area included in this study proposal:  1) the United 
States Department of Agriculture, Forest Service (Forest Service) on National Forest System 
(NFS) land; 2) United States Department of Interior, Fish and Wildlife Service (USFWS); 3) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 4) California Department of Fish and Game 
(CDFG); and 5) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to characterize various metrics of hydrologic alteration due to Project 
O&M. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 6.0, and in particular Sections 6.3 (Project Operations) and 6.4.1 (Current FERC Project 
License), of YCWA’s Preliminary Information Package (YCWA) describes current Project 
operations, including flow and ramping rate requirements.  Appendix F in the Preliminary 
Information Package includes extensive stream and reservoir hydrology data. 
 
4.1 Existing Information Available for Indicators of Hydrologic 

Alteration Analysis 
 
Provided below is a summary of existing “full range” regulated streamflow gage data on Project-
affected streams with a record of at least 20 years, and the period of available data. A 20-year 
minimum for continuous regulated streamflow data was selected per the recommendations of 
The Nature Conservancy (TNC) in their Indicators of Hydrologic Alteration (IHA) Version 7 
Users Manual (TNC 2007). A detailed description of IHA and its proposed use as part of this 
study is provided in Section 5. 
 
 Middle Yuba River below Our House Diversion Dam (USGS Gage 11408880 available from 

October 1, 1968 through October 1, 2008) 

 Oregon Creek Below Log Cabin Diversion Dam (USGS Gage 11409400 available from 
September 1, 1968 through September 1, 2008) 

 Middle Yuba River near North San Juan (USGS Gage 11410000 available from July 1, 1900 
through March 17, 2005) 

 North Yuba River below New Bullards Bar Dam (USGS Gage 11413520 available from 
August 13, 1966 through September 30, 2004) 

 Yuba River at Smartville (USGS Gage 11418000 available from October 1, 1941 through 
September 30, 2008) 

 Yuba River near Smartville (USGS Gage 11419600 available from October 3, 1960 through 
December 11, 2002) 
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 Yuba River near Marysville (USGS Gage 11421000 available from October 1, 1943 through 
September 30, 2008) 

 
In addition, synthesized regulated streamflow data have been developed by YCWA at several 
other locations.  YCWA anticipates using synthesized streamflow data for analysis under this 
study proposal at the following locations: 
 
 Yuba River below confluence with Middle Yuba River (from October 1, 1969 through 

September 30, 2008) 

 Yuba River below New Colgate Powerhouse (from October 1, 1969 through September 30, 
2008) 

 Yuba River below confluence with Deer Creek (from October 1, 1969 through September 30, 
2008) 

 
4.2 Existing Information Available for Flood Frequency Analysis 
 
Annual peak instantaneous flow rates are available at the stream gage locations listed below.  
These data can be used to generate flood recurrence intervals using statistical methods. 
 
 Middle Yuba River below Our House Diversion Dam (USGS Gage 11408880 from water 

years (WY) 1969 through 2008) 

 Oregon Creek Below Log Cabin Diversion Dam (USGS Gage 11409400 from WY 1969 
through 2008) 

 North Yuba River below Goodyears Bar (USGS Gage 11413000 from WY 1931 through 
2008) 

 North Yuba River below New Bullards Bar Dam (USGS Gage 11413520 from WY 1967 
through 2004) 

 Yuba River at Smartville (USGS Gage 11418000 from WY 1942 through 2008) 

 Yuba River at Marysville (USGS Gage 11421000 from WY 1944 through 2008) 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) the portion of 
the Yuba River from the confluence of the North and Middle Yuba rivers to the Feather River, 
including USACE’s Englebright Reservoir. 
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If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Methods 
 
The study will be completed in six steps, each of which is described below. 
 
5.3.1 Step 1 – Ramping Rate Analysis 
 
YCWA will analyze 15 minute data from WYs 1970 through 2008 below the New Colgate and 
Narrows 2 powerhouses and 1-hour data for WYs 1970 through 2008 below the Log Cabin and 
Our House diversion dams.  YCWA’s existing FERC license includes ramping rate limitations at 
one location - below Narrows 2 Powerhouse. 
 
An exceedance probability of change in flow and stage in 15 minute and 1hour intervals for the 
New Colgate and Narrows 2 powerhouses and 1 hour interval for the Log Cabin and Our House 
diversion dams as measured at the nearest stream gage below the facility will be calculated for 
up-ramps and down-ramps as observed during the period of record.  The greatest hourly rate of 
change in flow for the largest 10 rate-of-change events will also be provided to illustrate change 
events.  For the 10 largest events, 24-hour hydrographs with descriptions of event conditions will 
be provided.  
 
Flow change events will be separated into controlled and uncontrolled conditions for 
comparison, where controlled conditions are defined as time periods when YCWA has full 
control of downstream flow and ramping. 
 
5.3.2 Step 2 - Spill Analysis 
 
YCWA will compute the magnitude, duration, and volume of historical spill events below the 
following dams: 
 
 North Yuba River – New Bullards Bar Dam 

 Middle Yuba River – Our House Diversion Dam 

 Oregon Creek – Log Cabin Diversion Dam 

 Yuba River – Englebright Dam 
 
In addition to this cataloging, YCWA will calculate the starting storage condition that would 
have been necessary to prevent these spill events, based on the total volume of spilled water.  
This hypothetical storage condition will be compared to typical storage targets for the time 
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period spills occurred.  Since neither USACE’s Englebright Reservoir nor the Log Cabin Dam or 
Our House Diversion Dam impoundments have flood management responsibilities, only New 
Bullards Bar Reservoir will be evaluated. 
 
5.3.3 Step 3 - Indicators of Hydrologic Alteration (IHA) Analysis 
 
In order to assess the impacts of flow regulation on Project-affected streams, flow characteristics 
will be computed and comparison tables prepared for the regulated and unimpaired flow 
condition on the stream locations listed in Section 4.1.  The IHA methodology will be applied 
(Richter et al. 1996).  Richter suggests that the hydrologic attributes of a stream can be described 
by five fundamental groups of statistics.2 
 
 Group #1: Magnitude of monthly water conditions 

 Group #2: Magnitude and duration of annual extreme water conditions 

 Group #3: Timing of annual extreme water conditions 

 Group #4: Frequency and duration of high and low pulses 

 Group #5: Rate and frequency of change in water conditions 
 
Statistics will be computed for the five IHA Groups using IHA Version 7.1, a software package 
developed by Totten Software Design and Smythe Scientific Software.  Statistics will be further 
aggregated into five water year type categories (critical, dry, below normal, above normal and 
wet; Yuba River Index year-types per SWRCB RD-1644).  IHA is generally used to calculate 
statistics for pre-project and post-project conditions using a continuous gage record.  If adequate 
pre-project data are not available for analysis, developed unimpaired hydrology can be joined 
with existing regulated-condition data to create a record long enough for IHA analysis.  When 
this is done, the first half of the record used for IHA analysis contains simulated without-project 
flows, and the second half includes historical gaged flows under regulated conditions.  Since the 
Yuba River watershed has been regulated long before the Project was constructed, and the 
Project has been subjected to multiple sets of regulatory conditions, several adjustments to the 
standard IHA procedure will be used.  Those adjustments are as follows: 
 
 Because the reaches to be analyzed have experienced flow regulation well before the 

Relicensing Hydrology Period of Record, in most cases extending to the term of the gaging 
records, the inflow hydrology data (developed for Water Years 1970-2008) will be used to 
analyze without-Project conditions.3 

                                                 
2  IHA Version 7 includes additional parameters called Environmental Flow Components (EFC.)  Licensee will use the five 

groups of statistics listed above to analyze hydrologic variability, but do not propose to utilize or provide the output from the 
newer EFC module of IHA. 

3  To create the record for IHA analysis, the simulated inflow record for the 1970-2008 WY period will be falsely dated for the 
WY 1931-1969 pre-project period, and IHA will be run to analyze a flow record from 1931 through 1969, providing 39 years 
of data representing both with- and without-project conditions. Although the historical WY 1931-1969 period did not 
experience the same frequency and distribution of water years as the WY 1970-2008 period, this approach provides a 
reasonable comparison of hydrologic attributes for with- and without-regulation conditions. 
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 Since the project has been subject to several different regulatory conditions since its initial 
license, historical regulated conditions from prior to the implementation of the most recent 
regulatory conditions are not representative of the Project’s current effect on Yuba River 
hydrology.  Accordingly, the Water Balance-Operations Model (described in Study 2.2) will 
be used to simulate a consistent period of record using the Relicensing Hydrology Period of 
Record to reflect the current regulated condition of the project. 

 
5.3.4 Step 4 - Flood Frequency Analysis 
 
YCWA will develop flood frequency curves utilizing annual peak flow data at the locations 
listed in Section 4.2. These curves will be generated using PeakFQ, a software package 
developed by the United States Geological Survey which provides estimates of instantaneous 
annual-maximum peak flows for a range of recurrence intervals using a Pearson Type III 
(logarithmic) frequency distribution (Flynn et al. 2006).  The parameters of the Pearson Type III 
frequency curve are estimated by the logarithmic sample moments (i.e., mean, standard 
deviation, and coefficient of skewness) with adjustments for low outliers, high outliers, historic 
peaks, and generalized skew. Data for this analysis will be the series of annual instantaneous 
peak flows for the period of record of each gage listed in Section 4.2. As sample size warrants at 
each streamflow gage, standard recurrence interval flows will be reported including 1.5, 2, 2.33, 
5, 10, 25, 50, 100, 200, and 500 years. 
 
Flood peaks, defined as significant storm or spring runoff events will be characterized for three 
time periods, the fall, winter and spring seasons. For these three seasons the following items will 
be tabulated for the three hydrologic data set described in the Water Balance/Operations Model 
Study Plan: 
 
 Average and median peak magnitude 
 Minimum and maximum peak magnitude 
 Number of fall and winter flood events per season (no snowmelt) 
 
For the snowmelt season the median of the Julian data of the peak and an approximation of the 
seasonal duration of the snowmelt runoff season will be determined. 
 
5.3.5 Step 5 - Data Quality Assurance/Quality Control 
 
All data, including both input data and output data, will undergo a quality assurance/quality 
control (QA/QC) procedure, and then will be entered into and organized in both Excel and HEC-
DSS formats, where applicable, and will be made available to the Relicensing Participants.  IHA 
data will be presented in their standard output format. 
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5.3.6 Step 6 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
This study proposal does not include any study-specific consultation requirements. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Ramping Rates at Select Conveyance Reaches (Step 1) ........................ October – November 2011 
Spill Cataloging (Step 2) ......................................................................... October – November 2011 
Indicators of Hydrologic Alteration (Step 3) ................................................................ August 2012 
Indicators of Flood Frequency Analysis (Step 4) ........................................................ January 2012 
Data Quality Assurance/Quality Control (Step 5) .................................... August 2011 – June 2012 
Prepare Report (Step 6) ................................................................................. July – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
IHA and PeakFQ are widely used hydrologic assessment tools and are endorsed by several state 
and federal agencies. All other analyses will be conducted using best available scientific 
practices 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $25,000 and 
$35,000. 
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Study 2.2 

WATER BALANCE/OPERATIONS MODEL 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (YRDP or Project) affects storage in reservoirs 
and stream flow. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that five agencies have jurisdiction over hydrology and the resources that could 
be potentially affected in the geographic area included in this study proposal:  1) the United 
States Department of Agriculture, Forest Service (Forest Service) on National Forest System 
(NFS) land; 2) United States Department of Interior, Fish and Wildlife Service (USFWS); 3) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 4) California Department of Fish and Game 
(CDFG); and 5) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to develop a water balance/operations model that can be used by all 
Relicensing Participants during the Relicensing to simulate current and potential future 
operations of the Project. 
 
The objective of the study is to develop the model in a fashion that results in all interested 
Relicensing Participants agreeing the model is reasonably reliable for the purposes of 
Relicensing, and agreeing to use this single Water Balance/Operations Model to make 
Relicensing recommendations. 
 
Study primary objectives include developing a model that simulates Project O&M for a period of 
analysis that covers a range of hydrologic conditions.  The model should: 
 
 Address operational decisions made during Project O&M including: flood control; water 

supply; recreation; stream flows; and hydropower generation. 

 Accurately reproduce observed reservoir levels, reservoir releases, and hydropower 
generation, within acceptable calibration standards over a range of hydrologic conditions. 

 Provide output to inform other studies, analyses, and models. 

 Allow simulation of changes in Project O&M to determine effects on reservoir levels, 
reservoir releases and hydropower generation. 

 
Development of PM&E measures is not part of the study. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWA believes adequate information exists to develop a Water Balance/Operations Model that 
meets the above study goal.  These data are located in Appendix G, Hydrology Data, of 
YCWA’s Pre-Application Document (YCWA 2010).  The data include area-storage-elevation 
information for each Project reservoir, historical operations data on reservoir storage, release, 
power generation, and observed flows downstream of the Project.  The existing Federal Energy 
Regulatory Commission (FERC) license, 1965 Agreement with the California Department of 
Fish and Game (CDFG), State Water Resources Control Board (SWRCB)  Revised Decision 
1644 (RD-1644) and the Lower Yuba River Accord agreement specify historical and existing 
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flow requirements throughout the lower Yuba River and Project area.  The United States Army 
Corps of Engineer’s (USACE) Water Control Manual for New Bullards Bar Reservoir specifies 
flood control requirements and operations.  Information on physical capacities of the reservoirs, 
outlets, and powerhouses is known by YCWA.  
 
In 2001, YCWA developed an operations model of the Project to support water management and 
operational decisions.  The model was subsequently improved for use by the participants of the 
Lower Yuba River Accord process, was reviewed by several of the participating party’s experts, 
and was used to evaluate alternative hydrology scenarios for the Lower Yuba River Accord 
Environmental Impact Report (EIR).  The model used for the Lower Yuba River Accord will not 
meet the goals of this relicensing study because 1) it uses a monthly timestep; 2) it does not 
simulate fluctuations in USACE’s Englebright Reservoir, and 3) does not simulate operations at 
the Log Cabin and Our House diversions dams. 
 

4.0 Study Methods and Analysis 
 
This study includes the development of a Water Balance/Operations Model (model) for use in 
simulating Project operations and determining flows resulting from both current Project 
operations and alternative Project operations. 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedure 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods2 
 
The study methods will consist of five steps: 1) model development; 2) model validation; 3) base 
case development; 4) model documentation; and 5) final report.  Each step is described below. 
 
5.3.1 Step 1 – Develop Model 
 
The model will simulate Project operations for a 39-year Relicensing hydrology period of record, 
which extends from Water Year (WY) 1970 through WY 2010.  This period of record was 
chosen due to the availability of daily flow data for all major Project tributaries from United 
States Geological Survey (USGS) gages.  This period of record includes the driest year on record 
(1977), an extended drought (1987 through 1992), and the wettest year on record (1983).  The 
model will include hydrologic inputs from the following locations: 

 North Yuba River above Goodyears Bar 

 Slate Creek below South Feather Water and Power Agency’s South Feather Power Project’s  
Slate Creek Diversion Dam 

 Oregon Creek above Log Cabin Diversion Dam 

 Middle Yuba River above Our House Diversion Dam 

 South Yuba River above Jones Bar 

 Deer Creek below Nevada Irrigation District’s Lake Wildwood Dam  

 Dry Creek near its confluence with the Yuba River 

 Accretions from ungaged tributaries below gaged locations to New Bullards Bar Reservoir, 
USACE’s Englebright Reservoir, and the lower Yuba River 

 
Initial development of the inflow hydrology is described in the Appendix G, Hydrology Data, of 
YCWA’s Pre-Application Document (YCWA 2010). YCWA shall convene one or more 
technical meetings to review and adjust if needed, the details of Yuba River Development 
Project hydrology development to reach consensus with interested relicensing participants on the 
methods applied for this project. 
 
The model will include simulation of the following Yuba River Development Project facilities: 
 
 New Bullards Bar Reservoir 

 New Colgate Powerhouse 

 Log Cabin Diversion Dam 

                                                 
2  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants. 
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 Our House Diversion Dam 

 Camptonville Diversion Tunnel 

 Lohman Ridge Diversion Tunnel 

 Narrows 2 Powerhouse 

 
Additionally, the model will simulate USACE’s Englebright Reservoir and Pacific Gas and 
Electric Company’s (PG&E) Narrows 1 Powerhouse operations and diversions at USACE’s 
Daguerre Point Dam.  While these facilities are not a part of the Yuba River Development 
Project, they play a role in determining operations of Yuba River Development Project facilities. 
 
As the primary facility of the Project, operations of New Bullards Bar Reservoir will be the focal 
point of the model.  Simulation of New Bullards Bar Reservoir operations will include the 
following considerations: 
 
 Flood management operations at New Bullards Bar Reservoir 

 Flood management operations at USACE’s Englebright Reservoir 

 Seasonal reservoir storage management at New Bullards Bar Reservoir 

 Weekly and daily reservoir storage management at USACE’s Englebright Reservoir 

 Yuba River flow requirements 

 Agricultural diversions to YCWA Member Units (MU) at USACE’s Daguerre Point Dam 

 Power Generation at the New Colgate Powerhouse 

 
The model will include the capability of operating for an end-of-September carryover-storage 
target in New Bullards Bar Reservoir by managing reservoir releases and by applying 
deficiencies to agricultural deliveries at USACE’s Daguerre Point Dam.   
 
In addition to being able to simulate operations for flow requirements from any of the various 
controlling documents, the model will include both the Yuba River Index (YRI) and North Yuba 
Index (NYI) since these are the two primary hydrologic indices used by RD-1644 and the Yuba 
River Accord for determining their respective water year types and for in-stream flow schedules.  
The YRI is solely based on the computed unimpaired flow of the Yuba River, but the NYI is 
dependent on end-of-September New Bullards Bar Reservoir storage, so reservoir operations of 
any year could affect the NYI for the following year and beyond.   
 
The model will also be able to compute power generation at the New Colgate, Narrows 2 and 
Narrows 1 powerhouses resulting from Project operations.  The model will include the capability 
of reflecting operations to shape power generation to meet energy demands.  If needed, post-
processing of daily model output could be developed to simulate hourly operations of the New 
Colgate and Narrows 2 powerhouse to simulate inter-day variations in releases from these 
powerhouse. 
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YCWA intends to collaborate with Relicensing Participants on certain aspects of model 
development and to consult/advise Relicensing Participants of the more basic elements of the 
model.  Much of the work to prepare a basic model platform has been completed, and YCWA 
intends to provide interested Relicensing Participants with detailed information about these 
efforts, model basics, and justification for model representation of physical and operational 
aspects of the Project.  These early efforts are intended to complete the foundational platform for 
the model to accurately represent the current physical configuration of the Project, Yuba River 
hydrology, and existing operational conditions.  Concurrent with this work, YCWA intends to 
collaborate with Relicensing Participants on the more variable, discretionary elements of project 
operations, model output and additional post-processing needs for refined analysis and 
information. 
 
Approach to Modeling Critical Project Elements 
 
To accurately simulate operations of the Project, several critical elements of project operations 
outlined above require special consideration. The proposed approaches to representing these 
elements in the model are described as follows: 
 
Carryover Storage In New Bullards Bar Reservoir 
Stored water in New Bullards Bar Reservoir must be preserved for subsequent year drought 
protection to ensure sufficient water to meet instream flows and local irrigation deliveries.  
YCWA’s approach to carryover storage determination and operations to preserve stored water 
for carryover are based on a shortage risk policy that uses exceedance probability of drought 
conditions. 
 
To protect against multi-year droughts, simulation of New Bullards Bar Reservoir will include a 
Carryover Storage target for the end of September each year.  If simulated end-of-September 
(EOS) New Bullards Bar reservoir storage falls below the Carryover Storage target, Daguerre 
Point Dam diversions would be reduced.  To achieve the desired Carryover Storage the model 
will iterate, cutting Daguerre Point Dam diversions, until the Carryover Storage target is met, as 
long as Daguerre Point Dam diversions do not drop to less than 50% of demand. 
 
The Carryover Storage target volume is computed to ensure the subsequent year will have 
sufficient water supply to meet Yuba Accord flow requirements and 50% of Daguerre Point Dam 
diversion demands, assuming the volume of inflow to the Project is greater than or equal to 
inflows corresponding to a 1 in 100 occurrence drought.   
 
Yuba Accord Index and Schedule Determination 
The Yuba Accord includes a determination of the North Yuba Index, which includes the amount 
of active stored water at the beginning of a water year (amount of stored water above the License 
minimum storage on September 30th).  Because the amount of water stored in New Bullards Bar 
Reservoir at the beginning of a water year is affected by the previous year(s) operations, a series 
of historical indices and year types cannot be predetermined for modeling purposes, and must 
instead be calculated based on the simulation result of the preceding water year. 
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The model will use the previous year’s New Bullards Bar Reservoir EOS storage with the 
current year’s New Bullards Bar Reservoir inflows to compute the North Yuba Index and the 
corresponding flow schedule.  While the Yuba Accord describes a methodology for forecasting 
inflows, the model will include perfect foresight of reservoir inflows for the water year.  The 
computed North Yuba Index and flow schedule will be used from April 1 of the current water 
year through March 30 of the following water year.   
 
Systematic Changes to Inflow Hydrology due to Upstream Project Operations 
Project inflow hydrology is significantly affected by the upstream facilities of the South Feather 
Power Project, the Yuba-Bear Project and the Drum-Spaulding Project.  These projects all divert 
substantial amounts of water from the Yuba River watershed.  All of these diversions are 
upstream of all Yuba River Development Project facilities and almost none of the water that is 
diverted by these projects ever flows back into the Yuba River.  These diversions therefore will 
significantly impact the amounts of water that will be available to meet minimum instream-flow 
requirements in the Yuba River downstream of USACE’s Englebright Dam. 
 
These upstream projects have operated on continuous and consistent bases during the entire 
Yuba River Development Project period of record.  Because of these continuous and consistent 
historical operations, the historical hydrology for inflows into the Yuba River Development 
Project area accurately represents the effects of these upstream projects’ operations under current 
conditions.  
 
For this Study 2.2, YCWA will utilize results from the modelings of the upstream projects’ 
operations that have been done for these projects’ FERC relicensings.  Outputs from these 
modelings provide the amounts of water that flow into the Yuba River Development Project area 
from each of these projects under the projects’ current operations.  The amounts of water that 
would flow from the area of each of these projects into the Yuba River Development Project area 
under natural conditions also were calculated by these modelings, and can be used to quantify 
these projects’ impacts on Yuba River Development Project hydrology. 
 
The FERC relicensing processes for these upstream projects may, through new license 
conditions, result in changes in these projects’ operations or releases.  To model the effects of 
potential changes in operations of these upstream projects on Yuba River Development Project 
operations, YCWA will use a modeling method that will apply the resulting changes in flows due 
to upstream project operational changes to the historical inflow time series at the appropriate 
gage locations.   
 
YCWA’s modeling also will be able to analyze the impacts of these upstream projects on 
YCWA’s ability to implement potential new minimum instream-flow requirements in the Yuba 
River downstream of USACE’s Englebright Dam.   
 
After the impacts of the upstream projects and proposed changes in their future operations on 
Yuba River Development Project hydrology have been quantified, these hydrological changes 
may be further analyzed to determine these upstream projects’ impacts on specific resources 
such as fish habitat, water quality, and stream morphology. 
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Intra-day Peaking Operations of Colgate Powerhouse 
Historically Colgate Powerhouse has operated on both a weekday peaking schedule and an 
hourly peaking schedule, as well as concurrently providing ancillary services, which can affect 
releases and generation on a time period as short as ten minutes. Under non-flood conditions, 
water management is generally done on a weekly basis. Through weekly power generation 
factors, the model will skew the daily power generation pattern while maintaining the weekly 
release volume.  This would allow the model to simulate a weekday-weekend power generation 
cycle, where weekday generation was emphasized over weekend generation.   
 
The water balance/operations model runs on a daily time step and cannot directly simulate 
shorter time period power operations. To simulate the range, rate of change and occurrence of 
flows within a day, post-processing of the water balance/operations model output will be 
accomplished using Excel spreadsheets to apply hourly or 15 minute patterns to the daily flows 
for a representative period of interest. 
 
Englebright Coordinated Operations 
Englebright Reservoir and New Bullards Bar Reservoir are operated conjunctively to meet 
YCWA and PG&E regulatory instream flow requirements, flood management, irrigation 
deliveries and power demands.   
 
As previously mentioned, weekly power generation factors will be used to weight generation on 
certain weekdays over others.  Since Englebright Reservoir is operated to maintain relatively 
consistent flows on the lower Yuba River below Englebright Dam, variations in power 
generating flows from Colgate Powerhouse would be reflected as changes in storage at 
Englebright Reservoir.  As such, the model will operate Colgate Powerhouse to maintain 
Englebright Reservoir storage within a defined, limited range.  The model will adjust Colgate 
Powerhouse releases as necessary to begin and end each week at the same Englebright Reservoir 
storage. 
 
Power generation releases from Englebright Reservoir can be made through either the Narrows 1 
or Narrows 2 powerhouses or both.  The model will have three simulation modes for splitting 
Englebright Reservoir releases between the two powerhouses: No Split, Current Contract, and 
Post Relicensing. 
 
Under the No Split mode, all available Narrows 2 Powerhouse capacity would be used before 
releases were made through the Narrows 1 Powerhouse.  Under the Current Contract mode, the 
order is reversed, and all Narrows 1 Powerhouse capacity would be used before any releases 
were made through the Narrows 2 Powerhouse.  Under the Post-Relicensing mode, natural 
inflows to Englebright Reservoir would be released through the Narrows 2 Powerhouse up to 
YCWA’s water rights.  Releases above YCWA’s water rights would be made through the 
Narrows 1 Powerhouse.  If needed, any additional releases could be made through the remaining 
capacity of Narrows 2 Powerhouse. 
 
In addition to previously-described output, the model will provide output for the locations listed 
in Table 5.3.1-1. 
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Table 5.3.1-1.  Water Balance/Operations Model output locations. 
River Mile Location Units Source of Data 

MIDDLE YUBA RIVER 
OUR HOUSE DIVERSION DAM REACH1 

-- 
Upstream Inflow into Our House 
Diversion Dam Impoundment 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- Lohman Ridge Tunnel Intake Mean Daily Flow Model Output 

11.9 
Total Flow Downstream of 
Our House Diversion Dam 

Mean Daily Flow Model Output 

4.6 
Middle Yuba River Upstream of 
Oregon Creek Confluence 

Mean Daily Flow Model Output 

4.6 
Middle Yuba River Downstream of 
Oregon Creek Confluence 

Mean Daily Flow Model Output 

0.0 
Middle Yuba River Upstream of 
North Yuba River Confluence 

Mean Daily Flow Model Output 

ORGON CREEK 
LOG CABIN DIVERSION DAM REACH2 

-- 
Upstream Inflow into Log Cabin 
Diversion Dam Impoundment 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- 
Camptonville Tunnel Intake 
(USGS Gage 11409350) 

Mean Daily Flow Model Output 

4.1 
Total Flow Downstream of 
Log Cabin Diversion Dam 

Mean Daily Flow Model Output 

0.0 
Oregon Creek Upstream of 
Middle Yuba River Confluence 

Mean Daily Flow Model Output 

NORTH YUBA RIVER 
NEW BULLARDS BAR DAM REACH3 

-- 
Upstream Inflow into New Bullards Bar 
Reservoir 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- New Bullards Bar Reservoir  
Mean Daily 
Reservoir Elevation 

Model Output 

-- Colgate Power Tunnel Intake Mean Daily Flow Model Output 

2.4 
New Bullards Bar Dam 
Instream Release  
(Min Flow Powerhouse) 

Mean Daily Flow Model Output 

2.4 New Bullards Bar Dam Spill Mean Daily Flow Model Output 

2.4 
Total Flow Downstream of 
New Bullards Bar Dam 

Mean Daily Flow Model Output 

0.0 
North Yuba River Upstream of 
Middle Yuba River Confluence 

Mean Daily Flow Model Output 

YUBA RIVER 
NORTH AND MIDDLE YUBA RIVER CONFLUENCE REACH4 

39.5 
Yuba River at North and Middle Yuba 
River Confluence 

Mean Daily Flow Model Output 

34.0 
Yuba River to  
New Colgate Powerhouse 

Mean Daily Flow Model Output 
YUBA RIVER 

NEW COLGATE POWERHOUSE REACH5

34.0 
Yuba River Downstream of 
New Colgate Powerhouse 

Mean Daily Flow Model Output 

32.8 
Inflow into Englebright Reservoir from 
Middle Yuba River 

Mean Daily Flow Model Output 

YUBA RIVER 
ENGLEBRIGHT DAM REACH6 

-- 
Inflow into Englebright Reservoir from 
South Yuba River 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- Englebright Reservoir 
Mean Daily 
Reservoir Elevation 

Model Output 

24.0 Englebright Dam Spill Mean Daily Flow Model Output 
23.9 Narrows 2 Powerhouse Release Mean Daily Flow Model Output 
23.8 Narrows 1 Powerhouse Release Mean Daily Flow Model Output 
23.6 Yuba River Near Smartville Mean Daily Flow Model Output 
23.0 Yuba River Upstream of Deer Creek Mean Daily Flow Model Output 
23.0 Deer Creek Inflow Mean Daily Flow Synthetic and Historical Flows from USGS Gages
13.3 Yuba River Upstream of Dry Creek Mean Daily Flow Model Output 
13.3 Dry Creek Inflow Mean Daily Flow Synthetic and Historical Flows from USGS Gages
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Table 5.3.1-1.  (continued) 
River Mile Location Units Source of Data 

YUBA RIVER 
ENGLEBRIGHT DAM REACH6 (continued) 

13.3 
Yuba River Downstream 
of Dry Creek 

Mean Daily Flow Model Output 
11.4 North Canal Diversions Mean Daily Flow Model Output 
11.4 South Canal Diversions Mean Daily Flow Model Output 
11.4 Yuba River below Daguerre Point Dam Mean Daily Flow Model Output 
6.0 Yuba River near Marysville  Mean Daily Flow Model Output 
0.0 Yuba River Upstream of Feather River Mean Daily Flow Model Output 

1 Our House Diversion Dam Reach - Middle Yuba River from Our House Diversion Dam to immediately upstream of the confluence with the 
North Yuba River. 

2 Log Cabin Diversion Dam Reach - Oregon Creek from Log Cabin Diversion Dam to immediately upstream of the confluence with the Middle 
Yuba River. 

3 New Bullards Bar Dam Reach - North Yuba River upstream of the confluence with the Middle Yuba River 
4 North and Middle Confluence Reach - Yuba River from the confluence of the North Yuba River and the Middle Yuba River to upstream of 

Colgate Powerhouse. 
5 Colgate Powerhouse Reach - Yuba River from the Colgate Powerhouse to the normal maximum water surface elevation of Englebright 

Reservoir. 
6 Englebright Dam Reach - Yuba River from and including Englebright Reservoir to Daguerre Point Dam. 
7 Daguerre Point Diversion Dam Reach - Yuba River from the Daguerre Point Dam to the Feather River. 

 
 
The model will incorporate storage targets for New Bullards Bar and USACE’s Englebright 
reservoirs to simulate the decision process used to manage storage at times when the facilities are 
not operating to meet regulatory flow requirements. 
 
The Model will also require the ability to simulate stored water transfers from New Bullards Bar 
Reserovir through an increase in flow at USGS’s Marysville gage and a decrease in New 
Bullards Bar Reservoir storage on a user-defined schedule as water transfers have historically 
had a significant effect on Project operations. 
 
5.3.2 Step 2 – Validate Model 
 
A simulation of multiple water years will be executed in the model using flow requirements, 
diversion demands, starting reservoir storage, and hydrologic conditions corresponding to those 
years.  YCWA will evaluate the model by comparing the simulation output to the historical 
record for the corresponding years.  Significant differences between historical conditions and 
model runs will be examined, and the causes of any differences will be identified and 
documented.  Key locations for validation of the model will be as follows: 
 
 End-of-Day New Bullards Bar Reservoir storage 

 Daily average releases from the New Colgate Powerhouse 

 Daily average Middle Yuba River flow below Our House Dam 

 Daily average Yuba River flow at Smartville 

 Daily average Yuba River flow at Marysville 

 
The validation simulations will be reviewed by YCWA staff and consultants with historical 
experience in operating the Project to ensure consistency and reasonableness of simulation logic 
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with Project operations.  Any unexplainable variations will result in an examination and revision 
of model logic or input. 
 
5.3.3 Step 3 – Develop Base Case Simulation 
 
Using current regulatory requirements and agreements, diversion demands, and historical storage 
at the start of the simulation period of record, a base case simulation for project operations will 
be developed.  Flows resulting from upper watershed projects to the Project area will be 
historical flows for the period of record as reflected in the Project inflow hydrology. 
 
The underlying assumption is that this base case represents the “No Action Alternative.”  A full 
description of the Base Case setting will be prepared and distributed.  YCWA intends that all 
subsequent model runs be compared to the Base Case run. 
 
5.3.4 Step 4– Develop Draft Model Development Report 
 
Concurrent with model development, YCWA will develop a Model Development Report 
describing the basic logic and major assumptions associated with the model.  While the Model 
Development Report does not need to describe every decision made in developing the model, it 
will be complete enough so that a user unfamiliar with the Project, but relatively familiar with 
operations modeling, could review model output and understand the logic behind most Project 
operations decisions.  Discussion of model assumptions will include facility capacities and other 
physical Project constraints. 
 
YCWA will meet with interested Relicensing Participants to review the model during model 
validation, before the Model Development Report is complete.  This will include at least one 
meeting to generally introduce Relicensing Participants to the model.  Once the draft model 
validation report has been presented and discussed with Relicensing Participants, YCWA will 
finalize the Validation and Model Development Reports as described in Section 5.3.5.  
Relicensing Participants will be given a CD with an executable version of the model, the Model 
Development Report describing all model input and logic including priorities, and the Model 
Validation Report.  After a reasonable time for review, YCWA will hold a series of workshops 
with interested Relicensing Participants to collaboratively review the Model. 
 
5.3.5 Step 5 – Prepare Final Model and Model Development and Validation 

Report 
 
In the last task, YCWA will finalize the model, and the Model Development and Validation 
reports, including a report describing development and rationale for the base case, and provide 
these, along with the model (on CD) configured to the base case, to Relicensing Participants. 
 
Making runs of the model once the model has been fully calibrated and validated is not part of 
this study. 
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5.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 YCWA will meet with interested Relicensing Participants to review the model.  This will 

include a meeting to generally introduce Relicensing Participants to the model.  At that 
meeting, Relicensing Participants will be given a CD with an executable version of the 
model, the Model Development Report describing all model input and logic including 
priorities, and the Draft Model Validation Report.  After a reasonable time for review, 
YCWA will hold a series of workshops with interested Relicensing Participants to 
collaboratively review the Model. (Step 4.)   

 

6.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Develop Model (Step 1) ............................................................................................... October 2011 
Validate Model (Step 2) .......................................................................... October 2011 – May 2012 
Develop Base Case (Step 3) ....................................................................................May – July 2012 
Develop Draft Model Development Report (Step 4) .............................. October 2011 – June 2012 
Prepare Reports (Step 5) ............................................................................... July – September 2012 
 

7.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The model platform used in support of the Project Relicensing will be selected from a list of 
model platforms used in other Relicensing processes.  Model development, including validation 
and model application will be conducted in accordance with generally accepted scientific 
practices. 
 

8.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $200,000 and 
$250,000.  
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Study 2.3 

WATER QUALITY 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect water 
quality.  Hydroelectric facilities control the timing and magnitude of flow delivered to stream 
channels and residence time of water within Project impoundments; these hydrologic factors 
define the physical, chemical and biological characteristics of water within the Yuba River 
watershed.  Recreational uses at Project reservoirs and facilities have the potential to impact 
water quality through human contact. 
 
Water temperature is not addressed in this study but in two separate studies: Water Temperature 
Monitoring and Water Temperature Modeling.  Additionally, consistency of water quality with 
methylmercury fish tissue objectives is addressed in a separate study: Bioaccumulation.  
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
YCWA believes that five agencies have jurisdiction over water quality and the resources that 
could be potentially affected in the geographic area included in this study proposal:  1) the 
United States Department of Agriculture, Forest Service (Forest Service) on National Forest 
System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) United States Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service (NMFS); 4) California Department of Fish 
and Game (CDFG); and 5) State Water Resources Control Board, Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction and management direction, as 
understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
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NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goals of this study are: 1) to characterize existing water quality conditions in Project 
reservoirs and Project-affected reaches of the North, Middle and mainstem Yuba rivers and 
tributaries including Oregon Creek, 2) to determine consistency with state and federal water 
quality objectives, standards, and criteria, and 3) to identify potential Project O&M related 
causes for Basin Plan Objectives and Beneficial Use protections to not be met.   
 
The objective of the study is to collect water quality data adequate to meet the study goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Available information consists of existing regulatory plans and advisories for the watershed, as 
well as water quality data collected to date in the project area. 
 
4.1 Regulatory Status for Surface Water and Fish the Project Area 
 
4.1.1 The Basin Plan 
 
Water Quality Objectives and Beneficial Use Designations for Project reservoirs and Project 
affected stream reaches are established in Central Valley Regional Water Quality Control 
Board’s (CVRWQCB) Water Quality Control Plan (Basin Plan) for the Sacramento and San 
Joaquin Rivers, the fourth edition of which was initially adopted in 1998 and most recently 
revised in 2007 (CVRWQCB 1998).  The Yuba River Development Project and the area 
downstream of the Project falls within two Basin Plan Hydro Units: Hydro Unit 517, which 
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includes New Bullards Bar Reservoir, and Hydro Unit 515.3, which includes the Yuba River 
from the United States Army Corp of Engineers’ (USACE) Englebright Dam to the Feather 
River.  Designated beneficial uses of surface water were excerpted from the Basin Plan and are 
shown by Hydro Unit in Table 4.1.1-1. 
 
Table 4.1.1-1.  Beneficial uses of surface water within the Yuba River Development Project and the 
area downstream as designated by Hydro Unit (HU) in the Basin Plan (CVRWQCB 1998). 

Designated Beneficial Use 
Description from Basin Plan, Section II 

Designated Beneficial Use 
by Hydro Unit from Basin Plan, Table II-1 

Use 

Sources to 
USACE’s 

Englebright 
Reservoir  

USACE’s 
Englebright Dam to 

Feather River 

HU 517 HU 515.3 

Municipal and 
Domestic Supply 
(MUN) 

Uses of water for community, military or individual 
water supply systems including, but not limited to, 
drinking water supply. 

MUNICIPAL 
AND 

DOMESTIC 
SUPPLY 

Existing -- 

Agricultural 
Supply (AGR) 

Uses of water for farming, horticulture, or ranching 
including, but not limited to, irrigation (including 
leaching of salts), stock watering, or support of 
vegetation for range grazing. 

IRRIGATION Existing Existing 

STOCK 
WATERING 

Existing Existing 

Industry 

Uses of water for industrial activities that depend 
primarily on water quality. 

INDUSTRIAL 
PROCESS 
SUPPLY 
(PROC) 

-- -- 

Uses of water for industrial activities that do not 
depend primarily on water quality including, but 
not limited to, mining, cooling water supply, 
hydraulic conveyance, gravel washing, fire 
protection, or oil well repressurization. 

INDUSTRIAL 
SURVICE 

SUPPLY (IND) 
-- -- 

Hydropower generation 
POWER 
(POW) 

Existing Existing 

Water Contact 
Recreation 
(REC-1)  

Uses of water for recreational activities involving 
body contact with water, where ingestion of water 
is reasonably possible.  These uses include, but are 
not limited to, swimming, wading, water skiing, 
skin and scuba diving, surfing, white water 
activities, fishing, or use of natural hot springs. 

CONTACT Existing Existing 

CANOEING 
AND 

RAFTING* 
 

Existing Existing 

Non-Contact 
Water 
Recreation 
(REC-2) 

Uses of water for recreational activities involving 
proximity to water, but where there is generally no 
body contact with water, nor any likelihood of 
ingestion of water.  These uses include, but are not 
limited to, picnicking, sunbathing, hiking, beach-
combing, camping, boating, tide-pool and marine 
life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 

OTHER NON-
CONTACT 

Existing Existing 

Freshwater 
Habitat 

Uses of water that support warm water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or  
wildlife, including invertebrates. 

WARM1,2 -- Existing 

Uses of water that support cold water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 

COLD1,2 Existing Existing 

Migration of 
Aquatic 
Organisms 
(MGR) 

Uses of water that support habitats necessary for 
migration or other temporary activities by aquatic 
organisms, such as anadromous fish. 

WARM2,3 -- Existing 

COLD2,4 -- Existing 

 Spawning 
(SPWN) 

Uses of water that support high quality aquatic 
habitats suitable for reproduction and early 
development of fish. 

WARM2,3 -- Existing 

COLD2,4 Existing Existing 
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Table 4.1.1-1.  (continued) 

Designated Beneficial Use 
Description from Basin Plan, Section II 

Designated Beneficial Use 
by Hydro Unit from Basin Plan, Table II-1

Use 

Sources to 
USACE’s 

Englebright 
Reservoir  

USACE’s 
Englebright Dam to 

Feather River 

HU 517 HU 515.3 

Wildlife Habitat 
(WILD) 

Uses of water that support terrestrial or wetland 
ecosystems including, but not limited to, 
preservation or enhancement of terrestrial habitats 
or wetlands, vegetation, wildlife (e.g., mammals, 
birds, reptiles, amphibians, invertebrates), or 
wildlife water and food sources. 

WILDLIFE 
HABITAT 

Existing Existing 

1 Resident fish; does not include anadromous.   
2 Any hydrologic unit with both WARM and COLD beneficial use designations is considered COLD water bodies for the application of water 

quality objectives (CVRWQCB 1998). 
3 Striped bass, sturgeon and shad. 
4 Salmon and steelhead. 
*  Canoeing and rafting are flow-dependent beneficial uses.   

 
 
4.1.2 California’s List of Impaired Waters 
 
Section 303(d) of the Clean Water Act (CWA) requires that every two years each State submit to 
the United States Environmental Protection Agency (EPA) a list of rivers, lakes and reservoirs in 
the State for which pollution control or requirements have failed to provide for water quality.  
The CVRWQCB and State Water Resources Control Board (SWRCB) work together to research 
and update the list for the Central Valley region of California.  Based on a review of this list and 
its associated Total Maximum Daily Load (TMDL) Priority Schedule, in the Project Vicinity, 
USACE’s Englebright Reservoir has been identified by the SWRCB as CWA §303(d) State 
Impaired for mercury; and Deer Creek, a tributary to the Yuba River, has been identified as 
impaired for pH (SWRCB 2006).  However, there are currently no approved TMDL plans for the 
Yuba River. 
 
In 2009, the CVRWQCB recommended including additional surface waters in the Project Area 
to the 303(d) list as impaired for mercury:  New Bullards Bar Reservoir, the Middle Yuba River, 
the North Fork Yuba River from New Bullards Bar Dam to Englebright Reservoir, the South 
Yuba River from Lake Spaulding to USACE’s Englebright Reservoir, and the Lower Yuba River 
from USACE’s Englebright Reservoir to the Feather (CVRWQCB 2009).  The CVRWQCB is 
also recommending that the lower Yuba River be added to the 303(d) list as impaired for iron 
(CVRWQCB 2009).  These recommendations were considered and adopted by the SWRCB at 
the August 3, 2010 Board meeting, at which time they were advanced forward for approval by 
the United States EPA (Azimi-Gaylon, pers. comm., 2010).  At the time this study proposal is 
prepared, they have not been approved by the EPA. 
 
4.1.3 Fish Ingestion Advisories 
 
Using available fish tissue data and risk-based methodologies, the Office of Environmental 
Health Hazard Assessment (OEHHA) has issued species-specific fish ingestion advisories for 
trout, sunfish and bass caught in USACE’s Englebright Reservoir (OEHHA 2003, OEHHA 
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2009).  Fish ingestion advisories previously issued for Deer Creek, a tributary to the Yuba River, 
were recently retracted due to an insufficient quantity of data (OHHEA 2009). 
 
4.2 Existing Water Quality Information 
 
Existing, relevant and reasonably available information found at the Project Area1 was 
documented in Section 7.2.9 of the YCWA’s Pre-Application Package (YCWA 2010) and is 
summarized below. 
 
4.2.1 Licensees’ Summer 2009 Data 
 
Information regarding water quality in the Project Area was gathered during the low flow 
summer season in 2009, a period when Project O&M effects were expected to be most 
pronounced, if they occur.  The study consisted of two elements:  a general water quality element 
and a recreation element. The general water quality element consisted of collecting samples from 
the reservoirs and stream reaches of the Project Area and analyzing each sample for 35 analytes.  
Secchi disc measurements were also made within reservoirs.  The recreation study element 
consisted of collecting samples adjacent to New Bullards Bar Reservoir’s Emerald Cove and 
Dark Day Campground boat ramps on five separate days over a 30 day period that included the 
Labor Day weekend.  Bacteria counts were made for these samples. 
 
Surface water samples were collected from the 17 locations between September 14 and 17, 2009.  
Temperatures ranged between 8.8 to 16.1 degrees Centigrade (°C) at all locations except 
upstream of the Project near the South Yuba River State Park, which had a temperature of 
20.9°C.  Dissolved oxygen (DO) was generally between 7.3 and 9.5 milligrams per liter (mg/L), 
while pH ranged between 7.3 and 8.3 standard units (su) in all 17 samples. Turbidity ranged 
from non-detected to 15.4 Nephelometric Turbidity Units (NTU) and hardness ranged from 21 to 
90 mg/L.  The Secchi disc measurement for New Bullards Bar was 9 feet and for USACE’s 
Englebright Reservoir, the Secchi disc depth was 12 feet.  Below and within Project facilities, 
metals and dissolved metals concentrations were either non-detected using laboratory methods or 
present in trace amounts. Metals concentration in Project surface water met both drinking water 
standards and aquatic life protective criteria.   
 
Fecal coliform and Escherichia coli (E. coli) were not found, while total coliform was found. 
Fecal coliform is the only one of these parameters for which there is a Basin Plan Objective.  
Since total coliform counts were not accompanied by commensurate E. coli counts, it is likely 
that humans are not responsible for the observed total coliform. 
 

                                                 
1 For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next major 
water controlling feature or structure. 
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4.2.2 Sacramento River Watershed Program 1996-1998 
 
The Sacramento River Watershed Program collected 27 samples over a 3-year period between 
1996 and 1998 from a site near Marysville, directly upstream of the Yuba River’s confluence 
with the Feather River (LWA 2000 IN YCWA, CWDR, and BOR 2007).  In this program, pH 
ranged from 7.0-7.8 su, turbidity ranged from 1-153 NTU,  DO ranged from 8.0-12 mg/L, Total 
Organic Carbon (TOC) ranged from 0.7-2.4 mg/L, nitrate-nitrite concentrations ranged from 
0.05-0.14 mg/L, and electrical conductivity (EC) ranged from 44-105 microSeimens per 
centimeter (µS/cm).  Samples were also analyzed for mercury (total; 1.19-46.7 nanograms per 
Liter, or ng/L).  Samples collected in the earliest rounds were also analyzed for seven trace 
metals which were taken off the analyte list after metal concentrations were found to be 
consistently below drinking water criteria (LWA 2000). 
 
4.2.3 Oroville Relicensing Water Quality Study 2002-2004 
 
In support of the Oroville Dam relicensing effort, the California Department of Water Resources 
(CDWR) collected 30 samples from a Feather River site near Marysville, directly upstream of 
the Yuba River’s confluence with the Feather River (DWR 2004 IN HDR|SWRI 2007).  DWR 
analyzed each sample for more than 50 analytes, including total and dissolved metals.  In the 
DWR samples, pH ranged from 7.1-7.4 su; turbidity ranged from 0.5-17.2 mg/L; DO ranged 
from 8.4-14.2 mg/L; TOC ranged from 0.8-3.6 mg/L; nitrate-nitrite concentrations ranged from 
less than 0.01-0.08 mg/L; and EC ranged from 76-28 µS/cm. 
 
4.2.4 South Yuba River Citizens League (SYRCL) 2000-2009 
 
Since 2000, as weather and access have allowed, the South Yuba River Citizens League 
(SYRCL), a non-governmental organization, has implemented a citizen’s monitoring program, 
funded by a grant sponsored by the Regional Water Quality Control Board (RWQCB).   The 
program consists of sampling up to 33 sites in the Yuba River watershed for dissolved oxygen, 
pH, conductivity, temperature, turbidity, total suspended solids, and some metals (arsenic, 
mercury), sometimes as often as monthly.  Based on these data, SYRCL has identified arsenic, 
bacteria, and mercury as constituents of concern in the watershed (SYRCL 2006; SYRCL 
Website 2005 IN HDR|SWRI 2007). 
 
Upstream of the Project, surface water samples were collected from the North Yuba River just 
upstream of New Bullards Bar Reservoir during an 8 to 12-month period in 2001 (SYRCL 2007 
IN HDR|SWRI 2007).  A total of seven samples were collected for six general water quality 
parameters: pH ranged from 7-8.1 su, turbidity ranged from 0-45 mg/L, DO ranged from 8.3-
12.3 mg/L, TOC ranged from 0.59-2.6 mg/L, nitrate-nitrite ranged from 0.025-0.05 mg/L, and 
EC ranged from 20-30 µS/cm.  In the Project Area, SYRCL has been sampling downstream of 
Colgate Powerhouse, measured constituents consisted of pH (6.8-8.6 su), DO (9.5-14.5 mg/L), 
temperature (7.1-18.4 C), turbidity (0-16.6 NTU), and electrical conductivity (60-143 µS/cm). 
 
Between 2001 and 2009, SYRCL collected samples from three locations downstream of 
USACE’s Englebright Reservoir to the Feather River confluence, Parks Bar at Highway 20, 
Hallwood Avenue, and Marysville above the confluence with the Feather River (SYRCL 2009).  
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Samples were analyzed at different frequencies and results were as follows: coliform ranged 
from 42 to greater than 2,410 MPN/100 ml; arsenic ranged from non-detected in laboratory 
analysis to 3.9 mg/L; iron ranged from non-detected to 2360 mg/L; copper ranged from 1.06-19 
mg/L; zinc ranged from 0.4-13.6 mg/L; chromium ranged from non-detected to 0.94 mg/L; and 
turbidity ranged from non-detected to 27 mg/L. 
 
4.2.5 Need for Additional Data 
 
Historic data suggest that surface water of the Project Area generally meets Basin Plan 
Objectives.  However, the vast majority of historic data is 10 years old or more, much of it has 
been collected near the mouth of the Yuba River, and YCWA’s 2009 data was collected only in 
one season – summer low flow period.  Data collection efforts throughout project affected 
streams and impoundments during the spring runoff would be useful, as would water quality 
information from additional sites during the summer low flow period and downstream of New 
Bullards Bar reservoir in the fall. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir.  Background conditions will be 
collected from sampling sites upstream of all Project facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
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variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
The study will be performed in eight steps: 1) select water quality parameters; 2) select sampling 
locations; 3) collect water samples; 4) perform laboratory analyses using standard methods 
adequately sensitive to determine consistency with state and federal water quality standards; 5) 
prepare quality assurance/quality control (QA/QC) review; 6) determine consistency with Basin 
Plan Objectives and beneficial use protection needs; 7) consult Operations Staff; and 8) prepare 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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report.  The report will be made available to Relicensing Participants.  Each of these steps is 
described below. 
 
5.3.1 Step 1 – Select Water Quality Parameters 
 
For the purpose of this study proposal, water quality parameters and constituents to be measured 
are divided into two categories: 1) general water quality study and 2) recreation study.  The 
parameters included in each category and associated information are listed in Table 5.3.1-1. 
 
Table 5.3.1-1.  Water quality parameters and constituents to be measured and methods, reporting 
limits and laboratory holding times for each. 

Analyte Method 
Target Reporting  Limit 

µg/L (or other) 
Hold 
Time 

G
E

N
E

R
A

L
 S

T
U

D
Y

 

BASIC WATER QUALITY- IN SITU 

Dissolved Oxygen DO SM 4500-O 0.1 mg/L Field (in situ) 

Specific conductance -- SM 2510A 0.001 µmhos Field (in situ) 

pH -- SM 4500-H 0.1 su Field (in situ) 

Turbidity -- SM 2130 B 0.1 NTU Field (in situ) 

Secchi Disc -- -- -- Field (in situ) 

BASIC WATER QUALITY—LABORATORY 

Total Organic Carbon TOC SM 5310  0.2 mg/L 28 d 

Dissolved Organic Carbon DOC EPA 415.1 D 0.5/0.1  28 d 

Total Dissolved Solids TDS EPA 2540 C SM 2340 C  1 mg/L 7d 

Total Suspended Solids TSS EPA 2520 D SM 2340 D 1 mg/L 7d 

INORGANIC IONS 

Total Alkalinity  -- SM 2340 B 2000 14 d 

Calcium Ca EPA 6010 B 30 180 d 

Chloride Cl EPA 300.0 20 28 d 

Hardness (measured value) -- EPA 2340 B SM 2340 C  1 mg/L as CaCO3 14 d 

Magnesium Mg EPA 6010 B 1 180 d 

Potassium K EPA 6010 B 500 180 d 

Sodium Na EPA 6010 B 29 180 d 

Sulfate SO4
2− EPA 300.0 1.0 mg/L 28 d 

Sulfide S2− SM 4500 S2 - D 0.05 mg/L 28 d 

NUTRIENTS 

Nitrate-Nitrite  -- EPA 300.0 2 28 d <pH 2 

Total Ammonia as N  -- EPA 4500-NH3 SM 4500-NH3 0.02 28 d <pH 2 

Total Kjeldahl Nitrogen as N  TKN SM 4500 N 100 28 d <pH 2 

Total phosphorus  TP SM4500 P 20 28 d <pH 2 

Dissolved Orthophosphate  PO4 EPA 365.1 EPA 300.0 0.01 48 h at 4 °C 

METALS (total and dissolved) 

Aluminum (total and dissolved) Al EPA 200.8/EPA 1638 4.0/ 0.4 180 d 

Arsenic (total and dissolved) As EPA 200.8/1638 0.15/0.04 180 d 

Cadmium (total and dissolved) Cd EPA 200.8/1638 0.020/0.004 180 d 

Chromium, Total (total and dissolved) Cr EPA 200.8/1638 0.010/0.03 180 d 

Copper (total and dissolved) Cu EPA 200.8/1638 0.10/0.01 180 d 

Iron (total and dissolved) Fe EPA 200.8/1638 10.0/3.2 180 d 

Lead (total and dissolved) Pb EPA 200.8/EPA 1638 0.040/0.003 180 d 

Mercury (total) Hg EPA 1631 0.0005/0.00008 28 d 

Methylmercury (total and dissolved) CH3Hg EPA 1630 0.00005/0.000019 90 d 

Nickel (total and dissolved) Ni EPA 200.8/1638 0.10/0.01 180 d 
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Table 5.3.1-1.  (continued) 

Analyte Method 
Target Reporting  Limit 

µg/L (or other) 
Hold 
Time 

 

Selenium (total) Se EPA 200.8/1638 0.60/0.19 180 d 

Silver (total and dissolved) Ag EPA 200.8/1638 0.20/0.006 180 d 

Zinc (total and dissolved) Zn EPA 200.8/1638 0.2/0.1 180 d 

R
E

C
R

E
A

T
IO

N
  

S
T

U
D

Y
 

BACTERIA 

Total coliform  -- SM 9221 1.1 MPN 24 h 

Fecal coliform  -- SM 9221 1.1 MPN 24 h 

Escherichia coli  E. coli SM 9223 1.1 MPN 24 h 

PETROLEUM HYDROCARBONS 
Total Petroleum Hydrocarbons (gasoline 
range) 

TPH-g SW 8015B 50 14 d 

Oil & Grease O&G Visual Observation -- -- 
Key: 

EPA = United States Environmental Protection Agency 
CaCO3 = Calcium carbonate 
d = days 
h = hours 
µmhos = micro-ohms 
µg/L = micrograms per liter (equals parts per billion) 
mg/L = milligrams per liter (equals parts per million) 
MPN = Most Probable Number 
NTU = Nephelometric Turbidity Units 
SM = Standard Method 
su = Standard Unit 

 
 
5.3.2 Step 2 – Select Sampling Locations 
 
5.3.2.1 Select General Water Quality Sample Locations 
 
General water quality samples will be collected upstream and downstream of the Project 
reservoir, diversions and powerhouses.  Samples will also be collected downstream of Project 
facilities at multiple sites between USACE’s Englebright Reservoir and the Feather River.  In 
New Bullards Bar Reservoir and in the USACE’s Englebright Reservoir samples will be 
collected at a minimum of three sites each, including the deepest part of the reservoir near the 
dams.  At each reservoir location, general water chemistry samples will be collected for 
laboratory analysis at two depths: within the hypolimnion and just below the surface in the 
epilimnion (Table 5.3.2-1). 
 
Table 5.3.2-1.  General water quality sample locations - reservoirs. 

Reservoir Sample Depth Location 

NORTH YUBA RIVER 

New Bullards Bar Reservoir  
Surface Three Sites:  1) Near Madrone Cove, 2) Mid-

Reservoir at influence of Slate Creek, and 3) 
Near Dam Bottom 

YUBA RIVER 

USACE’s Englebright Reservoir  
Surface Three Sites: 1) Upper reservoir, 2) Mid-

Reservoir, and 3) Near Dam Bottom 

 
 
Stream samples for general water quality will be collected upstream and downstream of New 
Bullards Bar Reservoir, Our House Diversion Dam Impoundment, Log Cabin Diversion Dam 
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Impoundment, and USACE’s Englebright Reservoir, as well as at four locations between 
USACE’s Englebright Dam and the Feather River (Table 5.3.2-2).  Water chemistry samples will 
be grab samples collected for laboratory analysis from the moving water.  
 
Table 5.3.2-2.  General water quality sample locations - stream reaches. 

Stream Reach Sample Depth Location Notes 

MIDDLE YUBA RIVER 

-- Surface Above Our House Dam Diversion 
Above New Bullards Bar Inflow 

SYRCL Sampling Site 
Our House Diversion  Dam Reach Surface Below Our House Dam Diversion Immediately downstream of dam 

-- Surface MYR upstream of confluence with NYR MYR and Oregon Creek conditions 

OREGON CREEK 

-- Surface Above Log Cabin Diversion Dam 
Immediately upstream of the 

impoundment and above inflow 
from tunnel 

Log Cabin Diversion  Dam Reach Surface Below Log Cabin Diversion Dam Immediately downstream of dam 

NORTH YUBA RIVER 

-- Surface Below Fiddle Creek at Hwy 491 SYRCL Sampling Site 

New Bullards Bar Dam Reach Surface Below New Bullards Bar Dam -- 

YUBA RIVER 

-- Surface Above Colgate Powerhouse SYRCL Sampling Site 

Colgate Powerhouse Reach 

Surface Below Colgate Powerhouse  -- 

Surface 
Downstream of Dobbins Ck/ upstream 

of SYR confluence & high-water line of 
Englebright Reservoir 

Mixing of Dobbins with New 
Bullards/Colgate flow in Yuba 

SOUTH YUBA RIVER 

-- Surface 
South Yuba River State Park – SYR 

upstream of Englebright high-water line 

SYR delivery conditions from 
Yuba-Bear and Drum-Spaulding 
Projects;  and routing; SYRCL’s 

Bridgeport sampling site 
YUBA RIVER 

-- Surface 
Narrows #2 Tailrace/ Below USACE’s 

Englebright Dam 
-- 

Narrows 2 Powerhouse Reach Surface Below Deer Creek at Hwy 20 SYRCL Sampling Site 

Daguerre Point Dam Reach 

Surface 
Below USACE’s Daguerre Point 

Diversion Dam 
SYRCL Sampling Site 

Surface At Walnut Avenue -- 

Surface Marysville SYRCL Sampling Site 
1 Or, if water levels are low, a location in flowing water upstream of the reservoir 
2 A location near the head of the reservoir.  

Key: 
Hwy = Highway 
MYR = Middle Yuba River 
SYR= South Yuba River 
SYRCL= South Yuba River Citizens League 
USACE= United States Army Corps of Engineers 

 
5.3.2.2 Select Reservoir Recreation Water Quality Sample Locations 
 
Two recreation water quality samples will be collected, one each from the surface of New 
Bullards Bar Reservoir near the boat ramps in Emerald Cove and Dark Day Campground (Table 
5.3.2-3). 
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Table 5.3.2-3.  Recreation water quality sample locations--reservoir. 
Reservoir Sample Depth Location 

New Bullards Bar Reservoir  

Surface Emerald Cove Near the Boat Ramp 

Surface 
Dark Day Cove equidistant between the 
Boat Ramp and the informal day use 
area.1 

Surface Moran Cove Day Use Area Shoreline 
1   New Bullards Bar does not have any beaches, due to the reservoir’s steep shoreline.  However, at low water levels, the exposed shoreline near 

Dark Day Cove boat ramp is more gently sloped and recreationists have been observed swimming at this location. 

 
 
If YCWA and Relicensing Participants collaboratively identify additional locations of concern 
regarding Project-related bacteria  during the Recreation Use and Visitor Surveys Study (Study 
8.1), additional recreation-related bacteria sampling will be performed at those locations.  In 
particular, YCWA and the Forest Service have agreed that YCWA will perform recreation 
surveys at Oregon Creek Day Use Area during the relicensing Recreation Use and Visitor 
Surveys Study (Study 8.1).  If the surveys indicate a Project nexus, YCWA will perform 
additional data collection, which could include general water quality and bacteria sampling at the 
day use area.   
 
5.3.2.3  Select Turbidity-associated Mercury Sample Locations 
 
One surface water quality sample will be collected each from the New Colgate Powerhouse 
tailrace and the Narrows No. 2 Powerhouse tailrace, when the powerhouses are in operation, 
during a single period expected to be of high turbidity in 2012.  A flow of 5,000 cfs, as measured 
at the Smartsville gage3 will trigger the sampling event.  Water samples will be analyzed for  
turbidity, total suspended sediment, total dissolved sediment, total mercury and methylmercury 
using the methods described in Table 5.3.1-1.  Water chemistry samples will be grab samples 
collected for laboratory analysis from the moving water, consistent with Section 5.3.3.1.2.   
 
5.3.3 Step 3 – Collect Samples 
 
All data will be acquired in accordance with standard quality assurance practices. 
 
5.3.3.1 General Water Quality Reservoir and Stream Sampling 
 
Water chemistry samples will be collected from all locations in the spring run-off period 
(June/July) and late summer low flow season (late August/early September).  A single sample 
will be collected downstream of New Bullards Bar for a third time, in the fall 
(October/November).  A single sample will be collected downstream of each powerhouse during 
for a fourth period, during a time of high turbidity (Section 5.3.2.3).    YCWA will make a good 
faith effort to keep Relicensing Participants informed of the study’s progress and preliminary 
findings following data QA/QC.  And, if data from spring or summer sampling events show 
elevated constituent or parameter levels at locations other than downstream of New Bullards Bar, 
YCWA will consult with Licensing Participants and determine need for additional fall sampling 
at select sites, as appropriate. 

                                                 
3  http://cdec.water.ca.gov/cgi-progs/queryF?s=YRS 
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5.3.3.1.1 In Situ Sampling 
 
In situ water quality measurements will be made at these same depths with a Hydrolab 
DataSonde 5 (Hydrolab), or other instrument with similar precision and accuracy.  Water 
temperature (±0.1°C), DO (±0.2 mg/L), pH (±0.2 standard unit, or su), specific conductance 
(±0.001 micromhos per centimeter (µomhos/cm)), and turbidity (± 1 NTU) will be measured in 
situ using a Hydrolab DataSonde 5 or other similar instrument that has the same precision and 
accuracy.  Prior to and after each use, the instrument will be calibrated using manufacturer’s 
recommended calibration methods. Any variances will be noted on the field data sheet and final 
report and recalibration or repair done as necessary.  YCWA will note relevant conditions during 
each sampling event on the field data sheet (i.e., air temperature, flow, description of location, 
floating material, evidence of oil and grease, and activities in the vicinity of sampling site that 
could cause short or long term alterations to water quality, such as dredging). 
 
5.3.3.1.2 Laboratory Samples 
 
Each laboratory sample will be collected into laboratory-supplied clean containers.  Water 
samples to be analyzed for metals will be taken using “clean hands” methods consistent with the 
EPA’s Method 1669 sampling protocol Sampling Ambient Water for Trace Metals at EPA Water 
Quality Criteria (EPA 1995).  Samples requiring filtration before metals analysis will be filtered 
in accordance with standard protocols in the field.  Certification of filter cleanliness will be 
obtained from the vendor and kept in the Project files. 
 
All sample containers will be labeled with the date and time that the sample is collected, 
sampling site or identification label and handled in a manner consistent with appropriate chain-
of-custody protocols.  The sample container will be preserved (as appropriate), stored and 
delivered to a State of California-certified water quality laboratory for analyses of the parameters 
listed in Table 5.3.1-1 in accordance with maximum holding periods for each parameter.  A 
chain-of-custody record will be maintained with the samples at all times.  The sampling site 
location will be recorded using a GPS unit. 
 
As part of the field quality assurance program, two field blanks and equipment rinsates will be 
collected and submitted to the laboratory (approximately one for every ten analyses).  A field 
blank is a sample of analyte-free water poured into the container in the field, preserved and 
shipped to the laboratory with samples.  A field blank for filtered samples will be similarly 
created, but filtered using field techniques before pouring into the container.  A field blank 
assesses the contamination from field conditions during sampling.  A rinsate is a sample of 
analyte-free water poured over or through decontaminated field sampling equipment prior to the 
collection of samples.  It assesses the adequacy of the decontamination processes.  Two duplicate 
samples will also be collected. 
 
5.3.3.1.3 Secchi Depth Readings in Reservoirs 
 
Prior to collecting reservoir samples, a Secchi disk will be slowly lowered into the water on the 
shady side of the boat until it is no longer visible, and the depth recorded.  Then, the Secchi disc 
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will be slowly raised until it just becomes visible once again and this depth will be recorded a 
second time.  The average of the two depths will be considered the Secchi depth.  
 
5.3.3.2 Recreation Water Quality Sampling 
 
In accordance with bacteria sampling protocols, bacteria samples will be collected on five 
different days within a 30-day period which spans the Independence Day holiday weekend and 
five different days within a 30-day period which spans the Labor Day holiday weekend 
(CVRWQCB 1998).  A single petroleum hydrocarbon sample will be collected at each location 
during each of the holiday weekends included in the bacteria sampling.  At each near-shore 
sample location, surface water will be collected from the near surface (bacteria) and/or the 
surface (petroleum hydrocarbons).  Visual observations of oil and grease will be recorded in the 
field notebook.    
 
5.3.4 Step 4 – Perform Laboratory Analyses 
 
5.3.4.1 Chemical Analyses 
 
All laboratory analyses will be conducted using EPA Standard Methods or the equivalent 
sufficiently sensitive to detect and report at levels necessary for evaluation against state and 
federal water quality standards.  A State of California-certified laboratory will prepare and 
analyze water samples for the following surface water analytical parameters: 
 
 Basic Water Chemistry - Laboratory 

 Inorganic Ions 

 Metals 

 Nutrients 

 Petroleum Hydrocarbons 
 
The analytes and target reporting limits associated with each parameter are listed in Table 
5.3.1-1. 
 
5.3.4.2 Bacteria Analyses 
 
Surface water samples collected adjacent to recreation sites will be analyzed for: 
 
 Total coliform 

 Fecal coliform 

 Escherichia coli 

 
Bacteria samples will be delivered to a local laboratory within the holding times required in 
Table 5.3.1-1. 
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5.3.5 Step 5 – Prepare Quality Assurance/Quality Control Review 
 
All data will be verified and/or validated as appropriate.  In brief, following the field sampling 
and laboratory analyses, which includes the laboratories’ own QA/QC analysis, YCWA will 
subject all data to QA/QC procedures including, but not limited to: spot-checks of transcription; 
review of electronic data submissions for completeness; comparison of results to field blank and 
rinsate results; and, identification of any data that seem inconsistent.  If any inconsistencies are 
found, YCWA will consult with the laboratory to identify any potential sources of error before 
concluding that the data is correct.  
 
All verified chemical detections, including data whose results are “J” qualified,4 will be used for 
this assessment.  Should the laboratory need to re-extract samples and re-run the sample under 
different calibration conditions, the data identified by the laboratory, as the most certain, will be 
used.  If field-sampling conditions, as measured by the field blank and the rinsate sample results, 
indicate that samples have been corrupted, YCWA will identify the data accordingly. 
 
5.3.6 Step 6 – Determine Consistency with Basin Plan Objectives 
 
5.3.6.1 All Samples Excluding Samples Collected From Powerhouse Release (Section 

5.3.2.3) 
 
Table 5.3.6-1 shows the standards, criteria and benchmark values that will be used to assist with 
in the assessment of sample results and their consistency with the Basin Plan Objectives.  The 
selected values primarily consist of the Title 22 drinking water standards, which are incorporated 
by reference into the Basin Plan itself, and the California Toxics Rule (CTR) (EPA 2000). 
However, when a study analyte does not have a compliance threshold (benchmark) in one these 
preferred sources, benchmarks will be applied from A Compilation of Water Quality Goals 
(Marshack 2008, as amended for July 2008 – April 2010); Water Quality Standards for 
Recreational Waters (EPA 2003; another compilation with multiple regional sources); and others 
as cited. 
 
Table 5.3.6-1.  Standards, Criteria and Benchmarks used for determining consistency with Basin 
Plan Objectives and designated beneficial uses of water in project reservoirs and project-affected 
stream reaches.1 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

BACTERIA (MUN, REC-1) 

Total coliform -- 
< 10,000 MPN per 100 mL 

< 240 MPN per 100 mL 
(geometric mean); 

EPA 2003 

Water contact recreation, 
single-day sample; 
Water contact recreation, 30-
day geometric mean 

                                                 
4  Results with a “J” qualifier are results where the chemical was detected, but there is uncertainty in the quantity.  The quantity 

is above the method detection limit, but below the reporting limit. 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

BACTERIA (MUN, REC-1) (continued) 

Fecal coliform -- 

< 200 MPN per 100 mL 
(geometric mean); < 10% of 
samples > 400 MPN per 100 

mL 

CVRWQCB 1998 

Water contact recreation, 30-
day geometric mean; with 
individual samples not  > 400 
MPN/100  mL 

Escherichia coli E. coli 

< 126 MPN per 100 mL 
(geometric mean)  

< 235 MPN per 100 mL in any 
single sample 

CVRWQCB 2002; 
EPA 2003 

Water contact recreation, 30- 
day geometric mean 

BIOSTIMULATORY SUBSTANCES (COLD, SPAWN) 

Total Kjeldahl Nitrogen TKN None -- -- 

Total Phosphorous TP None -- -- 

CHEMICAL CONSTITUENTS (MUN) 

Alkalinity -- 20 mg/L Marshack 2008 
EPA AWQC; less than 20 

mg/L can affect water 
treatment 

Aluminum Al 1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Arsenic As 0.01 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Cadmium Cd 5 µg/L 
CDPH 2010  cited 

in CVRWQCB 
1998 

22 CCR §64431 
Primary MCL 

Calcium Ca None -- -- 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

Chromium (total) Cr (total) 50 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Copper Cu 1.3 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Lead Pb 15 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Mercury (inorganic) Hg 2 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nickel Ni 100 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrate NO3-N 45 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrite NO2-N 1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrate + Nitrite NO3-N+NO2-N 10 mg/L (combined total) 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Potassium K None -- -- 

Selenium Se 50 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Sodium Na 20 mg/L Marshack 2008 Sodium Restricted Diet2 

DISSOLVED OXYGEN (COLD, SPAWN) 

Dissolved Oxygen DO > 7 mg/L (minimum) CVRWQCB 1998 Aquatic life protection 

FLOATING MATERIAL (REC-1, REC-2) 

Floating Material -- Narrative Criteria  CVRWQCB 1998 
Aesthetics – Absent by visual 

observation 
OIL & GREASE (REC-1, REC-2) 

Oil & Grease -- Narrative  CVRWQCB 1998 
Aesthetics – Absent by visual 

observation 
Total Petroleum 
Hydrocarbons 

TPH None -- -- 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

pH (MUN, COLD, SPAWN, WILD) 

pH -- 6.5-8.5 CVRWQCB 1998 Aquatic life protection 

SEDIMENT AND SETTLEABLE SOLIDS (REC-2, SPAWN, WILD) 

Sediment -- Narrative  CVRWQCB 1998 
See Geology and Soil 

Resources  
TASTES & ODOR (MUN) 

Aluminum Al 0.2 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Chloride Cl 250 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Copper Cu 1.0 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Iron Fe 0.3 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Silver Ag 0.1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Specific conductance -- 900 µS/cm 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Sulfate SO4
2− 250 mg/L 

CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Total Dissolved Solids TDS 500 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Zinc Zn 5 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

TEMPERATURE (COLD, SPAWN) 

Temperature -- Narrative  CVRWQCB 1998 See Water Temperature Study 

TOXICITY (COLD, SPAWN, MUN)  

Alkalinity -- 20 mg/L Marshack 2008 
EPA AWQC; buffering 

capacity 

Aluminum Al 0.087 µg/L Marshack 2008 
EPA AWQC; aquatic life 

protective3 

Ammonia as N 
(pH and Temp dependent) 

NH3-N 

24.1 mg/L (CMC); 
4.1-5.9 mg/L (CCC) 

EPA 2000 
CTR criteria over 0-20oC 

assuming pH 7.0 
5.6 mg/L (CMC); 

1.7-2.4 mg/L (CCC) 
EPA 2000 

CTR criteria over 0-20oC 
assuming pH 8.0 

0.9 mg/L (CMC); 
0.3-0.5 mg/L (CCC) 

EPA 2000 
CTR criteria over 0-20oC 

assuming pH 9.0 

Arsenic As 
0.34 mg/L (CMC); 
0.15 mg/L (CCC) 

EPA 2000 CTR criteria 

Cadmium 
(hardness dependent) 

Cd 

0.16 µg/L (CMC); 
0.25 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

0.35 µg/L (CMC); 
0.41 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

Cadmium 
(hardness dependent) 
(continued) 

Cd 
(continued) 

0.54 µg/L (CMC); 
0.56 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

0.95 µg/L (CMC); 
0.81 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Chloride Cl- 
860 mg/L (CMC); 
230 mg/L (CCC) 

Marshack 2008 
EPA AWQC; aquatic life 

protective 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

TOXICITY (COLD, SPAWN, MUN) (continued) 

Chromium 
(hardness dependent) 

Cr 

47.19 µg/L (CMC); 
15.31 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

83.25 µg/L (CMC); 
27.0 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

116.03 µg/L (CMC); 
37.64  µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

176.31 µg/L (CMC); 
57.19 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Copper 
(hardness dependent) 

Cu 

0.8 µg/L (CMC); 
0.69 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

1.54 µg/L (CMC); 
1.25 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

2.25 µg/L (CMC); 
1.77 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

3.64 µg/L (CMC); 
2.74 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Iron Fe 1 mg/L (CCC) Marshack 2008 
EPA AWQC; aquatic life 

protective 

Mercury (total) Hg 0.050 µg/L 
EPA 2000 

40 CFR 131.38 
CTR/Federal Register. 

5/18/00 

Nickel 
(hardness dependent) 
 

Ni 
 

37.2 µg/L (CMC); 
4.1 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

66.9 µg/L (CMC); 
7.4 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

94.3 µg/L (CMC); 
10.5 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

145.2 µg/L (CMC); 
16.1 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Selenium (total) Se 
20 µg/L (CMC) 
5 µg/L (CCC) 

Marshack 2008 
EPA AWQC; aquatic life 

protective 

Silver 
(hardness dependent) 

Ag 

0.02 µg/L (CMC) 
Instantaneous 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

0.07 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

Silver 
(hardness dependent) 

Ag 

0.13 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

0.32 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Water Quality 
 ©2011, Yuba County Water Agency Page 19 of 24 

Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

TOXICITY (COLD, SPAWN, MUN) (continued) 

Lead 
(hardness dependent) 

Pb 

2 µg/L (CMC) 
0.086 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

5 µg/L (CMC) 
0.191 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

8 µg/L (CMC) 
0.303 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

14 µg/L (CMC) 
0.54 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 
Specific conductance -- 150 µmhos CVRWQCB 1998 Aquatic Life Protection 

Zinc 
(hardness dependent) 

Zn 

9.26 µg/L (CMC) 
9.33 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

16.66 µg/L (CMC) 
16.79 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

23.48 µg/L (CMC) 
23.68 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

36.20 µg/L (CMC) 
36.50 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 
TURBIDITY (COLD, SPAWN, WILD, MUN) 

Turbidity NTU 

increase < 1 NTU for 1-5 NTU 
background; 

increase < 20% for 5-50 NTU 
background; 

increase < 10 NTU for 50-100 
NTU background 

CVRWQCB 1998 Aesthetics, disinfection 

1 Note: a constituent may be listed under more than one beneficial use.  When a standard or criterion was not available, benchmarks were 
excerpted from EPA (2003) and Marshack (2008). 

2 Guidance level to protect those individuals restricted to a total sodium intake of 500 mg/day (Marshack 2008). 
3 Benchmark is likely overly protective, as EPA is aware of field data indicating that many high quality waters in the U.S. contain more than 

0.087 µg aluminum/L, when either total recoverable or dissolved is measured (Marshack 2008) 
Key: 

AWQC = Ambient Water Quality Criteria 
EPA = Environmental Protection Agency 
CaCO3 = Calcium carbonate 
CMC = Criterion Maximum Concentration (1-hour acute 
exposure) for aquatic toxicity as defined by EPA (2000) 
CCC = Criterion Continuous Concentration (4-day chronic 
exposure) for aquatic toxicity as defined by EPA (2000) 
CTR = California Toxics Rule 

MCL = Maximum Contaminant Level 
µmhos = micromhos 
µg/L = micrograms per liter 
mg/L = milligrams per liter 
MPN = Most Probable Number 
NTU = Nephelometric turbidity units 
SM = Standard Method 
su = standard unit 

 
 
The CVRWQCB has adopted, by reference, California Title 22 maximum contaminant levels 
(MCL) for drinking water as Basin Plan objectives (CVRWQCB 1998), with the exception that 
more stringent criteria may apply as necessary for protection of specific beneficial uses.  Hence, 
these values are adopted as the drinking water standard herein.  It should be noted, however, that 
chemical concentrations that were originally intended to apply to finished tap water, rather than 
to untreated sources of drinking water, will be applied to the untreated reservoir or river water. 
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For water quality objectives related to aquatic toxicity for ammonia and trace metals, the CTR 
(EPA 2000) is the preferred benchmark source.  Part 40 CFR § 131.38 established Criterion 
Maximum Concentrations (CMC) as the highest concentrations to which aquatic life can be 
exposed for a short period5 [one hour] without deleterious effects and Criterion Continuous 
Concentrations (CCC) as the highest concentration to which aquatic life can be exposed for an 
extended period of time (4 days) without deleterious effects.  When single grab samples are 
collected, as will be the case for this study, it is assumed that constituent concentrations are 
representative of the continuous ambient condition, and CCC values are therefore used as the 
appropriate criteria to compare against environmental sample results.   
 
Because of differences in acute and chronic toxicity to aquatic organisms of many elements and 
compounds, as well as variations with ambient water quality such as pH or hardness, several 
entries in Table 5.3.6-1have multiple benchmarks to illustrate this range.  The benchmarks for 
seven of the metals addressed in this study plan (cadmium, chromium, copper, lead, nickel, 
silver, and zinc) are reported for dissolved metals from the CTR (EPA 2000).  In Table 5.3.6-1, 
benchmarks for these metals are calculated in 5 mg/L increments of hardness since the aquatic 
toxicity of these metals reportedly increases as hardness decreases.  Similarly, the CMC and 
CCC levels for ammonia are a function of both pH and temperature and are presented for the 
temperature range of 0º-20ºC in pH increments of 1.0 su in Table 5.3.6-1. 
 
5.3.6.2 Samples Collected From Powerhouse Release (Section 5.3.2.3) 
 
YCWA will compare the samples collected from the powerhouse tailraces to ambient levels of 
total mercury and methylmercury, as determined by YCWA’s sampling in this study at other 
locations and seasons, as well as regional studies performed by others.   
 
5.3.7 Step 7 – Consult with Operations Staff 
 
If a water quality result suggests Basin Plan objectives are not being met, YCWA will consult 
with Project Operations staff to identify Project O&M activities that typically occur in the area 
with the potential to adversely-affect the parameter. 
 
5.3.8 Step 8 – Collaboratively Agree on New Focused Second Year Study 
 
YCWA will meet with interested and available Relicensing Participants no later than 6 weeks 
prior to the date that YCWA’s Initial Study Report is scheduled to be filed with FERC to review 
data available from the study at that time and discuss the need for, and scope of, a focused water 
quality study in 2013.  The criteria to be used by YCWA and Relicensing Participants to 
consider the need for a focused second year study will be when a constituent is found at an 
elevated level, where elevated is defined as a level outside the standards, criteria and benchmarks 
provided in Table 5.3.6-1, and the elevated level can reasonably be attributed to Project effects.  
If YCWA and Relicensing Participants collaboratively agree focused studies are needed in a 
second year, YCWA will develop a new study proposal or modification to this study proposal 
(depending on the scope of work for the focused study), provide it to the SWRCB, CDFG, and 

                                                 
5  Based on extended sample collection and one-hour averaging. 
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Forest Service for review, file it with FERC prior to or at the same time as YCWA files its Initial 
Study Report, and implement the study as directed by FERC.   
 
5.3.9 Step 9 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include in Microsoft 
Excel format on compact disc (CD) a complete water quality dataset.  Also, the report will 
include a table that will show for each parameter measured the results of the sampling sorted by 
sampling location.  Data that that are greater than the benchmarks provided in Table 5.3.6-1 will 
be highlighted.  The table will be appended to report and available in its Microsoft Excel format. 
 

6.0 Study-Specific Consultation 
 
This study requires three study-specific consultations: 
 
 If YCWA and Relicensing Participants collaboratively identify additional locations of 

concern regarding Project-related bacteria during the Recreation Use and Visitor Surveys 
Study (Study 8.1), additional recreation-related bacteria sampling will be performed at the 
locations (Step 2).  In particular, YCWA and the Forest Service have agreed that YCWA will 
perform recreation surveys at Oregon Creek Day Use Area during the relicensing Recreation 
Use and Visitor Surveys Study (Study 8.1).  If the surveys indicate a Project nexus, YCWA 
will perform additional data collection, which could include general water quality and 
bacteria sampling at the day use area.   
 

 YCWA will make a good faith effort to keep Relicensing Participants informed of the study’s 
progress and preliminary findings from verified and/or validated data following data QA/QC 
(Step 3).  

 YCWA will collaborate with Relicensing Participants regarding need for a focused second 
year study (Step 8). 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select Parameters and Sampling Locations (Steps 1 & 2) ....................................... December 2011 
Collect Data (Step 3) ............................................................................... January – November 2012 
Lab Analysis and QA/QC Review (Steps 4 & 5) ......................................... June – December 2012 
Basin Plan Consistency and Operations Staff Consultation (Steps 6 & 7) .............. December 2012 
Collaborative Review of Data and Need for Focused Study (Step 8)………….[See Section 5.3.8] 
Prepare Report (Step 9) .............................................................. November 2012 – September 2013 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $160,000 and 
$220,000. 
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Study 2.41 

BIOACCUMULATION 
August 2011 

 
1.0 Project Nexus 
 
Impoundment of water (with the incidental accumulation of sediment) and operation of the Yuba 
County Water Agency’s (YCWA or Licensee) Yuba River Development Project (Project) 
facilities have potential to increase the methylated mercury in the system, making it available for 
bioaccumulation through various trophic levels of the aquatic ecosystem. 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
YCWA believes that three state agencies have jurisdiction or management goals over 
bioaccumulation and human health risk in California: 1) the State of California’s Office of 
Environmental Health Hazard Assessment (OEHHA); 2) the State Water Resource Control 
Board, Division of Water Rights (SWRCB), and 3) the California Department of Fish and Game 
(CDFG): 
 
OEHHA 
The OEHHA is the relevant fish consumption agency for consultation under the Federal Power 
Act Section 10(j) (16 U.S.C. § 803(j)).  OEHHA’s Fish and Water Quality Evaluation Unit 
evaluates chemical contaminants in fish and wildlife and develops fish consumption health 
advisories.  Fish consumption advisories are published in the California Sport Fish Regulations 
and are part of a public communications program intended to help protect citizens, including 
sensitive subpopulations, against toxic chemicals.  OEHHA provides specific consumption 
advice for fish taken from many water bodies in California.  
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 
CDFG  
In its July 12, 2011 letter to FERC that provided comments on YCWA’s Proposed Study Plan, 
CDFG stated that its mission is to manage California’s diverse fish, wildlife, and plant resources, 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
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and the habitats upon which they depend, for their ecological values and for their use and 
enjoyment by the public. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to provide OEHHA with the information needed, if any, to develop 
consumption recommendations for targeted species. The objective of the study is to characterize 
the concentration of methylmercury in resident, edible-sized sport fish in the Project’s 
impounded waters including New Bullard’s Bar Reservoir, Our House Diversion Dam 
impoundment, and Log Cabin Diversion Dam impoundment.  
 
As it is practical to also analyze the collected samples for other metals, fish tissue will also be 
analyzed for arsenic, copper, selenium, and silver. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Available information consists of existing regulatory plans and advisories for the watershed, as 
well as water quality data collected to date in the Project Area.2 
 
4.1 Regulatory Status for Surface Water and Fish in the Project Area 
 
Beneficial uses and water quality objectives for the Project Area are documented within the 
Central Valley Regional Water Quality Control Board’s (CVRWQCB) Water Quality Control 
Plan (Basin Plan) for the Sacramento and San Joaquin Rivers, the fourth edition, which was 
initially adopted in 1998 and most recently revised in 2007 (CVRWQCB 1998).  The Basin 
Plan’s designations for Yuba River Development Project and the area downstream of the Project 
include freshwater aquatic habitat (COLD) and water contact recreation (REC-1), which 
incorporate the uses commercial or recreational collection of fish, shellfish, or organisms.  Since 
the main concern with mercury is that it bioaccumulates in aquatic systems to levels that are 
harmful to fish and their predators, including humans, the presence of mercury in its bioavailable 
form (methylmercury) has the potential to impair Project waters due to toxicity.   
 
The toxicity water quality objective states that “…all waters shall be maintained free of toxic 
substances in concentrations that produce detrimental physiological responses in human, plant, 
animal, or aquatic life.” 
 
Section 303(d) of the Clean Water Act (CWA) requires that every two years each State submit to 
the United States Environmental Protection Agency (EPA) a list of impaired rivers, lakes and 
reservoirs for which pollution control or requirements have failed to provide for water quality.  
Based on a review of this list and its associated Total Maximum Daily Load (TMDL) Priority 

                                                 
2  The Project Area is defined as the area within the FERC Project Boundary and the land immediately surrounding the FERC 

Project Boundary (i.e., within about 0.25 mile of the FERC Project Boundary) and includes Project-affected reaches between 
facilities and downstream to the next major water controlling feature or structure. 
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Schedule, in the Project Vicinity,3 United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir has been identified by the State Water Resources Control Board 
(SWRCB) as CWA §303(d) State Impaired for potential toxicity due to mercury (SWRCB 
2006).  There are currently no approved TMDL plans for the Yuba River.  Kanaka Creek, which 
is a tributary to the Middle Yuba River 4 miles upstream of Our House Diversion Dam, is listed 
under Section 303(d) of the Clean Water Act as “impaired” due to arsenic levels and contributes 
to the measured high levels of arsenic. 
 
In 2009, the CVRWQCB recommended including additional surface waters in the Project 
Vicinity to the 303(d) list as impaired for mercury:  New Bullards Bar Reservoir, the Middle 
Yuba River, the North Fork Yuba River from New Bullards Bar Dam to Englebright Reservoir, 
the South Yuba River from Lake Spaulding to USACE’s Englebright Reservoir, and the Lower 
Yuba River from USACE’s Englebright Reservoir to the Feather River (CVRWQCB 2009).  
These recommendations were based on fish tissue mercury data provided in SWRCB (2002) and 
Melwani et al. (2007) [See Section 4.2.] and the potential impairment of beneficial uses due to 
toxicity.  These recommendations must be approved by the SWRCB and the United States EPA 
before the list is modified. 
 
Along a parallel regulatory path, using available fish tissue data and risk-based methodologies, 
the Office of Environmental Health Hazard Assessment (OEHHA) has issued species-specific 
fish ingestion advisories for trout, sunfish and bass caught in USACE’s Englebright Reservoir 
(OEHHA 2003, OEHHA 2009).  In the Project Vicinity, fish ingestion advisories previously 
issued for Deer Creek, a tributary to the Yuba River, and the Lower Yuba River from USACE’s 
Englebright Reservoir to the Feather River were recently retracted (OHHEA 2009). 
 
4.2 Existing Methylmercury Bioaccumulation Information 
 
Existing, relevant and reasonably available information found at the Project Area was 
documented in Section 7.2.9 of the YCWA’s Pre-Application Document, or PAD (YCWA 2010) 
and is summarized below 
 
Since the early 1990s, the upper Yuba River watershed has been studied by University of 
California, Davis, and the United States Geological Survey (USGS) (Alpers et al. 2005; 
Hunderlach et al. 1999; May et al. 2000;  Slotton et al. 1995 IN May et al. 2000; and Slotton et 
al, in preparation IN OEHHA 2009).   Findings from these studies indicate that significant 
amounts of Gold Rush era mercury still exist in sediments, surface water and fish of the upper 
Yuba watershed.  Sediments are being transported downstream into reservoirs on the Yuba 
River, where they are largely trapped (Hunderlach et al. 1999; Alpers et al. 2005).   Findings 
from these studies also indicate that fish tissue concentrations of mercury exceed the criteria 
established for protection of human health at some locations (Table 4.2-1). 
 

                                                 
3  The Project Vicinity is defined as the area surrounding the Project in the order of a United States Geological Survey 1:24,000 

topographic quadrangle. 
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Table 4.2-1.  Mercury concentrations measured in fish tissue in the Project Vicinity. 

Location 
Species 

Sampled 
Number of 

Fish 

Mercury, 
Total 

(ppm)1 

Total 
Length 
(mm) 

Data Source 

UPSTREAM OF THE PROJECT AREA 
North Yuba River near Canyon 
Creek 

Rainbow trout 5 
0.19 – 0.14 
(avg 0.11) 

236 - 311 Slotton et al. (1997) 

Middle Yuba River one mile 
upstream of Plumbago Road 

Rainbow trout 5 
0.05 - 0.19 
(avg  0.11) 

292 - 415 
Slotton et al. (1997) IN CVRWQCB 
(2009) Middle Yuba River upstream of 

Kanaka Creek [one mile upstream 
of Tyler Foote crossing] 

Rainbow trout 9 
0.10 - 0.24  
(avg 0.16) 

210 - 387 

Middle Yuba River just upstream 
of Oregon Creek and Highway 49 

Rainbow Trout 3 
0.15-0.21 
(avg 0.18) 

204 - 278 
Slotton et al. (1997) IN CVRWQCB 
(2009) Sacramento 

Pikeminnow 
2 

0.56 and 
0.81 

321 - 339 

Middle Yuba River one mile 
downstream of the Highway 49 
crossing 

Sacramento 
Pikeminnow  

4 
(composite) 

0.64 ≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

South Yuba River below Lake 
Spaulding 

Brown trout 2 
0.07 and 

0.07 
 224 -249 

Slotton et al. (1997) IN CVRWQCB 
(2009) 

Rainbow trout 3 
0.06-0.11 
(avg 0.080 

180 - 228 

South Yuba River at Washington Rainbow trout 13 
0.10 - 0.30 
(avg 0.15) 

183 - 345 
Slotton et al. (1997) IN CVRWQCB 
(2009) 

  
South Yuba River just 
downstream of Edwards Crossing 

Rainbow trout 2 
0.09 and 

0.15 
182 - 270 

May et al. (2000) IN CVRWQCB 
(2009) 

South Yuba River near Bridgeport 
Smallmouth 
Bass 

3 
(composite) 

0.69 ≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

New Bullards Bar Reservoir--East 
Arm near its confluence with the 
West Arm 

Smallmouth 
Bass 

13 
0.22 - 0.68 
avg 0.39 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

New Bullards Bar Reservoir--East 
Arm near the Willow Creek inlet 

Bluegill 3 
0.12-0.39 
(avg 0.21) 

≥ 150 

Melwani et al. (2007) IN CVRWQCB 
(2009) 

Carp 11 
0.34-0.83 
(avg 0.52) 

≥ 150 

Largemouth 
Bass 

1 0.61 ≥ 150 

Smallmouth 
Bass 

10 
0.29-0.72 
(avg 0.48) 

≥ 150 

Carp 
6 

(composite) 
0.61 ≥ 150 

SWRCB (2002) IN CVRWQCB 
(2009) Smallmouth 

Bass 
5 

(composite) 
0.63 ≥ 150 

New Colgate Powerhouse Reach, 
approximately 1.3 miles upstream 
of USACE’s Englebright 
Reservoir 

Smallmouth 
Bass 

5 
0.27 - 0.56 
avg of 0.38 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

USACE’s Englebright 
Reservoir—South Yuba Arm, 
Hogsback Ravine Arm, and mid-
section. 
 

largemouth 
smallmouth and 
spotted bass 

56 0.45 (mean) 
338 

(mean) May et al. (2000) and Slotton et al. 
(1997) IN CVRWQCB (2001); 
Slotton et. al. in press IN OEHHA 
(2009) 

Bluegill and 
green sunfish 

31 0.30 (mean) 
161 

(mean) 

Rainbow trout 49 0.08 (mean) 
290 

(mean) 
Carp 1 0.88 440 

Slotton et al. (1997) 
Hardhead 1 0.47 540 
Sacramento 
sucker 

5 0.41-0.89 410-523 

Narrows 2 Powerhouse Reach, 
Lower Yuba River, approximately 
2.2 miles downstream of 
Englebright Dam 

Rainbow Trout 9 
0.07 - 0.13 
avg 0.10 

≥ 150 
Slotton et al. (1997) in CVRWQCB 
(2009) 
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Table 4.2-1.  (continued) 

Location 
Species 

Sampled 
Number of 

Fish 

Mercury, 
Total 

(ppm)1 

Total 
Length 
(mm) 

Data Source 

IN THE PROJECT AREA (continued) 
Little Deer Creek  at Pioneer 
Park, less than one mile from the 
confluence with Deer Creek 
(tributary to Yuba River) 

Brown trout 6 
0.23 - 0.39 
avg 0.32 

≥ 150 
May et al. (2000); SWRCB (2002) IN 
CVRWQCB (2009) 

DOWNSTREAM OF THE PROJECT AREA 

Daguerre Point Dam Reach, 
Lower Yuba River, approximately 
0.9 miles upstream of its 
confluence with the Feather River 

Rainbow Trout 1 0.02 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

Sacramento 
Pikeminnow 

1 0.46 

Sacramento 
Sucker 

2 
0.22 and 

0.38 
Smallmouth 
Bass 

4 
0.26-0.72 
(avg 0.43) 

Lower Yuba River, approximately 
3.6 miles upstream of its 
confluence with the Feather River 

Sacramento 
Pikeminnow 

2 
0.31 and 

1.43 
≥ 150 

Davis et al. (2002) IN CVRWQCB 
(2009) Sacramento 

Sucker 
5 

(composite) 
0.39 

Rainbow Trout 3 
0.08-0.1 (avg 

0.09) 
310 (avg) 

Grenier et al. (2007) IN CVRWQCB 
(2009) 

Sacramento 
Pikeminnow 

5 
0.19-1.58 
(avg 0.84) 

≥ 150 

Sacramento 
Sucker 

3 
0.11-0.73 
(avg 0.26) 

420 (avg) 
1 All concentrations are in wet-weight. 

 
 
In the Project Area, Slotton et al. (1997) also observed notably lower invertebrate mercury 
concentrations below many of the foothill reservoirs, as compared to concentrations in similar 
biota upstream. Specifically, the invertebrates below New Bullard's Bar Dam were considerably 
lower in mercury than those collected upstream of the reservoir on the North Yuba River.  
Similarly, the invertebrates collected below the USACE’s Englebright Reservoir were 
consistently far lower in mercury than samples collected upstream of the reservoir on the Middle 
and South Yuba River.  In contrast, however, reservoir dwelling fish had higher mercury tissue 
concentrations than fish collected from Coastal Range reservoirs, near historic mercury mines.  
This would suggest that mercury in the Sierra Nevada reservoirs is in a more bioavailable form 
than mercury in the Coastal Range reservoirs (Slotton et al. 1997). 
 
Historic data demonstrates mercury concentration in fish; however, additional information 
regarding some sport fish species in the Project’s New Bullards Bar Reservoir would be useful. 
 
In 2009, 66 fish were collected and analyzed from five reservoirs upstream of or near the Project 
as part of the Federal Energy Regulatory Commission relicensing of Nevada Irrigation District’s 
Yuba-Bear Hydroelectric Project (FERC Project No. 2310) and Pacific Gas & Electric’s Drum-
Spaulding Project (FERC Project No. 2266) (NID and PG&E 2010).  In addition to mercury, 
which is discussed above, fish tissue were also analyzed for copper, selenium and silver in fish 
collected from Jackson Meadows Reservoir, Faucherie Lake, Bowman Lake, Fordyce Lake and 
Lake Spaulding. The fish species examined included rainbow trout, brown trout, kokanee, and 
Chinook salmon.  Copper was found in both fish tissue and surface water collected from the 
same reservoirs.  Selenium was found in fish tissue, but was not detected in surface water.  Silver 
was not detected in any sample, nor was it found in surface water at the low reporting limits 
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employed.  Arsenic was found in trace quantities in surface water, but was not analyzed for in 
fish tissue.  All of these metals can be found in chemical forms known to bioaccumulate, but at 
much lower rates of uptake than mercury. 
 
It would be practical to also analyze the collected samples for other metals, such as copper, 
selenium, and silver, to be consistent with upstream studies, and arsenic a bioaccumulative 
constituent of concern in the watershed. 
 

5.0 Study Methods and Analysis 
 
The sampling and analysis plan (SAP) and quality assurance project plan (QAPP) of the 
SWRCB’s Surface Water Ambient Monitoring Program’s (SWAMP) on-going statewide survey 
of contaminants in lake and reservoir sport fish will be followed (Davis et al 2007; Bonnema 
2007). 
 
5.1 Study Area 
 
The study will be conducted within:  1) the reservoir habitat of New Bullards Bar Reservoir, 2) 
the impounded stream waters behind Our House Diversion Dam, and 3) the impounded stream 
waters behind Log Cabin Diversion Dam. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
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data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
This study will include five steps: 1) sample collection, 2) laboratory analysis, 3) evaluation of 
measured methylmercury fish tissue concentrations for consistency with the screening-level 
human health protective thresholds, 4) quality assurance, and 5) report preparation.  Each of the 
steps is described below. 
 
5.3.1 Step 1 – Sample Collection 
 
Field samples will be handled in a manner consistent with the SWRCB Surface Water Ambient 
Monitoring Program (SWAMP) Bioaccumulation Oversight Group (BOG) Quality Assurance 
Project Plan (QAPP) (Bonnema 2007).  The SWAMP BOG QAPP incorporates the collection 
methods outlined in the California Environmental Protection Agency’s (Cal EPA) General 
Protocol for Sport Fish Sampling and Analysis (Cal EPA 2005) and California Department of 
Fish and Game’s (CDFG) Method #MPSL-102a (CDFG 2005) for handling of fish.  Being 
consistent with the SWAMP BOG QAPP ensures that tissue results would be consistent with 
SWAMP’s ongoing statewide fish tissue sampling campaign (Davis et al 2009; Davis et al. 
2010). 
 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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OEHHA requires at least nine individual fish from a species at a water body to advise for that 
species (OEHHA 2009).   Sport fish species of edible size, as defined in Cal EPA (2005), will be 
targeted for collection (Table 5.3.1-1). Resident salmonid species (Oncorhynchus nerka and O. 
mykiss) and smallmouth bass (Micropterus dolomieu) will be the target species for New Bullards 
Bar.  Rainbow trout and brown trout (Salmo trutta) are the fish of interest in the diversion 
impoundments. 
 
Table 5.3.1-1. Target fish species, sizes and numbers by location. 

Sampling Location1 Species 
Target Number of Fish  

for Collection2  
Edible Size3  

(minimum total length) 
NORTH YUBA RIVER 

New Bullards Bar Reservoir  
Smallmouth bass 9 ≥305 millimeters 
Kokanee salmon4 9 ≥200 millimeters 
Rainbow trout4 9 ≥200 millimeters 

OREGON CREEK
Our House Diversion Dam 
Impoundment  

Rainbow trout 9 ≥200 millimeters 
Brown trout 9 ≥200 millimeters 

MIDDLE YUBA RIVER
Log Cabin Diversion Dam 
Impoundment  

Rainbow trout 9 ≥200 millimeters 
Brown trout 9 ≥200 millimeters 

1 Fish will be collected over one or two visits. 
2 OEHHA (2009) 
3 Appendix I of Cal EPA (2005) 
4 Kokanee salmon (Oncorhynchus nerka) and rainbow trout (O. mykiss), are the fish species most routinely sought by fishermen in New Bullards 

Bar. (Brady, pers. comm) 

 
 
The Marine Pollution Studies Laboratory (MPSL) of the CDFG at Moss Landing will collect the 
fish from New Bullards Bar for this study.  Fish will be collected by electroshocking, fishing line 
or gill nets over one or two visits.  For each fish collected, the following attributes will be 
recorded: species, total length or fork length in millimeters (mm), as appropriate, and weight in 
grams (g).  Electroshock, gill net and line fishing sites will be recorded using a hand-held GPS 
unit. 
 
5.3.2 Step 2 – Perform Analysis 
 
Fish tissue samples will be delivered by the MPSL-CDFG to their laboratory in Moss Landing, 
California, a California-certified analytical laboratory.  Analytical methods will be consistent 
with the SWRCB SWAMP BOG QAPP, which includes the criteria for data quality 
acceptability, testing (including deviations), calibration, and preventative and corrective 
measures (Bonnema 2007).  Individual samples will be analyzed for total mercury, which is 
assumed to be comprised primarily of methylmercury.5  Tissue will also be analyzed for arsenic, 
copper, selenium and silver.  The methods and reporting limits for mercury and the four 
additional metals in fish tissue are provided in Table 5.3.2-1. 
 
Table 5.3.2-1.  Analytical methods and reporting limits. 

Metal Analytical Method 
Reporting Limit 
(µg/g wet-weight) 

Mercury EPA 74731 0.03 
Arsenic EPA 200.8 0.30 

                                                 
5  Of the total amount of mercury found in fish muscle tissue, methyl mercury comprises more than 95 percent (ATSDR 1999; 

Bloom 1992). 
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Table 5.3.2-1.  (continued) 
Metal Analytical Method 

Reporting Limit 
(µg/g wet-weight) 

Copper EPA 200.8 0.20 
Selenium EPA 200.8 0.40 
Silver EPA 200.8 0.01 

1  EPA 7473 analyzes for mercury in solids and solutions by thermal decomposition, amalgamation and atomic absorption spectrometry (EPA 
1998) 

  µg/g = micrograms per gram or parts-per-million 

 
 
Results will be reported in wet-weight; however percent moisture will be measured and reported. 
 
5.3.3 Step 3 – Consistency with Human Health Protective Thresholds 
 
Methylmercury water quality objectives are expressed as fish tissue concentrations.6   
Consequently, results of mercury analyses will be compared to California’s threshold level for 
determining the potential impairment of a body of water based on pollutants in fish tissue (Davis 
et al. 2009).  Measured mercury tissue concentrations will be compared to the OEHHA’s current 
Advisory Tissue Level (ATL) of 0.070 ppm mercury wet-weight (Klasing and Brodberg 2008).  
The threshold from Klasing and Brodberg (2008) corresponds to a concentration at which 
OEHHA would begin to consider advising limiting consumption by children and women of 
child-bearing age to fewer than eight meals per month.  Similarly, OEHHA may recommend no 
consumption by children and women of child-bearing age when fish tissue methylmercury 
concentrations are greater than or equal to 0.44 ppm wet-weight.  By way of comparison, the 
ATL for an adult male ingesting one serving of fish per week is 0.44 ppm to 1.3 ppm wet-
weight. 
 
As agreed with the SWRCB, YCWA will report the concentrations of arsenic, copper, selenium 
and silver in fish tissue, but for these metals will not discuss consistency with human health or 
other criteria/objectives/thresholds. 
 
5.3.4 Step 4 – Quality Assurance 
 
Field and laboratory quality assurance will be ensured by following standard protocols, 
consistent with the SWRCB SWAMP BOG QAPP (Bonnema 2007). 
 
MPSL-CDFG is a California-certified laboratory.  Analytical methods will be consistent with the 
SWRCB SWAMP BOG QAPP (Bonnema 2007), which includes the criteria for data quality 
acceptability, testing (including deviations), calibration, and preventative and corrective 
measures.  Laboratory quality assurance documentation will be attached to the report. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
                                                 
6  For example, the Federal ambient water quality criterion for mercury is 0.3 mg/kg (or ppm) methylmercury/fish tissue wet-

weight, regardless of a person’s age or meal frequency (USEPA 2001). 
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study proposal, if any.  Fish tissue concentrations greater than the mercury ATL will be 
highlighted.  MPSL-DFG’s field data, laboratory report, and quality assurance information will 
be attached.  Mercury arsenic, copper, selenium and silver data will be available in Microsoft 
Excel format. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study proposal as follows assuming FERC’s 
Study Plan Determination is deemed final on September 16, 2011 and the study is not disputed 
by a mandatory conditioning agency: 
 
Collect Data (Step 1) ................................................................................. October-November 2011 
Lab Analysis (Step 2).................................................................... December 2011 – February 2012 
Consistency with Thresholds (Steps 3) .............................................................. March – April 2012 
Quality Assurance (Step 4) .................................................................................... May – June 2012 
Report Writing  ............................................................................................. July – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The  methods discussed above are consistent with the study methods followed in several other 
relicensings.  The methods presented in this study plan also are consistent with those used in 
recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $80,000 and 
$100,000. 
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Study 2.51 

WATER TEMPERATURE MONITORING 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect water 
temperature. 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
YCWA believes that five agencies have jurisdiction over water quality, including water 
temperature, and the resources that could be potentially affected in the geographic area included 
in this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 5) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWA is actively collecting stream water temperature data upstream, within and downstream of 
the Project, and is also collecting reservoir water temperature data in New Bullards Bar 
Reservoir and in the United States Army Corps of Engineer’s (USACE) Englebright Reservoir.  
Table 5.3.1-1 lists YCWA’s stream temperature data collection network and the period of record 
for each site as of July 2009.  Data have been collected at several locations in the Yuba River 
below USACE’s Englebright Dam since 2003; at other locations, data collection began in 
summer 2008.  Reservoir temperature data have been recorded twice per month by YCWA since 
1990 at a single point near the upstream face of New Bullards Bar Dam and at a single point near 
the upstream face of USACE’s Englebright Dam.  Normally, reservoir data have been collected 
at 10-foot intervals, along with in situ air temperature. Data collected during these efforts is 
available in the Preliminary Information Package (YCWA 2009) in section 7.2.9, Existing Water 
Quality Information. 
 

4.0 Study Goals and Objectives 
 
The goals of this Water Temperature Monitoring Study are: 1) to characterize water temperature 
conditions in reservoirs and river reaches potentially affected by continued Project O&M; and 2) 
to facilitate development of a water temperature model or models, as may be necessary, to 
provide useful tools in the Project relicensing.   
 
The objective of the study is to collect water temperature and meteorological data adequate to 
meet the study goals. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba 
River; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the North Yuba River; 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River; and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3  Study Methods 
 
The study will be completed in the four steps: 1) identify monitoring sites; 2) install and maintain 
recorders and download data; 3) perform quality assurance/quality control (QA/QC) of data; and 
4) prepare report.  Step 1 and Step 2 each has three components: 1) stream water temperature 
monitoring; 2) reservoir water temperature monitoring; and 3) meteorological monitoring.  Each 
step is described below. 
 
5.3.1 Step 1 - Identify Monitoring Sites 
 
The locations at stream and reservoir water temperatures and meteorological data will be 
collected are described below. 
 
5.3.1.1 Stream Water Temperature 
 
Table 5.3.1-1 below provides a list of 38 locations at which YCWA will maintain continuous 
water temperature recorders in streams.  Many of these are locations where data have been 
collected previously, to maintain continuous data records. To the extent possible, continuous 
water temperature recorders will be co-located with existing United States Geological Survey 
(USGS) or YCWA stream flow gages. 
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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Table 5.3.1-1.  Locations at which continuous water temperature data will be collected, including current data availability. 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
MIDDLE YUBA RIVER 

-- 
Upstream of Our House 

Diversion Dam Impoundment 
T10a 
T10b 

MYR 12.2 39.413015 -120.994590 3/28/09-2/7/11 -- 

Our House 
Diversion 

Dam Reach 

At Intake to Lohman Ridge 
Diversion Tunnel 

T20 MYR 12.0 39.411910 -120.997427 7/3/08-11/3/10 USGS 11408870 
(PG&E NY17) 

Downstream of Our House 
Diversion Dam 

T30 MYR 11.9 39.410661 -120.998604 10/24/08-11/3/10 USGS 11408880 
(PG&E NY18) 

Oregon 
Creek Reach 

Upstream of North Yuba River 
T90a 
T90b 

MYR 0.0 39.368639 -121.135658 
8/19/08-12/18/08, 3/28/09-

3/7/11 
-- 

OREGON CREEK 

-- 
Upstream of Log Cabin 

Diversion Dam Impoundment 
T40 OC 4.3 39.440146 -121.056149 7/8/08-11/2/10 USGS 11409300 

(PG&E NY19) 

Log Cabin 
Diversion 

Dam Reach 

At Intake to Camptonville 
Diversion Tunnel 

T50 OC 4.1 39.440491 -121.058746 7/8/08-11/3/10 USGS 11409350 
(PG&E NY30) 

Downstream of Log Cabin 
Diversion Dam 

T60 OC 4.0 39.439455 -121.059264 8/30/08-11/3/10 USGS 11409400 
(PG&E NY20) 

Upstream of confluence with  
Middle Yuba River 

TBC  OC 0.1 TBD TBD 
To Be Installed Upon Study 

Proposal Approval 
-- 

NORTH YUBA RIVER 

-- Upstream of New Bullards Bar Reservoir 
T65a 
T65b 

NYR 16.0  39.523728 -121.090972 1/1/08-8/11/10 -- 

New 
Bullards Bar 
Dam Reach 

At Low Flow Releases 
from New Bullards Bar Dam 

T70a 
T70b 

NYR 2.3 39.392348 -121.141584 7/18/08-11/3/10 
USGS 11413517 
(PG&E NY23) 

Upstream of Middle Yuba River 
T80a 
T80b 

NYR 0.0 39.368694 -121.136793 
8/19/08-12/18/08, 3/28/09-

11/9/10 
-- 

SOUTH YUBA RIVER 

-- 
At Jones Bar 

(data collected on 1-hr interval, rather than every 15 
min)  

Jones Bar a 
Jones Bar b 
Jones Bar c 

SYR 6.2 39.292222 -121.103610 5/16/08 – 11/3/10 
USGS 11417500 
(PG&E NY29) 

DOBBINS CREEK 

-- At Lake Francis Outlet2 
T140a 
T140b 

DC 2.4 39.359171 -121.205168 4/2/09-11/9/10 -- 

-- Upstream of Yuba River 
T145a 
T145b 

DC 0.1 39.329735 -121.197641 4/2/09-11/9/10 -- 

DRY CREEK 

-- Upstream of Yuba River 
T185a 
T185b 

DryC 0.7 39.228930 -121.402270 4/1/09-2/14/10 -- 

DEER CREEK 

-- Upstream of Yuba River 
T175a 
T175b 

DeerC 0.9 39.224091 -121.269866 2/3/09-11/3/10 -- 
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Table 5.3.1-1.  (continued) 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
YUBA RIVER 

Middle/ 
North Yuba 
River Reach 

Downstream of Confluence of North Yuba River and 
Middle Yuba River 

T100a 
T100b 

YR 39.7 39.367839 -121.136655 
8/19/08-12/18/08, 3/28/09-

11/9/10 
-- 

Upstream of New Colgate Powerhouse 
T110a 
T110b 

YR 34.1 39.330602 -121.187675 
8/19/08-12/18/08, 3/28/09-

3/8/11 
-- 

New 
Colgate 

Powerhouse 
Reach 

In Colgate Powerhouse Penstock T120 YR 33.9 39.330824 -121.191565 1/1/08-3/31/11 -- 

Downstream of New Colgate Powerhouse 
T130a 
T130b 

YR 33.8 39.330260 -121.193169 
8/19/08-12/18/08, 3/28/09-

3/8/11 
-- 

Downstream of 
Dobbins Creek 

T150a 
T150b 

YR 33.6 39.328398 -121.196162 3/28/09-11/9/10 -- 

In Narrows #2 Powerhouse Penstock 
T160a 
T160b 

YR 23.9 39.238911 -121.270034 5/5/09-3/31/11 (PG&E NY24) 

Downstream of Narrows #2 Powerhouse at Smartville T170 YR 23.6 39.235799 -121.272688 4/15/09-2/14/11 
USGS 11419000 
(PG&E NY28) 

Downstream of Narrows #2 Powerhouse at Smartville  
(data collected on 1-hr interval, rather than every 15 

min) 

Smartville a 
Smartville b 
Smartville c 

YR 23.6 39.235799 -121.272688 WY2003 - 2007 
USGS 11419000 
(PG&E NY28) 

Downstream of 
Deer Creek 

T180a 
T180b 

YR 22.7 39.230047 -121.285165 11/8/08-2/14/11 -- 

Downstream of 
Dry Creek 

T190a 
T190b 

YR 13.3 39.219611 -121.415128 11/8/08-3/9/09 -- 

At Parks Bar 
(data collected on 1-hr interval, rather than every 15 

min) 

Parks Bar a 
Parks Bar b 
Parks Bar c 

YR 17.4 39.219612 -121.346980 6/14/04 – 10/25/10 -- 

At Long Bar 
(data collected on 1-hr interval, rather than every 15 

min) 

Longs Bar a 
Longs Bar b 
Longs Bar c 

YR 16.0 39.218503 -121.369961 4/8/04 – 12/9/10 -- 

Upstream of  
USACE’s Daguerre Point Dam 

T200a 
Y200b 

YR 11.5 39.208009 -121.443116 11/8/08-2/15/11 -- 

USACE’s 
Daguerre 

Point Dam 
Reach 

 

At USACE’s Daguerre Point Dam 
Fish Ladder 

T210a 
T210b 

YR 11.4 39.207853 -121.443529 11/18/08-11/14/10 -- 

At USACE’s Daguerre Point Dam 
Fish Ladder 

(data collected on 1-hr interval, rather than every 15 
min) 

Daguerre a 
Daguerre b 
Daguerre c  

YR 11.4 39.208009 -121.443116 WY2003 – 2007 -- 

At Walnut Avenue (Near Western Extent of Yuba 
Goldfields) 

T220a 
T220b 

YR 8.1 39.188220 -121.495307 8/28/08-2/7/11 -- 

At Marysville Gage  
(data collected on 1-hr interval, rather than every 15 

min) 

Marysville a 
Marysville b 
Marysville c 

YR 6.0  39.176164 -121.524386 
WY2003 – 2007, 1/1/08 – 

4/1/11 
USGS 11421000 

Upstream of Simpson Lane (Between Yuba Goldfields 
and Marysville) 

T230a 
T230b 

YR 4.8 39.165328 -121.541350 8/28/08-2/7/11 -- 

At Marysville 
(Downstream of Highway 70 Bridge 

T240a 
T240b 

YR 0.7 39.134510 -121.590720 8/21/08-3/2/11 -- 
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Table 5.3.1-1.  (continued) 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
FEATHER RIVER 

-- Upstream of Yuba River 
T250a 
T250b 

-- 39.139425 -121.607282 8/15/08-3/2/11 -- 

-- Downstream of Yuba River on Right Bank 
T260a 
T260b 

-- 39.108603 -121.603149 8/15/08-3/2/11 -- 

-- Downstream of Yuba River on Left Bank 
T270a 
T270b

-- 39.108594 -121.604663 8/19/08-3/2/11 -- 
1   YCWA has installed redundant water temperature recorders at all locations except locations that are co-located with secure USGS stream flow gages or secure penstock sites. 
2   Water temperature data collected only when Lake Francis releases water. 
3   Co-located means that a flow gage may be in the vicinity of the water temperature recorder, but possibly not at the exact location. 
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5.3.1.2 Reservoir Water Temperature 
 
Table 5.3.1-2 provides a list of locations at reservoir profiling will occur. 
 
Table 5.3.1-2.  Reservoir profile locations by reservoir.  Profiles taken about every 2 weeks from 
March through November, unless otherwise stated. 

Reservoir Location 
Designation 

for Site 
River 
Mile 

Latitude Longitude Period of Record 

NORTH YUBA RIVER 

New 
Bullards Bar 

Reservoir 

Approximately 100-200 feet 
upstream of center point of 

main dam 
NY2.T455 NYR 2.3 39.397148 -121.135863 

About Every 2 Weeks 
from March through 

November  
from 08/25/89 to 5/2010 

YUBA RIVER 
USACE’s 

Englebright 
Reservoir 

Approximately 100-200 feet 
upstream of center point of 

main dam 
NY14.T455 YR 24.0 39.240959 -121.268811 

About Every 2 weeks from 
March through November  
from 01/24/90 to 5/2010 

USACE’s 
Englebright 
Reservoir 

Approximately 3.3miles  
upstream of center point of 

main dam 
-- YR 27.2 39.276111 -121.259497 

About Every 2 weeks from 
March through November 

1990 to present 

 
 
5.3.1.3 Meteorological Data 
 
Table 5.4.1-3 identifies locations where YCWA or another party has installed and maintains a 
meteorological station in the immediate vicinity of the Project. 
 
Table 5.3.1-3.  Metrological stations by Project facility. 

Project 
Facility 

Location 
Designation 

for Site 
Elevation1 Latitude Longitude Parameter 

Date 
Installed 

MIDDLE YUBA RIVER 

Our House 
Diversion 

Dam 

On Right 
Abutment of 

Dam 
OHD2 1,960 ft 39.4120°N 120.9964°W 

Min, Max and 
Mean Daily Air 

Temp2 
12/19/06 to Present 

Precipitation2 12/19/06 to Present 
NORTH YUBA RIVER 

New Bullards 
Bar 

Reservoir 

On north bank 
about 0.25 ft 
Upstream of 

Dam 

BUD3 2,100 ft 39.3963°N 121.1439°W 

Min, Max and 
Mean Daily Air 

Temp3 
11/16/09 to Present 

Humidity3 11/16/09 to Present
Wind Speed and 

Direction3 
11/16/09 to Present

Solar Radiation3 11/16/09 to Present
Precipitation3 11/16/09 to Present

YUBA RIVER 

New Colgate 
Powerhouse 

On Deck of 
Powerhouse 

CGT4 600 ft 39.3308°N 121.1900°W 

Min, Max and 
Mean Daily Air 

Temp4 
10/1/05 to Present 

Precipitation4 11/14/05 to Present 
1   National Geodetic Vertical Datum of 1928. 
2  These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “OHD” (Our House Dam). 
3 These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “BUD” (Bullards Bar). 
4 These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “CGT” (Colgate Powerhouse). 
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5.3.2 Step 2 – Install and Maintain Recorders and Download Data 
 
Methods that will be used to install and maintain recorders, and collect data are described below.  
In general, anecdotal information that will be collected during each field visit to collect water 
temperature data will include: 1) general description of the weather; 2) start and end time of data 
collection; 3) air temperature at the start and end time of data collection; 4) maximum water 
depth where the observation is recorded; and 5) additional general comments regarding the data 
collection process.  In addition, during initial installation of each recorder, YCWA will prepare a 
narrative description of each site, including the specific locations of recorders, and has taken 
photographs of each location. 
 
At this time, YCWA intends to remove all water temperature recorders above Englebright 
Reservoir in late October 2012.  Prior to removing the recorders, License will consult with 
Relicensing Participants regarding the need to maintain any gages for the purpose of water 
temperature modeling (See the Water Temperature Modeling Study).   
 
5.3.2.1 Stream Water Temperature 
 
Continuous water temperature will be recorded every 15 minutes at the 33 sites listed in Table 
5.4-1: 22 are located within the active streams; 9 of these are co-located and are installed within 
USGS steam flow gaging structures; and two are located in powerhouse penstocks.  In addition, 
YCWA will collect continuous water temperature on one-hour intervals at five locations, two of 
which are co-located with a USGS gage. 
 
Water Temperature Recorders in the Active Channel 
 
The stream water temperature recorders in the active flow channel will have 12-bit resolution 
with a minimum accuracy of +/- 0.2o C (i.e., Onset or equivalent).  Each stream recorder will be 
contained in a durable protective housing that permits the active flow of water in and around the 
unit.  Each stream recorder will be secured by a cable to a stable root mass, tree trunk or man-
made structure, or secured using embedded rebar where necessary such that the recorder will be 
secured in the channel during high flow periods.  The stream recorders will be installed in the 
channel thalweg, and the housing and cable will be disguised as much as possible while ensuring 
the ability to retrieve the unit for future downloads.  A GPS coordinate will be taken and 
recorded at each installation point, along with any waypoints that may prove valuable for future 
retrieval, especially where there is not a defined trail leading to the access point.  Photographs of 
the recorder site, including installation configuration, will be taken.  Each recorder will be set to 
record water temperature at 15 minute intervals.  YCWA will visit each recorder and download 
data at least monthly. 
 
Prior to installation, each recorder will be numbered and calibrated to manufacturer’s 
recommended specifications.  YCWA will install a redundant water temperature recorder at each 
site.  Redundant recorders will be located as close as possible to the primary recorders.  Where a 
redundant recorder occurs, the primary recorder will be labeled with the recorder number for the 
site (e.g., “T100”) with the suffix “a” and the redundant recorder with the number for the site 
with the suffix “b”.  Data from both recorders will be downloaded during each scheduled visit.  
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Data from higher elevation recorders subject to being snowbound or inaccessible due to high 
spring flows or requiring difficult access will be downloaded as soon as possible each spring and 
again prior to winter storms. 
 
During each visit, YCWA will download data into an optic shuttle or directly to a personal 
computer.  Immediately after the data are safely downloaded, back-ups will be recorded on 
compact disc (CD) or other suitable medium.  Only after the raw water temperature data are 
safely backed-up will the optic shuttle be cleared or the data manipulated. 
 
Prior to each download of data, a National Institute of Standards and Technology (NIST) 
traceable digital thermometer will be used to determine the water temperature at the recorder.  
The water temperature reading from the NIST-traceable thermometer will be compared to the 
last logger reading to check for accuracy drift of the recorder. 
 
In addition, during each site visit, YCWA will be prepared to replace or fix a recorder 
installation.  Should a recorder need to be replaced because it is missing or has failed, YCWA 
will be able to do so immediately to reduce the potential for additional data loss.  Any recorder 
or optic shuttle that fails to download will be returned to the manufacturer for possible data 
recovery. 
 
During each visit besides downloading data from the recorder, YCWA will also check equipment 
operation/calibration, battery life, and calibrate the instrument to manufacturer’s specifications.  
After the recorder is removed from the water, it will be cleaned and visually inspected. 
 
YCWA will maintain a record of all recorder installations and data downloads for a comparison 
between the NIST-traceable thermometer and recorder water temperature readings, and a record 
of any problems that were encountered in the field. 
 
Water Temperature Recorders in Stream Margins 
 
After the first Special-Status Amphibians – Foothill Yellow-Legged Frog (FYLF) Study (Study 
3.4) survey effort (e.g., for egg masses), YCWA will install three to four continuous water 
temperature recorders at each of up to four locations upstream of Englebright Reservoir.  YCWA 
and Relicensing Participants will collaboratively agree on each specific location and the siting of 
the specific recorders, with a goal that each location is: 1) in the margin of the stream channel 
(e.g., edge of runs, pool tailouts, and backwater pools/eddies at the top or bottom of lateral and 
median cobble bars); 2) in potential or known occupied FYLF habitats; and 3) if possible, near 
an existing water temperature recorder (Table 5.3.1-1).  If possible, the recorders will also be 
located where a Channel Morphology Study (Study 1.1) cross-section is located. 
 
The recorders will be installed in series at each location with one recorder near the water’s edge 
(shallow) one in somewhat deeper (mid depth), and one in deeper water (deep).  YCWA will 
install a pressure transducer at the deep water recorder.  It is the intent that at least the shallow 
and mid depth recorder are in locations that represent FYLF egg laying habitat.  YCWA will 
establish a benchmark at water’s edge when the recorders are first installed, and the location and 
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depth of each recorder in relation to the benchmark and water’s edge will be recorded.  The 
target depth of the shallow recorder is 12 to 44 cm.  
 
The recorders will be maintained as described above for Water Temperature Recorders in the 
Active Channel. 
 
Water Temperature Recorders at USGS Streamflow Gage Sites 
 
As shown in Table 5.4-1, YCWA will maintain 11 continuous water temperature recorders at 
USGS stream flow gaging sites.  Data will be collected hourly by means of a Waterlog H-350 
XL Instrument.  Gages will be maintained by YCWA through a contractor.  Data is stored in a 
data logger and downloaded monthly. 
 
Water Temperature Recorders in Powerhouse Penstocks 
 
YCWA will maintain two continuous water temperature recorders in powerhouse penstocks: one 
at the New Colgate Powerhouse and one at the Narrows 2 Powerhouse.  Hourly temperature data 
will be collected by means of Honeywell Truline device, which trends the data on a chart-
recorder and also transmits the data to the YCWA’s Supervisory Control and Data Acquisition 
(SCADA) system. 
 
5.3.2.2 Reservoir Water Temperature 
 
Reservoir profiles will be taken at New Bullards Bar and USACE’s Englebright reservoir at a 
target frequency of about every 2 weeks year round.  Sampling will occur at one location near 
the dam in New Bullards Bar and in Englebright Reservoir, at one location near the dam and one 
location approximately 3.3 miles upstream of the dam.  A GPS receiver will be used during each 
successive sampling occasion to locate the geographical coordinates of each sample site.  Care 
will be taken to identify the same site for successive profiles where water conditions and GPS 
accuracy allow.   
 
Prior to mid 2010, YCWA measured reservoir water temperature by use of a Fluke 50S K/J 
thermometer.  The device was lowered in 10-ft intervals, allowed to stabilize, and then a 
recording was made.   The maximum depth sampled in New Bullards Bar Rservoir was 300 ft or 
the bottom, whichever was less, and the maximum depth sampled in USACE’s Englebright 
Reservoir was 100 ft or the bottom, whichever was less. 
 
Beginning in mid 2010, YCWA will use a Hydrolab® DataSonde 5® multi-parameter water 
quality monitoring system (or equivalent) to measure water temperature (±0.2° C) and dissolved 
oxygen (±0.2 milligrams per liter (mg/l) at each of the reservoir sampling sites).  Dissolved 
oxygen (DO) will be calibrated at each reservoir following the manufacturer’s calibration 
protocols.  Generally, measurements will be taken at 10-foot vertical increments where the 
change in temperature with respect to depth is low.  Where the temperature gradient is higher or 
where measuring an interflow or an underflow, 5-foot or smaller vertical increments will be 
used.  At each sample depth, the parameter readings will be allowed to stabilize before water 
temperature and DO will be recorded on the data sheet.  When possible, profiling will occur up 
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to a depth of about 300 feet or the bottom, whichever is less, in New Bullards Bar Reservoir, and 
120 feet or the bottom, whichever is less, in USACE’s Engelbright Reservoir. 
 
Also beginning in mid 2010, YCWA will collect with each reservoir water temperature profile a 
Secchi disk depth reading as an indicator of water clarity and photic zone.  Secchi depth readings 
will be taken by lowering a Secchi disc over the shaded side of the boat until the disc is no longer 
visible from the boat.  The disk will then be raised until visible, at which location the depth of 
the disc will be recorded in tenths of a foot, and the average of the two readings will be used as 
the water clarity reading for that location. 
 
5.3.2.3 Meteorological Data 
 
The stations at Our House Diversion Dam, New Colgate Powerhouse and New Bullards Bar 
Dam are operated and maintained by the California Department of Water Resources (CDWR) 
with data collected by satellite.  Hourly data is available on the CDEC website under OHD (Our 
House Dam), CGT (Colgate Powerhouse), and BUD (New Bullards Bar Dam).   
 
5.3.3 Step 3 – Perform QA/QC Review of Data 
 
Following data collection, YCWA will subject all data to a quality assurance/quality control 
(QA/QC) procedures including, but not limited to: 1) checking field data sheets (e.g., comparison 
of NIST-traceable thermometers and recorder readings) to be sure no corrections are needed; 2) 
spot-checking data; and 3) reviewing recorder readings and electronic data for completeness.  
The datasets will also be reviewed graphically to check for errors.  If any datum seems 
inconsistent during the QA/QC procedure, YCWA will investigate the problem.  Values that are 
determined to be anomalous will be removed from the database if the reason for the reading 
cannot be identified. 
 
If data are unavailable for brief periods of the record, the missing data will be synthesized into 
the record using a straight line interpolation method, and the data will be indicated as 
“synthesized” in the record and all subsequent summaries. 
 
The raw data files will be retained in their unaltered state for future QA/QC reference.  And data 
modified in the final record will be so indicated in the record. 
 
5.3.4 Step 4 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include, in Microsoft 
Excel and DSD format, on compact disc (CD) all data in mean daily increments except for 
reservoir profile data that will be in instantaneous readings.  The final report will also include 
plots of stream water temperature showing mean daily water temperatures over time with mean 
daily stream flow at a site nearby the monitoring site, if available.  Plots of water temperature 
and DO reservoir profiles will also be included in the report.  
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6.0 Study-Specific Consultation 
 
This study includes one study-specific consultation. 
 
 Prior to removing all water temperature recorders above Englebright Reservoir in late 

October 2012, YCWA will consult with Relicensing Participants regarding the need to 
maintain any gages for the purpose of water temperature modeling (See Water Temperature 
Modeling Study) (Step 2). 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify Sites and Install Recorders (Steps 1 & 2)  ...................................................... October 2011 
Maintain Recorders and Download Data (Step 2) ................. November 2011 - Late October 2012 
Data QA/QC (Step 3) ......................................................................... November & December 2012 
Prepare Report (Step 4) .............................................................................January & February 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methodologies described above for water temperature monitoring, reservoir profiling, and 
meteorological data collection are typical of recent relicensings in California.   
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $150,000 and 
$200,000. 
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Study 2.6 

WATER TEMPERATURE MODEL 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect water 
temperature. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to Be Studied 

 
YCWA believes that five agencies have jurisdiction over water quality, including water 
temperature, and the resources that could be potentially affected in the geographic area included 
in this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 5) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to develop a water temperature model that could be used by all 
Relicensing Participants during relicensing to simulate current and potential future water 
temperature conditions. 
 
The objective of the study is to develop a water temperature model that all interested Relicensing 
Participants agree is reasonably reliable for the purposes of Relicensing, and also agree to use 
this single water temperature model to make Relicensing recommendations.  The model should 
accomplish the following: 
 
 Simulate reservoir and stream water temperatures resulting from Project O&M; 

 Include both Project and non-Project reservoirs and stream reaches below the Project for a 
period of analysis that covers the range of normal variations in hydrology of the Yuba River; 

 Accurately reproduce observed reservoir and stream water temperatures, within acceptable 
calibration standards over a range of hydrologic conditions; 

 Be sensitive to both flow and meteorological conditions. 
 
Development of protection, mitigation, and enhancement (PM&E) measures is not part of this 
study. 
 

4.0 Existing Information and Need for Additional 
Information 

 
YCWA believes adequate information exists to develop a water temperature model that meets 
the above study goal.  Available water temperature data are described in detail in Section 7.2.9 of 
the Preliminary Information Package (YCWA 2009), and as described in YCWA’s Water 
Temperature Monitoring Study, YCWA proposes to continued collection of water temperature 
data through Calendar Year 2013.   
 
Previous modeling efforts have resulted in several different modeling approaches, as described 
below: 
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 In 1991, a water temperature model, the Yuba River Temperature Model (YRTM) (YCWA 
1992), was developed by YCWA in response to California Department of Fish and Game 
(DFG) proposed flow requirements on the lower Yuba River.  This model consisted of the 
following: 

 
 A CE-QUAL-R1 1-dimensional model of New Bullards Bar Reservoir. 
 A series of linear regressions to simulate water temperatures in the Colgate Penstock as a 

function of water temperature from New Bullards Bar Reservoir, flow through the 
penstock, and Marysville air temperature. 

 A series of linear regressions to simulate water temperatures in Englebright Reservoir as 
functions of Colgate Penstock temperatures, flows through the Colgate penstock, and 
Marysville air temperatures. 

 A HEC-5Q 1-dimensional model of the lower Yuba River. 
 
This model operated on a daily basis, and was calibrated for water years 1974, 1976, and 
1977, and a portion of June 1991.  The model was verified by simulating water temperatures 
in 1975 and 1978. 
 
While the regression coefficients for the Colgate Penstock and Englebright Reservoir 
components and the HEC-5Q model for the lower Yuba River are available, the CE-QUAL-
R1 model of New Bullards Bar Reservoir is not available. 
 

 In 2001, a water temperature model of the lower Yuba River was developed by YCWA to 
support testimony before the California State Water Resources Control Board (SWRCB) 
(YCWA 2001).  This water temperature model consisted of three linear regressions for the 
following: 

 Narrows 2 Powerhouse temperatures as a function of Colgate Powerhouse release 
temperature and Marysville air temperature. 

 Yuba River flow temperature at the Marysville gage as a function of Narrows 2 
Powerhouse release temperature, Yuba River flow at Marysville, and Marysville air 
temperature. 

 Yuba River flow temperature at Daguerre Point Dam as a function of Marysville flow 
temperature, Yuba River flow at Marysville, and Marysville air temperature. 

 
The model relied on historical average monthly release temperatures from Colgate 
Powerhouse rather than simulating New Bullards Bar Reservoir water temperatures.  The 
model operated on a monthly basis, and the regressions were computed based on historical 
water temperatures from 1989 through 2001. 
 

 In 2006, an expanded regression-based water temperature model was developed by YCWA 
to support the Yuba River Accord Environmental Impact Report/Environmental Impact 
Statement (EIR/EIS) (YCWA 2007). This water temperature model included regressions for 
the following: 
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 Colgate Powerhouse release temperature as a function of month and New Bullards Bar 
Reservoir storage. 

 Narrows 2 Powerhouse release temperature as a function of Colgate Powerhouse release 
temperature, inflow to Englebright Reservoir, and Marysville air temperature. 

 Daguerre Point Dam flow temperature as a function of Narrows 2 Powerhouse release 
temperature, Yuba River flow at Smartville, and Marysville air temperature. 

 Marysville flow temperature as a function of Narrows 2 Powerhouse release temperature, 
Yuba River flow at Smartville, Yuba River flow at Marysville, and Marysville air 
temperature. 

 
The regressions were developed using historical data from 2000 through 2006, and were 
validated against historical data from 1990 through 2000.  The model operated on a monthly 
time step. 
 

None of these models, as currently developed, adequately addresses the range of operations and 
geography required as part of Relicensing.  Therefore, a new water temperature model is needed 
for Relicensing. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba 
River; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River; 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River; and 4) the portion of 
the Yuba River from the confluence of the North and Middle Yuba rivers to the Feather River, 
including the United States Army Corps of Engineers’ (USACE) Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded, if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods2 
 
The study will consist of six steps, each of which is described below. 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
2  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 
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5.3.1 Step 1 - Select Modeling Platform 
 
The first step will be to select a modeling platform based on its adequacy in meeting specific 
criteria.  After meeting with the Relicensing Participants to discuss specific issues to be 
addressed through results from the water temperature model, YCWA will develop a matrix of 
required model attributes, including a relative weight for each capability and a mechanism for 
scoring the model’s ability to meet the criteria.  After identifying a range of modeling platforms 
previously used in other FERC relicensing processes or other similar studies, YCWA will 
evaluate each platform based on its capabilities relative to the selection criteria.  The model 
platform best meeting those criteria will be selected for use in modeling water temperature 
related to the Project.   
 
During this step, YCWA will meet with Relicensing Participants about progress on the following 
issues: 
 
 Water temperature model output requirements 

 Model selection criteria definition 

 Potential model platform list 

 Potential model scoring against criteria 

 Ultimate model platform selection 

 
The water temperature model must reasonably simulate water temperatures of the stream reaches 
affected by the Project using hydrology from the water balance/operations model and 
meteorological data.  The model platform must accomplish the following: 

 Produce results such that Relicensing Participants agree on the validity of the results; 

 Simulate water temperatures on an appropriate time step to capture biologically-appropriate 
water temperature variability; 

 Simulate water temperatures over the full range of hydrology and meteorology of the Project- 
affected streams. 

 
5.3.2 Step 2 - Develop and Calibrate the Model 
 
After selecting a modeling platform, YCWA will develop and calibrate the water temperature 
model so that inputs, assumptions, operations, and calibration are consistent with operations and 
factors governing water temperature in Project reservoirs and the Yuba River.   
 
The model will include representations of New Bullards Bar Reservoir, Our House Diversion 
Dam, Log Cabin Diversion Dam, the Middle Yuba River below Our House Diversion Dam, 
Oregon Creek below Log Cabin Diversion Dam, Englebright Reservoir, and the Yuba River.  
The model will operate the longest time step possible to capture biologically-important 
variability in water temperatures. 
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New Bullards Bar Reservoir will be simulated as a single-dimensional vertically segmented 
profile located near the New Colgate Powerhouse intake tower.  This will allow the water 
temperature model to capture the variability of release water temperature associated with 
changing water levels.  Hydrologic and water temperature inputs to New Bullards Bar Reservoir 
will include the Camptonville Tunnel and North Yuba River.  Releases from the reservoir will be 
made through either the New Colgate Powerhouse, the Fish Release Hydro, or from the spillway.  
The model will incorporate the ability to represent operation of the existing New Bullards Bar 
Dam outlet shutter system and the ability to selectively release through both powerhouse outlet 
tunnels.  The reservoir water temperature model for New Bullards Bar Reservoir will be 
calibrated for the water temperature profile at the New Colgate Powerhouse Intake. 
 
Since neither Our House nor Log Cabin diversion dams on the Middle Yuba River and Oregon 
Creek, respectively, are deep or large enough to develop vertical temperature stratification, they 
will be treated as diversion points, directing flows into the Lohman Ridge and Camptonville 
tunnels, respectively.  Water temperatures in the tunnels and in the Middle Yuba River and 
Oregon Creek will be simulated as longitudinally stratified rivers to their downstream extents.  
Simulated water temperatures for the two reaches will be calibrated for water temperatures 
upstream from the Middle Yuba River confluence with the North Yuba River. 
 
The Yuba River between New Bullards Bar Dam and the upstream extent of Englebright 
Reservoir will similarly be simulated as a longitudinally stratified river.  In addition to inflows 
from New Bullards Bar Reservoir and the Middle Yuba River, releases from the New Colgate 
Powerhouse will be the primary water temperature input for this reach. 
 
To capture travel time for water temperatures across Englebright Reservoir, the reservoir may be 
simulated as either a two-dimensional, vertically and longitudinally stratified reservoir, or as a 
one-dimensional, vertically stratified reservoir with an inflow-dependant lag-time capturing 
travel time for flows across the reservoir.  In either case, the model will be calibrated to compute 
the water temperature profile at the Narrows 2 Powerhouse intake.  In addition to inflow from 
the Yuba River, the South Yuba River will be included as an input to Englebright Reservoir.  
The reservoir water temperature model for Englebright Reservoir will be calibrated for the water 
temperature profile at the Narrows 2 Powerhouse Intake.  The Narrows 1 and Narrows 2 
powerhouses will be included as outlets; the outflow temperatures from these two powerhouses 
will be calibrated at the U.S. Geologic Survey’s (USGS) Smartville3 gage. 
 
The lower Yuba River below Englebright Reservoir will be simulated as a longitudinally 
stratified river, with inputs from Deer Creek and Dry Creek in addition to releases from 
Englebright Reservoir, and diversions at Daguerre Point Dam.  The lower Yuba River water 
temperature model will be calibrated to compute water temperatures at the USGS Marysville 
gage. 
 

                                                 
3  In 2008, the people of this community petitioned to have the name changed to Smartsville, with an “s”.  However, the USGS 

gage refers to the former spelling of the community name.  Therefore, in this document, the community is referred to as such. 
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Available meteorological data, including air temperature, atmospheric pressure, humidity, 
precipitation, solar radiation, and wind speed, and physical parameters such as reservoir area-
storage relationships, river channel geometry, and water turbidity, will be used for water 
temperature model calibration.  Accretions at multiple locations throughout the study area will be 
included to preserve mass balance throughout the system.  Model calibration will use available 
historical hydrology corresponding to the period of record for meteorological data.  A portion of 
the historical data set will be set aside for model validation. 
 
In addition to previously described output, the model will provide output for the locations listed 
in Table 5.3.2-1. 
 
Table 5.3.2-1.  Water temperature model output locations. 

Node 
(River Mile) 

Location 
Hydrologic Reach or Data Source  

(as listed in Water Balance/Operations Model Study Plan) 
MIDDLE YUBA RIVER- 

OUR HOUSE DIVERSION DAM REACH1 

-- 
Inflow into Our House 

Diversion Dam Impoundment 
Input Time Series 

-- Lohman Ridge Tunnel Intake Lohman Ridge Tunnel Intake 

11.9 
Our House Diversion Dam Release to Middle Yuba 

River 
Total Flow Downstream from 

Our House Diversion Dam 

4.6 
Middle Yuba River Upstream from Oregon Creek 

Confluence 
Middle Yuba River Upstream from Oregon Creek Confluence 

4.6 
Middle Yuba River Downstream from Oregon Creek 

Confluence 
Middle Yuba River Downstream from Oregon Creek Confluence 

0.0 
Middle Yuba River Upstream from 

North Yuba River Confluence 
Middle Yuba River Upstream from 

North Yuba River Confluence 
OREGON CREEK- 

LOG CABIN DIVERSION DAM REACH2 

-- 
Upstream Inflow into Log Cabin 

Diversion Dam Impoundment 
Input Time Series 

-- Camptonville Tunnel Intake Camptonville Tunnel Intake 

4.1 Log Cabin Diversion Dam Release to Oregon Creek 
Total Flow Downstream from 

Log Cabin Diversion Dam 

0.0 
Oregon Creek Upstream from 

Middle Yuba River Confluence 
Oregon Creek Upstream from 

Middle Yuba River Confluence 
NORTH YUBA RIVER 

NEW BULLARDS BAR DAM REACH3

-- Upstream Inflow into New Bullards Bar Reservoir Input Time Series 

-- 
New Bullards Bar Reservoir Profile at the New 

Colgate Powerhouse Intake  
Reservoir Simulation 

-- Colgate Powerhouse   Colgate Powerhouse 

2.4 
New Bullards Bar Dam 

Instream Release  
(Fish Flow Powerhouse) 

New Bullards Bar Dam 
Instream Release  

(Fish Flow Powerhouse) 
2.4 New Bullards Bar Dam Spill New Bullards Bar Dam Spill 

2.4 
Total Flow Downstream from 

New Bullards Bar Dam 
North Yuba River Upstream from 
Middle Yuba River Confluence 

0.0 
North Yuba River Upstream from 
Middle Yuba River Confluence 

North Yuba River Upstream from 
Middle Yuba River Confluence 

YUBA RIVER- 
NORTH/MIDDLE YUBA REACH4

39.5 
Yuba River at North and Middle Yuba River 

Confluence 
Yuba River at North and Middle Yuba River Confluence 

34.0 
Yuba River to  

New Colgate Powerhouse 
Yuba River to  

New Colgate Powerhouse 
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Table 5.3.2-1.  (continued) 

Node 
(River Mile) 

Location 
Hydrologic Reach or Data Source  

(as listed in Water Balance/Operations Model Study Plan) 
YUBA RIVER- 

NEW COLGATE POWERHOUSE REACH5

34.0 
Yuba River Downstream from 

New Colgate Powerhouse 
Yuba River Downstream from 

New Colgate Powerhouse 

33.6 Yuba River Downstream from Dobbins Creek 
Yuba River Downstream from 

New Colgate Powerhouse 

32.8 
Inflow into Englebright Reservoir from Middle Yuba 

River 
Yuba River Downstream from 

New Colgate Powerhouse 
YUBA RIVER- 

ENGLEBRIGHT DAM REACH6

-- 
Inflow into Englebright Reservoir from South Yuba 

River 
Input Time Series 

-- Englebright Reservoir Profile at Narrows 2 Intake Reservoir Simulation 
24.0 Englebright Dam Spill Englebright Dam Spill 
23.9 Narrows Powerhouse 2 Release Narrows Powerhouse 2 Release 
23.8 Narrows Powerhouse 1 Release Narrows Powerhouse 1 Release 
23.6 Yuba River Near Smartville Yuba River Near Smartville 
23.0 Yuba River Upstream from Deer Creek Yuba River Near Smartville 
23.0 Deer Creek Inflow Input Time Series 

23.0 
Yuba River Downstream 

from Deer Creek Confluence 
Yuba River Upstream from Dry Creek 

17.4 Yuba River at Parks Bar Yuba River Upstream from Dry Creek 
16.0 Yuba River at Longs Bar Yuba River Upstream from Dry Creek 
13.3 Yuba River Upstream from Dry Creek Yuba River Upstream from Dry Creek 
13.3 Dry Creek Inflow Input Time Series 

13.3 
Yuba River Downstream 

from Dry Creek 
Yuba River Downstream 

of Dry Creek 

12.4 
Yuba River Upstream from Browns Valley Irrigation 

District’s John L. Nelson Fish Screen Facility 
Yuba River Downstream 

of Dry Creek 

12.4 John L. Nelson Fish Screen Facility 
Yuba River Downstream 

from Dry Creek 

12.4 
Yuba River Downstream from Browns Valley 

Irrigation District’s John L. Nelson Fish Screen 
Facility 

Yuba River Downstream 
from Dry Creek 

YUBA RIVER- 
DAGUERRE POINT DAM REACH7 

11.4 Yuba River Upstream from Daguerre Point Dam 
Yuba River Downstream 

of Dry Creek 
11.4 At Daguerre Point Dam Yuba River below Daguerre Point Dam 
11.4 North Canal Diversions Daguerre Point Dam Diversions 
11.4 South Canal Diversions Daguerre Point Dam Diversions 
11.4 Yuba River below Daguerre Point Dam Yuba River below Daguerre Point Dam 

8.1 
Yuba River at Walnut Ave 

(Near Western Extent of Goldfields) 
Yuba River below Daguerre Point Dam 

6.0 Yuba River near Marysville  Yuba River near Marysville 

4.8 
Yuba River at Simpson Lane 

(Between Goldfields and Marysville) 
Yuba River near Marysville 

0.7 Yuba River at Marysville Yuba River near Marysville 
0.0 Yuba River Upstream from Feather River Yuba River near Marysville 

1 Our House Diversion Dam Reach - Middle Yuba River from Our House Diversion Dam to immediately upstream from the confluence with the 
North Yuba River. 

2 Log Cabin Diversion Dam Reach - Oregon Creek from Log Cabin Diversion Dam to immediately upstream from the confluence with the 
Middle Yuba River. 

3 New Bullards Bar Dam Reach - North Yuba River from New Bullards Bar Dam to immediately upstream from the confluence with the Middle 
Yuba River. 

4 North and Middle Yuba Rivers Confluence Reach - Yuba River from the confluence of the North Yuba River and the Middle Yuba River to 
upstream from Colgate Powerhouse. 

5 Colgate Powerhouse Reach - Yuba River from the Colgate Powerhouse to the normal maximum water surface elevation of Englebright 
Reservoir. 

6 Englebright Dam Reach - Yuba River from and including Englebright Reservoir to Daguerre Point Diversion Dam. 
7 Daguerre Point Diversion Dam Reach - Yuba River from the Daguerre Point Diversion Dam to the Feather River. 
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5.3.3 Step 3 - Develop Input Data Set   
 
Concurrent with calibration of the model, YCWA will develop both a meteorological and an 
input-water-temperature data set.  Hydrologic input data are expected to come from YCWA’s 
Water Balance/Operations Model. 
 
A complete set of meteorological data corresponding to the full hydrologic period of record is 
unavailable. Therefore, available full period of record historical meteorology, including air 
temperature and precipitation, may be used, along with available short period of record 
meteorological data, to attempt to statistically synthesize a full period of record of 
meteorological input data, if it is determined that the full period of record is needed to represent 
the water temperature regime of the Yuba River.  If it is not possible to synthesize a full period 
of record input data set, available data from a reduced period of record will be used. 
 
Daily input water temperatures will be determined for the North Yuba River, Slate Creek, the 
South Yuba River, and Oregon, Deer, and Dry creeks.  Since limited historical water temperature 
data are available for study area tributaries for the full period of record, it will be necessary to 
synthesize input water temperatures.  These input water temperatures will be synthesized by 
identifying statistical relationships between available historical water temperature data and 
meteorology and hydrology.  Since flow from accretions is typically very small relative to the 
aforementioned tributaries, accretion water temperatures will only incorporate seasonal variation 
in water temperature rather than daily values for the full period of record.  While New Bullards 
Bar and Englebright reservoirs are expected to partially buffer uncertainties in input water 
temperatures, a reasonable attempt to capture the full range of conditions will be made. 
 
Upstream from the Project, the Nevada Irrigation District (NID) is undergoing a FERC 
Relicensing of its Yuba-Bear Project (FERC 2266), the Pacific Gas and Electric Company 
(PG&E) is undergoing a FERC Relicensing of its Drum-Spaulding Project (FERC 2310), and 
South Feather Water and Power (SFWP) is undergoing a FERC Relicensing of its South Feather 
Power Project (FERC 2088).  Proposed alternative operating criteria for each of these projects 
has the potential to affect inflow water temperatures to the Project from the respective streams.  
To address these potential changes in inflow water temperature, YCWA will compare the 
proposed alternative against the basis of comparison for each of the upstream projects to 
compute the change in water temperature resulting from the proposed alternative.  Changes in 
upstream Project water temperatures will be applied to respective Project tributaries’ inflow 
water temperatures to compute an alternative Project inflow water temperature.  If differing 
periods of records make it impossible to compute a full period of record of alternative Project 
inflow water temperatures, the longest period of record available will be used to evaluate 
changes in upstream project operations using sensitivity studies to characterize changes resulting 
from upstream project alternatives on Project inflow water temperatures. 
 
5.3.4 Step 4 - Validate the Model 
 
Model validation will occur as three tasks.  In the first task, YCWA will evaluate the model by 
comparing model output to the historical record.  Significant differences between historical 
conditions and model runs will be examined, and the causes identified and documented.  Where 
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substantial differences cannot be explained, the model will be recalibrated.  Key validation 
points will be at the following locations: 
 
 Vertical profile in New Bullards Bar Reservoir at New Colgate Powerhouse intake 

 Vertical profile in Englebright Reservoir at Narrows 2 Powerhouse intake 

 River temperature in the Middle Yuba River upstream from its confluence with the North 
Yuba River 

 River temperature at USGS Smartville gage (immediately below Narrows 1 and 2 
powerhouses) 

 River temperature at USGS Marysville gage 
 
In the second task, YCWA will meet with interested Relicensing Participants to review the 
model. This will include a meeting to generally introduce the Relicensing Participants to the 
model.  At that meeting, Relicensing Participants will be given a compact disc (CD) with the 
model, a Model Development Report that describes model inputs and logic and general 
information on running the model, and YCWA’s Draft Model Validation Report.  After a 
reasonable time for review, YCWA will hold a series of workshops with interested Relicensing 
Participants to collaboratively review the model and make modifications, as appropriate. 
 
In the last task, YCWA will finalize the model, and the Model Development and Validation 
reports, and provide these to Relicensing Participants. 
 
5.3.5 Step 5 - Develop Base Case 
 
The base case for the water temperature model will simulate reservoir and stream temperature for 
the same reservoir operations, releases, and diversions as simulated in the YCWA’s Water 
Balance/Operations Model base case.  YCWA will configure the model to represent how YCWA 
currently operates the Project, including all physical, regulatory, and contractual constraints.  The 
underlying assumption is that this base case represents the “No-Action Alternative.”  A full 
description of the base case setting will be prepared and distributed as part of the final report.  
YCWA intends that all subsequent model runs be compared to the base case run. 
 
5.3.6 Step 6 - Prepare Model and Model Development and Validation Report 
 
In the last step, YCWA will finalize the model, and the Model Development and Validation 
reports, including a report describing development and rationale for the base case, and provide 
these to Relicensing Participants along with the model (on CD) configured to the base case. 
 
Making runs of the model once the model has been fully calibrated and validated is not part of 
this study. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
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 YCWA will work with Relicensing Participants during the following stages of model 
development: 1) model selection criteria definition; 2) potential model platform list; 3) 
potential model scoring against criteria; and 4) ultimate model platform selection (Step 1.) 

 YCWA will meet with interested Relicensing Participants (a technical work team) to review 
calibration of the model moving into model reporting and validation. This will include a 
meeting to generally introduce the Relicensing Participants to the model and provide 
Relicensing Participants with the model on CD. YCWA will hold a series of workshops with 
interested Relicensing Participants to collaboratively review the model and make 
modifications, as appropriate. (Step 2) 

 YCWA will meet with interested Relicensing Participants to review the model results and 
discuss any suggested changes to the Model Development Report and the Model Validation 
Report.. (Step 4.) 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 

 
Select Model Platform (Step 1) ....................................................... October 2011 - December 2011 
Calibrate Model (Step 2) ................................................................... December 2011 - March 2012 
Develop Input Data Set (Step 3) ....................................................... December 2011 - March 2012 
Validate Model (Step 4) ..................................................................................... March - April 2012 
Develop Base Case (Step 5) ....................................................................................May - June 2012 
Prepare Model and Reports (Step 6) ............................................................ July - September  2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The model platform used in support of the Project Relicensing will be selected from a list of 
model platforms used in other Relicensing processes.  Model development, including calibration, 
verification, and model application will be conducted in accordance with generally accepted 
scientific practices.   

 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $300,000 and 
$350,000. 
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Study 3.1 

AQUATIC MACROINVERTEBRATES 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
aquatic macroinvertebrates (BMI), which are considered a Forest Sensitive Species (FSS) by the 
United States Department of Agriculture Forest Service (Forest Service), upstream of the United 
States Army Corps of Engineer’s (USACE) Englebright Dam. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
Licensee believes that four agencies have jurisdiction over aquatic macroinvertebrates and the 
resources that could be potentially affected in the geographic area covered in this study proposal:  
1) the United States Department of Agriculture, Forest Service (Forest Service) on National 
Forest System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) California Department of Fish and Game (CDFG); and 4) State Water Resources 
Control Board Division of Water Rights (SWRCB).  Each of these agencies and their 
jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document (YCWA 2010).  The Forest 
Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Some sampling for BMI occurred in stream reaches potentially affected by the Project as 
recently as 2007.  The South Yuba River Citizens League (SYRCL) collected three samples in 
the Middle Yuba River upstream of the Oregon Creek confluence (2004-2006) using the 
California Stream Bioassessment Protocol.  They collected an average of 37 taxa with a 
tolerance value of 5.15 over this period (SYRCL 2007). 
 
Additional data is needed to address potential Project effects on BMI. 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to characterize BMI assemblages within Project-affected reaches 
upstream of Englebright Reservoir using the Surface Water Ambient Monitoring Program 
(SWAMP) protocol.  
 
The objective of the study is to collect aquatic macroinvertebrate and physical data to meet the 
study goals. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to 
Englebright Reservoir. 
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If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition.  Sampling below Englebright Reservoir is not 
part of this study plan.  
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 

                                                 
 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods consist of the following four steps: 1) select sampling sites; 2) collect 
SWAMP data; 3) analyze SWAMP data; 4) QA/QC SWAMP data; and 5) prepare report.  Each 
of these is discussed below 
 
YCWA will obtain all necessary permits prior to performing fieldwork.  
 
5.3.1 Step 1 – Select Sampling Sites 
 
YCWA will collect BMI data at seven sites and an eighth site, assuming a suitable site can be 
found and data can be collected safely at the eighth site.  The sites are generally located 
downstream of major Project facilities.  The general locations, from upstream to downstream on 
each reach, are: 
 
 Middle Yuba River 

 Within 0.5 mile downstream of Our House Diversion Dam 

 Immediately upstream of Oregon Creek 

 Immediately upstream of confluence with North Yuba River  

 Oregon Creek 

 Within 0.5 mile downstream of Log Cabin Diversion Dam 

 Immediately upstream of confluence with Middle Yuba River 

 North Yuba River 

 Within 0.5 mile downstream of New Bullards Bar Dam 

 Immediately upstream of confluence with North Yuba River 
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 Yuba River 

 Within 0.5 mile downstream of New Colgate Powerhouse (assuming a suitable site can 
be found and sampling can be performed safely) 

 
To the extent possible, the sites will be co-located with other relicensing study sites, such as for 
fish sampling upstream of the USACE’s Englebright Reservoir and, as a second priority, with 
locations where BMI samples have been historically collected. 
 
YCWA will select the sites, and then invite interested and available Relicensing Participants into 
the field to comment on selected sites. 
 
5.3.2 Step 2 – Collect SWAMP Data 
 
5.3.2.1 Data Collection 
 
Sampling methods will conform to the standard targeted riffle composite (TRC) methods for 
documenting and describing BMI assemblages and physical habitat described by the SWRCB’s 
SWAMP in February 2007.  Each study site will be wadeable and about 250 meters (m) in 
length.  Before sampling begins, the number of riffle habitat units contained in the site will be 
visually estimated.  A total of eight samples will be taken from a targeted riffle habitat within the 
site to form a single composite riffle sample.  More than one kick sample per riffle may be 
collected.  However, if there are fewer than eight distinct riffles in the site, sampling points will 
be spread throughout the site as much as possible.  If there are more than eight riffles in the site, 
one or more riffle units will be skipped at random.  When possible, each riffle will have a “core 
area” defined, avoiding edges along channel margins and the upstream or downstream edges of 
the riffle.  The core area of each riffle will be divided into nine equal quadrants in a three by 
three grid.  One quadrant will be randomly selected for a kick sample.  If more than one sample 
must be collected from a particular riffle, a second quadrant will be randomly chosen and 
sampled.  Samples will be taken moving upstream from the most downstream riffle unit to 
minimize instream disturbance. 
 
Samples will be collected by rubbing cobble and boulder substrates and disturbing finer substrate 
upstream of a D-frame kicknet fitted with a 0.02-inch (in.) diameter mesh net.  Each of the eight 
subsamples collected to form the composite riffle sample will cover one square foot of the 
stream bottom.  A one square foot grid will be used when taking samples to ensure consistency 
of sample area.  The subsamples will be combined in a jar, preserved with 95 percent ethanol, 
and labeled to form a single composite sample for that study site. 
 
Physical habitat and water quality will be characterized at each site.  The habitat scoring criteria 
outlined by the SWAMP provides an effective measure of the physical integrity of a stream.  
Prior to implementation, field crews will calibrate their visual measurements on a test stream.  
The following list of quantitative measures of chemical and physical/habitat characteristics will 
be collected at each site: 
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 Reach-wide Parameters 

 GPS coordinates 

 Water temperature, specific conductance, pH, and dissolved oxygen using approved 
standardized procedures and instruments 

 Total length and gradient (percent slope) and average width and depth 

 Transect-specific Parameters 

 The wetted width of each riffle will be taken at a minimum of three cross-sectional 
transects and averaged. 

 Water velocity (using a topset rod and flowmeter) will be measured at each of the eight 
sample points. 

 Substrate composition will be visually estimated at each sample point (area disturbed in 
front of the net) using the following categories: fines (<0.25 cm), gravel (0.25 to 0.8 cm), 
cobble (0.8 to 25 cm), boulder (>25 cm), and bedrock. 

 A pebble count will also be conducted along a single transect established from each 
sample point.  This parameter will be measured by randomly choosing 10 points along 
the transect, reaching down to the point at the end of a wooden dowel or tip of the boot, 
and measuring the width of the particle along the intermediate axis.  “Pebble count” in 
this context is in reference to the sample approach first described by Wolman (1954) and 
adapted for use (including reduced sample size) in the SWAMP protocol.  It does not 
refer to a specific size class of sediment. 

 Substrate consolidation and percent embeddedness will also be characterized while 
conducting the pebble count.  Estimates will be obtained while collecting the BMI sample 
by noting whether the substrate is lightly, moderately, or heavily surrounded by fine 
sediment. 

 Average canopy cover will be estimated at each riffle sampled using a densiometer four 
times from the center of habitat unit. 

 If field or analytical methods deviate from SWAMP protocols, reasons for the deviation 
and alternate methods will be explained and documented. 

 
Each composite sample will be rinsed in a standard no. 35 sieve (0.5 mm) and transferred to a 
tray with twenty, 4 inch square grids for subsampling.  Subsampling will be performed using a 
stereomicroscope with magnifications of 10 to 20 times magnification. 
 
Subsamples will be transferred from randomly selected grids to Petri dishes where the aquatic 
macroinvertebrates will be removed indiscriminately with the aid of a stereomicroscope and 
placed in vials containing 70 percent ethanol and 2 percent glycerol.  In cases where aquatic 
macroinvertebrates abundance exceeds 100 organisms per grid, half grids will be delineated to 
assure that a minimum of three discreet areas within the tray of benthic material will be 
subsampled.  At least 500 aquatic macroinvertebrates will be subsampled from a minimum of 
five grids, or five half grids. 
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The debris from the processed grids will be placed in a remnant jar and preserved in 70 percent 
ethanol for later quality control testing.  Subsampled aquatic macroinvertebrates will be 
identified by a taxonomist approved by the California Department of fish and Game (CDFG) for 
U.S. Environmental Protection Agency (USEPA) evaluations using standard aquatic 
macroinvertebrate identification keys (e.g., Kathman and Brinkhurst 1998, Merritt and Cummins 
1996, Stewart and Stark 1993, Thorp and Covich 2001, Wiggins 1996) and other appropriate 
references.   
 
All organisms retained on a 0.5-mm screen will be removed from the subsample and a standard 
level one taxonomic effort will be used as specified in the Southwestern Association of 
Freshwater Invertebrate Taxonomists (SAFIT) in 2006.  Historical datasets that may have been 
identified using a different method, such as CAMLnet (CDFG 2003) or to a different taxonomic 
level will be standardized to the SAFIT level one before calculating metrics or running statistical 
analyses. 
 
Finally, the CDFG Aquatic Bioassessment Laboratory (ABL) will be contracted to perform an 
external QC review of the sample identification.  Fifteen to twenty percent of the samples 
collected will be randomly selected for QC by the taxonomist and sent to the CDFG ABL. 
 
5.3.3 Step 3 - Data Analysis 
 
Analytical methods will conform to the standard methods describing BMI assemblages and 
physical habitat outlined by SWAMP.  Standard biological metrics, plus additional relevant 
metrics, will be calculated for each site (Table 5.3.3-1) and presented in graphical or tabular 
form. 
 
Table 5.3.3-1.  Biological metrics calculated to assess BMI assemblages 

BMI Metrics Description 
Predicted Response 

to Impairment 
 RICHNESS MEASURES  

Taxonomic Richness Total number of individual taxa Decrease 

No. EPT Taxa 
Number of taxa in the insect orders Ephemeroptera, Plecoptera, and 
Trichoptera 

Decrease 

Ephemeroptera Taxa Number of mayfly taxa Decrease 

Plecoptera Taxa Number of stonefly taxa Decrease 

Trichoptera Taxa Number of caddisfly taxa Decrease 

Coleoptera Taxa Number of beetle taxa Decrease 

COMPOSITION MEASURES 

% EPT Percent of the composite of mayfly, stonefly, and caddisfly larvae Decrease 

% Ephemeroptera Percent of mayfly nymphs Decrease 

Shannon Diversity Index General measure of sample diversity that incorporates richness and evenness Decrease 
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Table 5.3.3-1.  (continued) 
BMI Metrics Description 

Predicted Response 
to Impairment 

TOLERANCE/INTOLERANCE MEASURES 

California Tolerance Value (CTV) 
CTVs between 0 and 10 weighed for abundance of individuals designated as 
pollution tolerant (higher values) and intolerant (lower values) 

Increase 

No. of Intolerant taxa Taxa richness of those organisms considered to be sensitive to perturbation Decrease 

% Tolerant Organisms 
Percent of macrobenthos considered to be tolerant of various types of 
perturbation 

Increase 

% Dominant Taxon 
Measures the dominance of the single most abundant taxon. Can be 
calculated as dominant 2, 3, 4, or 5 taxa 

Increase 

 FEEDING MEASURES  

% CF+CG Individuals 
Percentage of BMIs within the collector-filterer and collector gatherer 
functional feeding groups 

Increase 

% Scrapers Percent of macroinvertebrates that graze upon periphyton Variable 

% Non-gastropoda Scrapers  
Percentage of BMIs within the scraper functional feeding group excluding 
gastropod scrapers 

Decrease 

% Predators Percent of macroinvertebrates that prey on living organisms Decrease 

% Shredders Percent of macroinvertebrates that shred leaf litter Decrease 

 
 
5.3.4  Step 4 – Analyze SWAMP Data 
 
Aquatic macroinvertebrates will be identified to Southwest Association of Freshwater 
Invertebrate Taxonomists (SAFIT) level 2 (Richards and Rogers 2006), and metrics outlined in 
Rehn et al. (2007) will be calculated.  Metrics will be used to formulate the Hydropower IBI 
described by Rehn (2009). 
 
5.3.5 Step 5 – Prepare Format and Quality Assurance/Quality Control SWAMP 

Data 
 
Following data collection and identification of taxa, YCWA will subject all data to quality 
assurance/quality control (QA/QC) procedures including, but not limited to, spot-checks of data 
and review of electronic data for completeness.  If any datum seems inconsistent, YCWA will 
investigate the problem.  Data QA/QC will include the CDFG ABL review described above. 
 
5.3.6 Step 6 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Discussion; and 4) Description of Variances from the FERC-
approved study proposal, if any.  In addition, the report will compare the data collected with any 
historic data that are available. 
 

6.0 Study Proposal Consultation 
 
This study proposal includes one study-specific agency consultation: 
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 YCWA will select sampling sites, and then invite interested and available Relicensing 
Participants into the field to comment on selected sites (Step 1). 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select Sampling Sites (Step 1) .......................................................................................... May 2012 
Collect Data (Step 2) .......................................................................................................... July 2012 
Analyze Data (Step 3) ................................................................................................... August 2012 
QA/QC (Step 4) ............................................................................................................ August 2012 
Prepare Report (Step 5) ........................................................................................... September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the methods used in other FERC hydroelectric relicensing efforts in 
California where BMI are an issue. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $135,000 and 
$185,000. 
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Study 3.2 

AQUATIC MACROINVERTEBRATES DOWNSTREAM 
OF ENGELBRIGHT RESERVOIR 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
aquatic macroinvertebrates (BMI). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over aquatic macroinvertebrates and the 
resources that could be potentially affected in the geographic area included in this study 
proposal:  1) the United States Department of Interior, Fish and Wildlife Service (USFWS); 2) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
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operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Sampling for BMI occurred in stream reaches potentially affected by the Project as recently as 
2007.  The South Yuba River Citizens League (SYRCL) collected samples at Parks Bar on the 
lower Yuba River (2006-2007) using the California Stream Bioassessment Protocol.  Samples 
were always taken in September.  Low diversity was observed at Parks Bar, located below 
Englebright Dam.  Low diversity may have been the result of bias associated with using a 
protocol for wadeable streams in a large unwadeable river. 
 
Additional data is needed to address the identified issue. 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to characterize BMI assemblages within Project-affected reaches below 
Englebright Dam.  The objective of the study is to collect aquatic macroinvertebrate and physical 
data to meet the study goals. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
Sampling above Englebright Dam is addressed in a separate study plan, therefore the current 
plan only addresses habitat below the Dam to the confluence with the Feather River.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods consist of the following four steps: 1) select sampling sites; 2) collect 
macroinvertebrate and habitat data; 3) data analysis; 4) QA/QC data; and 5) prepare report.  Each 
of these is discussed below. 
YCWA will obtain all necessary permits prior to performing fieldwork. 
 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available. 
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5.3.1  Step 1 – Select Sampling Sites 
 
YCWA will collect BMI data at six sites, which are proportionally spaced between Englebright 
Dam and the Feather River.  The general locations, from upstream to downstream on each reach, 
are: 
 
 Downstream of Narrows 2 Powerhouse and above Deer Creek 

 Near UC Field Station (Timbuctoo Bend) 

 Parks Bar to Long Bar Area 

 Main channel at Hammon Bar (Upstream of USACE’s Daguerre Point Dam) 

 Downstream of USACE’s Daguerre Point Dam 

 Near Hallwood Boulevard 
 
YCWA will select the sites, and then invite interested and available Relicensing Participants into 
the field to comment on selected sites. 
 
5.3.2  Step 2 – Collect Data 
 
Generally, the Surface Water Ambient Monitoring Program (SWAMP) is used as the standard 
methodology for aquatic macroinvertebrate assessments in California.  However, this method is 
designed for wadeable streams and is not adapted for unwadeable riverine habitat being sampled 
in this effort.  The United States Environmental Projection Agency (USEPA) has developed a 
method to accommodate unwadeable habitat called the Environmental Monitoring and 
Assessment Program (EMAP) – Surface Waters (Lazorchak et al. 2000).  A hybrid to this 
method is the Large River Bioassessment Protocol (LR-BP).  Like the EMAP – Surface Waters, 
the LR-BP uses transect and main channel sampling and can be applied in a systematic, unbiased 
manner for bioassessment.  The LR-BP is a combination of semi-quantitative multi-habitat 
sampling methods applied in a systematic randomized fashion that has been studied for its 
performance characteristics and variability and was designed to be standardized, quantitative, 
and user friendly (Flotemersch et al. 2006).  It incorporates proportional multi-habitat sampling 
and, therefore, should accurately reflect site condition.  This method was shown to be responsive 
to a gradient of disturbance and can be used on a variety of large rivers (Flotemersch et al. 2006).  
Methods utilized in the collection of aquatic macroinvertebrates and sampling of habitat 
parameters in this study were derived from the two protocols.   
 
5.3.2.1  Reach Setup 
 
Reach length will be 500 meters (m) as used in the LR-BP.  This length has been shown to 
provide representative samples and is manageable for investigators due to the entire reach 
usually being observable from a single point (Flotemersch et al. 2006).  The beginning sample 
point will be located at the upstream end of the reach and will be randomly selected within a 
designated site and marked by GPS coordinates.  At each site, there will be a total of six 
transects.  Transect A will be located at the upstream end of the reach with the remaining five 
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transects (B – F) at 100 m, 200 m, 300 m, 400 m, and 500 m.  At each transect, a 20-m sample 
zone (i.e., 10 m on each side of transect) on the chosen bank defines where macroinvertebrates 
will be collected.  The bank to be sampled will be determined by coin toss at the start of the day 
and all remaining transects will be sampled from that bank unless safety concerns or physical 
attributes (i.e., steep cut-bank or obstructions) prohibit sampling.  In the instance that a 
designated bank cannot be sampled, the alternate bank will be sampled.  If a selected bank for a 
reach is deemed not to be representative of both banks (i.e., shallow, sunny, unchanging aspect) 
then sampling of left and right banks will be alternated between transects.  The zone to be 
sampled extends 10 m into the channel from the waters edge but will not exceed a depth of 1 m.   
 
5.3.2.2  Macroinvertebrate Collection 
 
Twelve sweeps, each 0.5 m in length, will be collected within the sample zone using a D-frame 
net (500-μm mesh).  Each sweep will cover 0.15 m2

 of substrate (i.e., net width of 0.3 m and a 
0.5 m length of pass); therefore, 12 sweeps will cover an area of 1.8 m2.  The 12 sweeps will be 
proportionately allocated based on available habitat within the 20 m sample zone (e.g., snags, 
macrophytes and cobble).  This method negates the need for separate collection nets in the field 
and helps standardize the area sampled.  If water at a site is more than 1 m deep at the water’s 
edge, the 12 sweeps will be collected from a boat, if possible.  Samples from each transect will 
be composited into a single sample for the entire reach.  Samples will be preserved with 95 
percent ethanol, and labeled to form a single composite sample for that study site.  This results in 
each sample containing debris and organisms from 6 separate zones (total of ~12 m2) that 
represent the 500-m reach. 
 
5.3.2.3  Physical Habitat Characterization and Water Quality 
 
On the day of sampling, water quality measurements will be collected once with a handheld 
water quality meter (i.e., Hydrolab or YSI) and will include temperature, conductivity, and 
dissolved oxygen. 
   
Physical habitat will be characterized over the length of the reach and at each transect.  Habitat 
parameters to be collected are outlined in the following list:  
 
 Reach-wide parameters to be collected every 10 m between transects following the thalweg 

of the stream: 

 Thalweg depth.  

 Classify habitat type (pool, glide, riffle, rapid, cascade, falls, or dry), record presence of 
backwater and off-channel habitats. 

 Determine dominant substrate visually or using a sounding rod. 
 

 Transect parameters collected at each of the six transects: 

 GPS coordinates of the transect. 

 Photos from each transect looking upstream and downstream 
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 Gradient (clinometer) from one transect to the next. 

 Bearing (compass) from one transect to the next. 

 Wetted width (laser range finder). 

 Mid channel bar width, if present.  

 Bankfull width and height (estimate). 

 Incision height (estimate). 

 Bank Angle (estimate). 

 Riparian canopy cover (densitometer) in four directions from the waters edge 1 ft above 
the water surface. 

 Shoreline substrate in the first 1 m above the waterline (estimate dominant and 
subdominant size class). 

 Estimate diameter, height, species, and distance from water’s edge of largest visible 
riparian tree. 

 
 Transect parameters to be collected within plot that extends 10 m streamward from the 

water’s edge and 10 m upstream and downstream of each transect: 

 At five systematically spaced locations within the plot measure depth and classify 
dominant and subdominant substrate size class.  

 Tally large woody material (LWM) in plot and in bankfull channel by size and length 
class. 

 Aerial cover class of fish concealment features, including: filamentous algae, aquatic 
macrophytes, LWD, overhanging vegetation, undercut banks, boulders, artificial 
structures. 

 
 Transect parameters to be collected within plot that extends 10 m landward from the bankfull 

margin and 10 m upstream and downstream of each transect: 

 Estimate aerial cover class and type of riparian vegetation in canopy, mid-layer, and 
ground cover. 

 Observe and record human activities and disturbances and their proximity to the channel. 
 
5.3.2.4  Macroinvertebrate Sorting 
 
Each composite sample will be rinsed in a standard no. 35 sieve (0.5 mm) and transferred to a 
tray with twenty, 4-inch-square grids for subsampling, which will be performed using a 
stereomicroscope with magnifications of 10 to 20 times magnification. 
 
Subsamples will be transferred from randomly selected grids to Petri dishes where the aquatic 
macroinvertebrates will be removed indiscriminately with the aid of a stereomicroscope and 
placed in vials containing 70 percent ethanol and 2 percent glycerol.  In cases where aquatic 
macroinvertebrates abundance exceeds 100 organisms per grid, half grids will be delineated to 
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assure that a minimum of three discreet areas within the tray of benthic material will be 
subsampled.  At least 500 aquatic macroinvertebrates will be subsampled from a minimum of 
five grids, or five half grids. 
 
The debris from the processed grids will be placed in a remnant jar and preserved in 70 percent 
ethanol for later quality control testing.  Subsampled aquatic macroinvertebrates will be 
identified by a taxonomist approved by the California Department of Fish and Game (CDFG) for 
USEPA evaluations using standard aquatic macroinvertebrate identification keys (e.g., Kathman 
and Brinkhurst 1998, Merritt and Cummins 1996, Stewart and Stark 1993, Thorp and Covich 
2001, Wiggins 1996) and other appropriate references.   
 
All organisms retained on a 0.5-mm screen will be removed from the subsample and a standard 
level one taxonomic effort will be used as specified in the Southwestern Association of 
Freshwater Invertebrate Taxonomists (SAFIT) (SAFIT 2006).  Historical datasets that may have 
been identified using a different method, such as CAMLnet (CDFG 2003) or to a different 
taxonomic level will be standardized to the SAFIT level 1 before calculating metrics or running 
statistical analyses. 
 
Finally, the CDFG Aquatic Bioassessment Laboratory (ABL) will be contracted to perform an 
external QC review of the sample identification.  Twenty percent of the samples collected will be 
randomly selected for QC by the taxonomist and sent to the CDFG ABL. 
 
5.3.3  Step 3 - Data Analysis 
 
Standard biological metrics, plus additional relevant metrics, will be calculated for each site 
(Table 5.3.3-1) and presented in graphical or tabular form. 
 
Table 5.3.3-1.  Biological metrics calculated to assess BMI assemblages 

BMI Metrics Description 
Predicted Response 

to Impairment 
RICHNESS MEASURES 

Taxonomic Richness Total number of individual taxa Decrease 

No. EPT Taxa 
Number of taxa in the insect orders Ephemeroptera, Plecoptera, and 
Trichoptera 

Decrease 

Ephemeroptera Taxa Number of mayfly taxa Decrease 

Plecoptera Taxa Number of stonefly taxa Decrease 

Trichoptera Taxa Number of caddisfly taxa Decrease 

Coleoptera Taxa Number of beetle taxa Decrease 

COMPOSITION MEASURES 

% EPT Percent of the composite of mayfly, stonefly, and caddisfly larvae Decrease 

% Ephemeroptera Percent of mayfly nymphs Decrease 

Shannon Diversity Index General measure of sample diversity that incorporates richness and evenness Decrease 

TOLERANCE/INTOLERANCE MEASURES 

California Tolerance Value (CTV) 
CTVs between 0 and 10 weighted for abundance of individuals designated 
as pollution tolerant (higher values) and intolerant (lower values) 

Increase 

No. of Intolerant taxa Taxa richness of those organisms considered to be sensitive to perturbation Decrease 

% Tolerant Organisms 
Percent of macrobenthos considered to be tolerant of various types of 
perturbation 

Increase 

% Dominant Taxon 
Measures the dominance of the single most abundant taxon. Can be 
calculated as dominant 2, 3, 4, or 5 taxa 

Increase 
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Table 5.3.3-1.  (continued) 
BMI Metrics Description 

Predicted Response 
to Impairment 

FEEDING MEASURES 

% CF+CG Individuals 
Percentage of BMIs within the collector-filterer and collector gatherer 
functional feeding groups 

Increase 

% Scrapers Percent of macroinvertebrates that graze upon periphyton Variable 

% Non-gastropoda Scrapers  
Percentage of BMIs within the scraper functional feeding group excluding 
gastropod scrapers 

Decrease 

% Predators Percent of macroinvertebrates that prey on living organisms Decrease 

% Shredders Percent of macroinvertebrates that shred leaf litter Decrease 

 
 
5.3.5 Step 4 – Prepare Format and Quality Assurance/Quality Control Data 
 
Following data collection and identification of taxa, YCWA will subject all data to quality 
assurance/quality control (QA/QC) procedures including, but not limited to, spot-checks of data 
and review of electronic data for completeness.  If any datum seems inconsistent, YCWA will 
investigate the problem.  Data QA/QC will include the CDFG ABL review described above. 
 
5.3.6  Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Discussion; and 4) Description of Variances from the FERC-
approved study proposal, if any.  In addition, the report will compare the data collected with any 
historic data that are available. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 YCWA will select sampling sites, and then invite interested and available Relicensing 

Participants into the field to comment on selected sites (Step 1). 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select Sampling Sites (Step 1) .......................................................................................... May 2012 
Collect Data (Step 2) ...................................................................................August-September 2012 
Analyze Data (Step 3) ................................................................................................... August 2012 
QA/QC (Step 4) ............................................................................................................ August 2012 
Prepare Report (Step 5) ........................................................................................... September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the methods used for the assessment of BMI in unwadeable riverine 
habitat being sampled in this effort.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $125,000 and 
$175,000.  
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Study 3.3 

SPECIAL-STATUS MOLLUSKS 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
special-status mollusks. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over special-status mollusks in the 
geographic area covered in this study proposal:  1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land; 2) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish 
and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Per-Application Document, or PAD.  The Forest 
Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
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consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWA reviewed CDFG’s list of State and Federally Listed Endangered and Threatened 
Animals of California (November 2007); CDFG’s list of Special Animals (October 2007); the 
Forests Service Pacific Southwest Region’s Sierra Nevada Forests Management Indicator 
Species Amendment, and in particular Table E-11; the United States Department of Interior, 
Bureau of Land Management’s (BLM) Animal Sensitive Species List (September 2006); and 
CDFG’s California Natural Diversity Data Base (CNDDB).   
 
Three mollusks are listed as either threatened or endangered (Trinity bristle snail, Modanenia 
setosa; Morro shoulderband snail, Helminthoglypta walkeriana; and white abalone, Haliotis 
soenseni) under the federal Endangered Species Act, and the Project's general vicinity is outside 
the range of these species. 
 
CDFG does not list any mollusks as California Species of Special Concern. 
 
The Forest Service lists seven mollusks as Forest Sensitive: California floater (Anodonta 
californiensis); Great Basin rams-horn (Hellisoma newberryi newberryi); topaz juga (Juga 
acutifilosa); scalloped juga (J. occata); montane peaclam (Pisidium ultramontanum); Owens 
Valley springsnail (Pyrgulopsis ownesensis); and Wong’s springsnail (P. wongi)).  None of these 
species are reported to occur in Plumas National Forest (PNF).  Only the California floater and 
Great Basin rams-horn are reported to occur in the Tahoe National Forest (TNF), but the Great 
Basin rams-horn is only found on the east side of the Sierras in the Truckee River basin.  None 
are reported as occurring in the PNF near the Project.  The Forest Service does not list any 
mollusks as Management Indicator Species. 
 
Table 3.0-1.  Target Forest Sensitive mollusk species. 

Common Name 
Scientific Name 

Habitat 
Requirements 

Current 
Distribution by State 

California floater 
Anodonta californiensis 

Shallow muddy or sandy habitats in large rivers, reservoirs, and lakes 
AZ, CA, ID, V, 

OR, UT, WA, WY 
Great Basin rams-horn 
Hellisoma newberryi 

Large lakes, slow rivers, and spring-fed creeks; burrows in soft mud CA, NV, OR, WY 

Topaz juga 
Juga acutifilosa 

Sand and gravel substrates in spring-influenced streams and lakes and 
occasionally in large spring pools 

CA, OR 

Scalloped juga 
J. occata 

Cold, moving waters of large rivers, often spring-influenced, with 
stable boulder and cobble substrates  

CA 

Montane peaclam 
Pisidium ultramontanum 

Sand and gravel substrates in spring-influenced streams and lakes and 
occasionally in large spring pools 

CA, OR 

Owen’s Valley springsnail 
Pyrgulopsis owensensis 

Small springs and spring runs, typically in watercress  CA, NV 

Wong’s springsnail 
P. wongi 

Perennial seeps and small- to moderate-sized springs and spring runs, 
only in flowing waters 

CA, NV 

Sources:  Duncan (2008), Frest and Johannes (1999), Furnish (2005). 
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In a letter dated May 26, 2011, the Forest Service identified that 10 additional species are 
proposed for Forest Sensitive status.  These species are highlighted in Table 3.0-2.  If one or 
more of the species is designated Forest Sensitive prior to initiation of fieldwork, the species will 
be targeted during YCWA’s fieldwork for this study.  Also, if one or more of the species is 
designated Forest Sensitive prior to preparation of the final report for this study, the report will 
note the change in status.  YCWA does not intend to reinitiate fieldwork for a species if its status 
changes after fieldwork has begun. 
 
Table 3.0-2.  Recently proposed Forest Sensitive species by the Forest Service. 

Common Name Scientific Name 
Canary duskysnail Colligyrus convexus 

Western ridgemussel Gonidea angulata 
Chace juga Juga chacei 
Black juga Juga nigrina 

Kneecap lanx Lanx patelloides 
Freshwater pearlshell Margaritifera falcata 
Pristine springsnail Pristinicola hemphilli 
Willow Creek pyrg Pyrgulopsis lasseni 

Warner Spring shoulderband snail Rothelix warnerfontis 
Artemesian rams-horn Vorticifex effuses 

 
 
CDFG’s CNDDB includes reports of two mollusks in the vicinity of the Project (tight coin, 
Ammonitella yatesii and Button's Sierra sideband, Monadenia mormonum buttoni), neither of 
which is special-status. 
 
Based on this existing information, the only special-status mollusks that have a remote potential 
to be affected by the Project are Forest Sensitive species, and these must occur on federal land 
managed by the Forest Service to be considered Sensitive.  Incidental observations during 
YCWA’s relicensing studies and low level mollusk surveys coordinated within portions of 
YCWA’s Stream Fish Populations Upstream of Englebright Reservoir Study (Study 3.8) on 
federal land managed by the Forest Service would provide site-specific data at a level of effort 
consistent with the low likelihood that special-status mollusks occur in the vicinity of the Project. 
 
CDFG advised YCWA that invasive mussels, such as zebra mussel (Dreissena polymorpha) and 
quagga mussel (Dreissena rostriformis bugensis) are not known to occur in the vicinity of the 
Project.  New Zealand mud snail (Potamopyrgus antipodarum) is a concern to CDFG (Per. 
Comm., Lisa Corvington, CDFG Invasive Species – Quagga and Zebra Mussel Program, May 
10, 2010.).  According to USGS website on May 12, 2010, which is updated daily 
(<http://nas.er.usgs.gov/taxgroup/mollusks/newzealandmudsnaildistribution.aspx>), the only 
known occurrence of New Zealand mud snail in the vicinity of the Project on May 12, 2010, was 
in the American River downstream of Lake Natoma. 
 

4.0 Study Goals and Objectives 
 
The goal of this Special-Status Mollusks Study is to provide information concerning Forest 
Sensitive mollusk species within reservoirs and stream reaches potentially affected by the 
Project. 
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The objective of the study is to document the presence/absence of Forest Sensitive mollusk 
species relative to Project features. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes National Forest Service (NFS) lands in: 1) 
the Middle Yuba River from and including Our House Diversion Dam Impoundment to the 
confluence with the North Yuba River, 2) Oregon Creek from and including the Log Cabin 
Diversion Dam Impoundment to the confluence with the Middle Yuba River, 3) surrounding 
New Bullards Bar Reservoir.  NFS land does not occur downstream of these areas. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts 
 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
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request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following four steps: 1) identify study sites; 2) conduct 
field surveys; 3) data quality assurance/quality control (QA/QC); and 4) report preparation. 
 
5.3.1 Step 1 – Identify Study Sites 
 
YCWA will select a single sampling location for Forest Sensitive mollusks on each river reach 
identified in the Stream Fish Populations Upstream of Englebright Dam Study (Study 3.8) on 
which NFS land occurs.  Special-status mollusk sampling sites will be co-located with Stream 
Fish Population Upstream of Englebright Dam Study sites, and if a reach includes more than one 
stream fish sampling site on NFS land, YCWA will randomly select one of the sites in the reach 
for special-status mollusk sampling.  In addition, YCWA will select three sites on NFS land for 
special-status mollusk sampling along the shoreline of New Bullards Bar Reservoir.  Each 
reservoir site will have reasonable boat or foot access.  YCWA will invite interested and 
available Relicensing Participants into the field to comment on the selected sites. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
YCWA will obtain all necessary permits prior to performing fieldwork. 
 
Surveys will follow established protocol methods for determination of presence or absence of 
mollusk species.  Stream sites will be surveyed by two-person teams, with one surveyor on either 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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side of the stream.  Surveys will be done in an upstream direction.  Surveyors will search the 
edges of the streams and all water to approximately 60 centimeters (cm) of depth.  All substrate, 
including gravel, cobble, boulders, woody debris, and aquatic and emergent vegetation will be 
searched.  Reservoir sites will be surveyed by two-person teams, with one surveyor searching the 
water along the shoreline and one searching in deeper water, up to 60 cm in depth. Both 
surveyors will complete a visual search of the land adjacent to the selected shoreline.  A glass-
bottom (i.e., unbreakable acrylic) observation bucket will be used to increase the amount of 
underwater substrate searched and to look for mollusks in deeper areas. 
 
If deeper habitat is found within a site or there is known potential special-status mollusk habitat 
near the site, such as a spring near the stream’s edge, snorkel/scuba gear may be used.  All 
substrate types, including silt/mud and coarser mineral substrate, woody debris, and aquatic 
vegetation, will be sampled or subsampled.  Areas of fine substrate will be subsampled by 
excavating to a depth of 5-10 cm. 
 
Each site length will be a minimum of 100 meters or searched for a minimum of 2 hours’ 
sampling effort, whichever is less.  Both length of unit and time of survey will be recorded.  
Each site will be surveyed by a two-person team; therefore, each site will have a minimum of a 
four person-hour search effort.  Although these methods yield qualitative results (i.e., 
presence/absence and relative abundance), such timed surveys have been found to be better at 
determining presence or absence of the greatest number of aquatic mollusk species within an 
area (Brim Box 2002). 
 
Aquatic gastropods (i.e., snails and limpets), when found, will be field identified to family, 
genus, or species (i.e., only to the extent necessary to rule out a special-status species).  Mussel 
shells, if present, will be collected as voucher specimens (due to their characteristic shells, it will 
not be necessary to collect live mussels).  Physical habitat characteristics will be recorded, 
including water temperature, substrate composition, estimated mean water velocity, estimated 
discharge, channel gradient, width, and mean depth.  The location at which the specimens are 
found will be noted using GPS coordinates. 
 
Species identifications and verification of field identifications for bivalves will be made using 
the keys in Burch (1975a, 1975b) and McMahon (1991) to the extent necessary to rule out a 
special-status species.  Identifications and verification of field identifications for gastropods will 
be made using the keys in Burch (1989), McMahon (1991), and Frest and Johannes (1999). 
 
5.3.3 Step 3 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting the location of surveys, 
special-status mollusk occurrences, project facilities and features, and other information 
collected during the study.  Field data will then be subject to quality assurance and quality 
control (QA/QC) procedures, including spot-checks of transcription and comparison of GIS 
maps with field notes on locations of any special-status mollusk occurrences.  
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5.3.4 Step 4 – Prepare Report  
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  YCWA plans to make the report available to 
Relicensing Participants when completed.  The report will be included in YCWA’s License 
Applications as appropriate. 
 

6.0 Study-Specific Consultation 
 
This study proposal includes the following study-specific consultation: 
 
 YCWA will invite interested and available Relicensing Participants into the field to comment 

on the selected Forest Sensitive mollusk sampling sites. 

 YCWA will consult with the Forest Service prior to initiating fieldwork and final report 
preparation to confirm the status of the 10 species listed in Table 3.0-2. 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select sample sites (Step 1) ............................................................................................... May 2012 
Conduct field surveys (Step 2) ................................................................................ June - July 2012 
Data QA/QC (Step 3) .................................................................................................... August 2012 
Prepare Report (Step 5) ..........................................................................................  September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methodologies described above for water temperature monitoring, reservoir profiling, and 
meteorological data collection are typical of recent relicensings in California.   
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $35,000 and 
$45,000. 
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Study 3.41 

SPECIAL-STATUS AMPHIBIANS –  
FOOTHILL YELLOW-LEGGED FROG 

SURVEYS 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status2 amphibian, foothill yellow-legged frog (FYLF) (Rana boylii), which is considered a State 
Species of Special Concern by the California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over special-status amphibians in the 
geographic area covered in this study proposal:  1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land; 2) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish 
and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
2  Special-status amphibians are considered those species: 1) formally listed by the United States Department of Agriculture 

Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the federal Endangered Species Act 
(ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for delisting; 3) listed under the 
California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or proposed for delisting; or 5) 
formally listed by California Department of Fish and Game as a Species of Concern. For the purpose of this study proposal, 
species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 

 
The goal of this study is to develop information concerning the special-status amphibians 
associated with Project-affected stream reaches, and related Project recreation features or 
activities. 
 
The specific objectives of this study are as follows: 
 
 Identify, compile, and map known occurrences of FYLF, including life history stage and 

associated habitat information as available.  At a minimum, produce a map of known 
occurrences with a supplemental table that includes information on the exact location, date 
found, how many individuals (if available), and the source of the sighting (museum database, 
agency record, etc.). 

 Identify habitats in the study area potentially suitable for FYLF, and evaluate the suitability 
of these habitats for the species. 

 Perform biological surveys in suitable habitats and determine approximate period in which 
breeding and rearing occurs if FYLF is found. Compile incidental observations from other 
aquatic studies documenting other native amphibians, and non-native aquatic species that 
may affect the distribution of FYLF. 

 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of 
special-status amphibians in the Project Vicinity3 are available from California Natural Diversity 
Database (CNDDB), museum records, and other sources.  FYLF is the only special-status 

                                                 
3  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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amphibian in the area.  Information and a life history description of FYLF, included in Section 
7.3 of YCWA’s Pre-Application Document (YCWA 2010), is useful in identifying preferred 
habitats and documenting where the species have been found to date.  Table 4.0-1 summarizes 
habitat requirements of FYLF by life stage.   
 
Table 4.0-1.  Foothill yellow-legged frog habitat requirements by life stage. 

Egg Masses1 Larvae1 Juveniles and Adults1 

Egg masses are deposited in low to 
moderate gradient streams, usually within 
shallow, edgewater areas of low velocity 
with cobble/boulder substrate in open, 
sunny areas with little riparian vegetation; 
often adjacent to low gradient 
cobble/boulder bars, tributary confluences, 
side and backwater pools, or pool tail-outs 
with coarse substrates. In small streams 
may occur in step pools and other 
microhabitats that meet basic conditions for 
substrate, water depth, and velocity. 

Generally in low velocity segments of 
streams, such as edgewater habitat 
adjacent to riffles or cascades, in main 
channel pools, and plunge-pools that 
provide escape cover (e.g., substrate 
interstices, vegetation, and detritus for 
cover). Larvae, at least in early stages, 
show affinity to oviposition sites, but may 
disperse to shallow, warm, low velocity 
near-shore habitats with smaller substrate 
(i.e., gravel/sand) as the season 
progresses.

Perennial streams and ephemeral creeks with 
pools. Prefer areas that provide exposed basking 
sites and cool shady areas adjacent to water’s 
edge. Shallow, flowing water, preferentially in 
small to moderate-sized streams with some 
cobble-sized substrate. 

1 Sources of information: Jennings and Hayes 1994, PG&E 2001, Lind 2005. 

 
 
FYLF is a stream-adapted species and is not associated with ponds, lakes, or other lentic habitats. 
Within large streams, FYLF often occurs near tributaries, which may provide important seasonal 
habitats (e.g., in winter and during the hottest part of the summer) (VanWagner 1996; Seltenrich 
and Pool 2001).  Breeding tends to occur in spring or early summer and eggs are laid in areas of 
shallow, slow moving, waters near the shore.  FYLF are infrequent in habitats where introduced 
fish and American bullfrog occur (Jennings et al. 1994). 
 
The CNDDB (CDFG 2003) reports 24 occurrences of FYLF in the Project Vicinity.  The records 
cited by Vindum and Koo (1999) for the drainages of the North, Middle, and South Yuba rivers 
occur above Project-affected reaches. California Academy of Sciences (2010) has 17 FYLF 
records from Sierra County, seven from Yuba County, and six from Nevada County. The 
Museum of Vertebrate Zoology has nine specimens from Yuba County.  Despite widespread 
documentation of FYLF in the region, few of these records are from the Project Area.4  In the 
vicinity of Log Cabin Diversion Dam on Oregon Creek, there are records for FYLF (adults and 
subadults); FYLF also have been documented upstream and downstream of Our House Diversion 
Dam on the Middle Yuba River.  Tahoe National Forest reports 150 occurrences of FYLF within 
10 miles of the Project Vicinity; at least 16 of which are located in the Project Area.  Most of the 
records are in the vicinity of Oregon Creek, North Yuba River, Kanaka Creek, Grizzly Creek, 
Woodruff Creek, Grizzly Gulch, and the Middle and South Yuba rivers.  Other areas with 
multiple TNF FYLF records include Blue Ravine, Deer Creek, Devils Canyon, Fiddle Creek, 
Hornswoggle Creek, Humbug Creek, Indian Creek, Moores Flat, Rapps Ravine, and Willow 
Creek.  During stream habitat mapping in 2009, YCWA observed FYLF in Oregon Creek and in 
Middle Yuba River downstream of Our House Diversion Dam.  
 

                                                 
4  For the purposes of this document, the Project Area is defined as the area within the existing Federal Energy Regulatory 

Commission (FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within 
about 0.25 mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the 
next major water controlling feature or structure. 
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In most cases, existing information is too general to meet the objectives of the study.  Additional 
information needed includes specific and current localities of FYLF and its habitat in relation to 
Project facilities; and sufficient information on normal Project O&M activities that might affect 
populations. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of stream reaches affected by the Project; it also includes tributaries 
unaffected by the Project up to 0.5 mile (mi) upstream from the normal high water line of 
Project-affected stream reaches, if suitable habitat for FYLF is accessible to the species from 
habitat in the mainstem of the river.  This includes: 1) the Middle Yuba River from and including 
Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 2) 
Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the confluence 
with the Middle Yuba River, 3) the North Yuba River from and including New Bullards Bar 
Dam Reservoir to the confluence with the Middle Yuba River, and 4) the portion of the Yuba 
River from the confluence of the North and Middle Yuba rivers to New Colgate Powerhouse.  
The Yuba River below New Colgate Powerhouse is below 600 feet (ft) in elevation and thus 
outside of the known or expected distribution of FYLF, which extends from about 600 ft to 5,000 
ft in elevation (Moyle 1973, Seltenrich and Pool 2002, ECORP Consulting, Inc. 2005).  
 
In addition, the study area includes tributaries up to 1.0 mile (mi) upstream of New Bullards Bar 
Reservoir, Our House Diversion Dam Impoundment and Log Cabin Diversion Dam 
Impoundment if suitable habitat is accessible to the species from habitat in the reservoirs and 
impoundments.  FYLF may make seasonal movements between tributaries and mainstem 
streams. 
 
The study area also includes one study site on each of two stream reaches unaffected by the 
Project: 1) Oregon Creek immediately upstream of the Log Cabin Diversion Dam Impoundment; 
and 2) a stream reach in the Yuba River watershed with comparable geomorphic attributes to at 
least some of the larger Project-affected stream reaches.  The locations of these two study sites 
will be determined as described in Section 5.3.2. 
  
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
 
 
                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study will be completed in five steps, each of which is described below. 
 
Prior to conducting field work, YCWA will obtain necessary CDFG scientific collection permits 
and will adhere to accepted decontamination guidelines to minimize the likelihood of 
transmitting diseases (USFWS 2005). 
 
5.3.1 Step 1 – Map Occurrences 
 
YCWA will map known occurrences of FYLF based on a query of the CNDDB, agency records, 
museum records, and consultation with regional experts.  The map will be supplemented with a 
table that includes information on the exact location, date found, how many individuals (if 
available), and the source of the sighting (museum database, agency record, etc.).  
 
5.3.2 Step 2 - Identify Potential Habitat and Select Survey Sites 
 
YCWA will review available data sources to identify areas of potentially suitable habitat for 
FYLF (emphasizing potential breeding habitat) based on the description of habitat elements 
presented in Table 4.0-1.  Data sources may include aerial photographs; the Project helicopter 
video, National Wetland Inventory (NWI) maps, United States Geological Survey (USGS) 
1:24,000 topographic quadrangle, hydrologic data, and other sources of information that would 
allow for assessment of habitat conditions within the study area.   
 
YCWA will conduct a field reconnaissance at specific locations to assess on-site habitat 
conditions if other data sources are not adequate to this purpose.  Sites will be logged by GPS 
position, photographs will be taken of each site from various angles, and a preliminary habitat 
assessment will be conducted.  Pertinent habitat characteristics to be recorded will include stream 
channel form and dimensions, gradient, substrate types, and vegetation types (e.g., aquatic, 
emergent, overhanging, and canopy). 
 
Following review of habitat data sources, a representative set of sites determined to be 
potentially suitable habitat or all sites, if few suitable sites are identified, will be selected for 
surveys. Although the number and locations of surveys sites cannot be determined in advance, it 
is anticipated that at least one site will be placed in each reach affected by the Project, with 
additional sites as needed to represent the range of conditions where FYLF may occur and 
potential types of Project effects in each reach; and a total of two sites will be placed in stream 
reaches unaffected by the Project.  One of these non-Project-affected sites will be located in 
Oregon Creek immediately upstream of the Log Cabin Diversion Dam Impoundment.  The other 
non-Project-affected site will be located in a stream reach in the Yuba River watershed with 
comparable geomorphic attributes to at least some of the larger Project-affected stream reaches. 
It is understood that the number of sites may be constrained by access limitations, such as occur 
in the North Yuba River from New Bullards Bar Dam to the Middle Yuba River, and in parts of 
the Yuba River.   
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YCWA provided a summary of the information described above to the Relicensing Participants.  
One week after providing the information to the Relicensing Participants, YCWA met with 
interested and available Relicensing Participants to collaborate regarding sampling locations.  
YCWA made a good faith effort to schedule the consultation on a day or days convenient to 
YCWA and interested Relicensing Participants, and provided an email notice at least 14 days in 
advance of the meeting or site visit.  If collaborative agreement is not reached, YCWA will note 
the disagreements in its final report, including why YCWA did not adopt the recommendation.  
Table 5.3-1 summarizes collaboratively agreed upon survey site locations in Project-affected 
sections of the Middle Yuba River, North Yuba River, Yuba River, and Oregon Creek.  It was 
also agreed that a non-Project-affected site will be located in the North Yuba River upstream of 
New Bullards Bar Reservoir.   
 
The selection of survey sites will take into account site-specific conditions, including safety, 
accessibility (i.e., road or trail access, topography), permission from landowners to survey on 
private lands, and potential impact from Project O&M.  Survey sites may be disproportionately 
located near (i.e., within 0.25 mi) of a confluence based on research that supports the importance 
of proximate tributaries as non-breeding habitat for FYLF associated with larger and/or higher 
elevation rivers (Kupferberg 1996, Van Wagner 1996, Marlow et al. 2007). Survey site length 
will range from 750 to 1,000 meters (2,461 to 3,281 ft) on the Project-affected reach, based on 
the extent of suitable habitat and access.  The same site dimensions will apply to the two non-
Project-affected sites.  To the extent reasonable, FYLF survey sites will be co-located with other 
relicensing study sites. 
 
Table 5.3-1. Proposed survey effort and locations of FYLF survey sites on Project-affected stream 
reaches. 

RM River/Location Description1

MIDDLE YUBA RIVER 
11.0 - 11.6 0.4 mi D/S of Our House Diversion Dam (Our House Diversion Dam Reach) 

4.3 - 5.1 
6.9 mi D/S of Our House Diversion Dam at Oregon Creek confluence (Our House Diversion Dam Reach and Oregon Creek 
Reach)2 

3.1 - 3.7 8.3 mi D/S of Our House Diversion Dam and 0.9 mi D/S of Oregon Creek confluence (Oregon Creek Reach) 

0.0 - 0.3 11.7 mi D/S of Our House Diversion Dam and 4.3 mi D/S of Oregon Creek confluence (Oregon Creek Reach)3 

NORTH YUBA RIVER 
0.0 - 0.5 1.8 mi D/S of New Bullards Bar Dam (New Bullards Bar Dam Reach) 

YUBA RIVER 
39.6 - 39.7 2.3 mi D/S of New Bullards Bar Dam at North Yuba confluence (Middle/North Yuba Reach)3

34.1 - 34.7 7.3 mi D/S of New Bullards Bar Dam, 0.2 mi U/S of New Colgate Powerhouse (Middle/North Yuba Reach) 
OREGON CREEK 

0.0 - 0.6 3.5 mi D/S of Log Cabin Diversion Dam (Log Cabin Diversion Dam Reach) 
2.0 - 2.6 1.5 mi D/S of Log Cabin Diversion Dam (Log Cabin Diversion Dam Reach) 

1 Location descriptions are based on the upstream extent of each proposed site. 
2 Site is comprised of contiguous sections of Our House Diversion Dam Reach and Oregon Creek Reach on either side of Oregon Creek 

confluence; data will be recorded separately from each reach section. 
3 Site length less than 750 meters because of impassable conditions 

 
 
YCWA will invite interested and available Relicensing Participants into the field to comment on 
the final selection of survey sites. 
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5.3.3 Step 3 – Conduct Surveys 
 
Surveys for FYLF will occur during the breeding season and will follow the VES standard 
protocols developed by Pacific Gas & Electric Company (PG&E) for hydroelectric project 
applications (PG&E and NID 2009), which are modified from Seltenrich and Pool (2002).  
Specifically, two surveyors working in tandem will search along both banks of streams, back 
channel areas, and potential instream habitats for FYLF walking slowly while one observer scans 
ahead.  Habitats along each bank will be searched.  To aid in the detection of eggs and larvae, 
surveyors will use a viewing box in shallow margin areas.  In water too deep to survey by 
wading, or where substrate configuration (e.g., large boulders) or other factors render the 
viewing box ineffective, snorkeling will be employed in appropriate habitats during searches 
where safely accessible.  Each FYLF detection will be recorded by life stage along with the 
associated habitat data based on procedures described in PG&E and NID (2009), including water 
temperature, depth, and substrate characteristics.  Detailed water velocity, depth, and substrate 
data (i.e., information pertinent to habitat suitability curve [HSC] development) will be collected 
for detections of tadpoles on Oregon Creek; at survey sites on the Middle Yuba, North Yuba, and 
Yuba River, these data will only be collected for a representative sub-set of tadpole detections.  
Egg mass locations will be recorded by GPS (ideally, Map Grade Trimble GPS) and flagged, 
photographed, and/or described sufficiently so that egg mass locations can be re-surveyed if the 
site is used for the performance of Study 3-4, Special-Status Amphibians – Foothill Yellow-
Legged Frog Habitat Modeling.  Tadpole locations will also be recorded by Map Grade Trimble 
GPS.   
 
Three FYLF VES visits will be conducted at all sites; two visits in the spring/early summer for 
the detection of egg masses, and one in the summer to detect tadpoles.  A fourth survey will be 
conducted at sites where egg masses and/or tadpoles were documented in any of the previous 
surveys; this fourth survey will be in late summer/early fall and intended to document late stage 
tadpoles and the post-metamorphic stage.  The first survey will occur when water temperature 
monitoring data being collected in the Water Temperature Monitoring Study indicate that 
temperatures have reached a daily average of 51.8-53.6ºF (11-12ºC) (although FYLF has been 
reported to sometimes breed at water temperatures as low as 50ºF (10ºC) [Amy Lind, personal 
communication], a survey-trigger temperature of 51.8ºF should ensure that surveys are not 
initiated prematurely).  Temperature data from the lowest elevation monitoring sites in reaches 
proposed for surveys will be used for this purpose. The onset of the breeding season may also be 
assessed by weekly observations at one or more "sentinel sites" in the Middle Yuba, North Yuba, 
and/or Oregon Creek (i.e., locations in or near the study area where FYLF breeding activity can 
be easily monitored), if there are locations in these streams where FYLF is known to breed. 
Sentinel site monitoring would begin in April, and observations of gravid female FYLF or egg 
masses at these sites may also provide a trigger to initiate the surveys in other locations.  As 
noted in Section 5.2 (General Concepts and Procedures), incidental observations of certain other 
species will be reported in the study report(s) appropriate to the species.  The standard protocols 
for FYLF VES require recording observations of all amphibians, reptiles, or turtles that are 
observed during the VES, including the approximate number and the life stage(s) present.  
Following the initial VES, surveyors will complete a habitat characterization of each study 
location, following standard operating procedures.   
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5.3.4 Step 4 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting special-status species 
occurrences, potential habitat, project facilities and features, and other information collected 
during the study.  Field data will then be subject to quality assurance and quality control 
(QA/QC) procedures, including spot-checks of transcription and comparison of GIS maps with 
field notes. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  At a minimum, the following summaries/data 
presentations will be provided, along with the supporting data (in Excel spreadsheet and GIS 
layers, as appropriate):   
 
 Presence/absence of FYLF by survey period (e.g., spring, summer), sample reach tributary, 

and river 

 Abundance of FYLF egg masses by survey period, sample reach tributary, and river 

 Abundance of FYLF tadpoles/tadpole groups by survey period, sample reach tributary, and 
river 

 Abundance of FYLF young of the year (metamorphs), subadults, and adults by survey period, 
sample reach tributary, and river  

 Descriptive summaries of FYLF egg mass and tadpole habitat characteristics (at least n, 
mean, minimum, maximum, and standard error values) overall and by river and/or tributary 

 Summary and maps of site habitat assessments 

 Maps depicting the number of FYLF observations by life stage at each survey site 

 The report will also include pertinent water temperature data, including margin temperatures 
collected during the Water Temperature Monitoring Study (Study 2.5).   

 
For all special-status species observations, YCWA will complete the appropriate CNDDB form 
and transmit the form to the CNDDB. 
 
5.3.6 Step 6 – Collaboration Regarding Need for and Scope of Focused Studies in 

Second Year 
 
YCWA will meet with interested and available Relicensing Participants no later 6 weeks prior to 
the date that YCWA’s Initial Study Report is scheduled to be filed with FERC to review data 
available from the study at that time and discuss the need for and scope of additional limited 
scope studies.  For example, if the study documents only post-metamorphic life stages of FYLF 
(adult, juvenile, or young-of-year) or if only late stage larvae are detected (i.e., the results do not 
indicate where FYLF breeding occurred), further focused survey for egg masses and/or early 
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tadpoles in the same stream may be appropriate.  In addition, if incidental observations of 
invasive bullfrogs (Lithobates [Rana] catesbeianus) and crayfish, known predators of FYLF, 
collected by YCWA during this study and other relicensing studies suggests that these species 
occur in numbers that could adversely affect FYLF and their occurrence is related to the Project, 
focused studies for these species may be needed.  These focused studies could determine their 
extent/distribution, relative abundance, and lifestage distribution within Project-affected reaches.  
VES methods for FYLF can be adapted for bullfrog surveys in lotic waters.  For crayfish, 
PG&E’s Pit 3,4,5 FYLF monitoring plan could provide examples of methods for counting.  
These are only examples, and other conditions or circumstances may indicate a need for other 
focused studies of a particular site.  If YCWA and Relicensing Participants collaboratively agree 
focused studies are needed in a second year, YCWA and Relicensing Participants will 
collaboratively develop a new study proposal and YCWA will file it with FERC prior to or at the 
same time YCWA files its Initial Study Report, and implement the study as directed by FERC. 
 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will collaborate with Relicensing Participants regarding study site locations and will 

invite interested and available Relicensing Participants into the field to comment on the final 
selection of study sites (Step 2). 

 
 YCWA will collaborate with Relicensing Participants regarding need for focused second 

year studies (Step 6). 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify Habitat and Select Survey Sites (Step 1) ................................ October 2011 – March 2012 
Conduct Surveys (Step 2) ............................................................................. March  – August 2012 
QA/QC (Step 3) ............................................................................................................ August 2012 
Report Preparation (Step 4)  ................................................................... August  - September 2012  
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from CDFG and 
other reputable sources for the analysis. 
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9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $155,000 and 
$215,000. 
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Study 3-5 

SPECIAL-STATUS AMPHIBIANS –  
FOOTHILL YELLOW-LEGGED FROG 

HABITAT MODELING 
August 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status1 amphibian, foothill yellow-legged frog (FYLF) (Rana boylii), which is considered a State 
Species of Special Concern by the California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
YCWA believes that four agencies have jurisdiction over special-status amphibians in the 
geographic area covered in this study proposal:  1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land; 2) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish 
and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals, and objectives are not repeated here.      
 

                                                 
1  Special-status amphibians are considered those species: 1) found on National Forest System land and formally listed by the 

United States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed 
under the federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or 
proposed for delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or 
threatened or proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. 
For the purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed 
separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives  
 
The goal of this study is to develop habitat-flow relationships for FYLF in stream reaches in 
which FYLF are known to breed and that are potentially affected by the Project. 
 
Study objectives include: 
 
 Develop a two-dimensional model for FYLF eggs and tadpoles in sections of Project-affected 

streams in which they occur. 

 Using the model 1) determine the range of flows that provide suitable FYLF breeding 
habitat; and 2) assess the potential effects of seasonal flow changes resulting from Project 
operations on habitat durability (i.e., persistence of suitable habitat at specific locations). 

 

4.0 Existing Information and Need for Additional 
Information 

 
FYLFs lay egg masses and tadpoles occur within a relatively narrow range of stream habitat 
conditions (i.e., meso- and microhabitat types, water velocities, depths, and substrates).  At the 
scale of a stream reach, egg laying usually occurs in the following areas: upstream/downstream 
end of lateral bar, side of lateral bar, pool tail-out, edge of run, edge of island or braided channel 
(Figure 4.0-1).  Within these breeding areas, egg masses tend to be deposited at depths greater 
than 4 centimeters (cm) and less than 40 cm (Kupferberg 1996, Lannoo 2005, Lind 2005, Lind et 
al. 2008, PG&E 2008); at velocities less than 13.5 centimeters per second (cm/s) (Kupferberg 
1996, Lind 2005, PG&E 2008); and on cobble, boulder, or less commonly, gravel substrates in 
edgewater habitats (Kupferberg 1996, Lind 2005, PG&E 2008).  Tadpoles generally use shallow 
edgewater areas with low water velocities and high amounts of epiphytic diatoms and detritus 
(Kupferberg et al. 2008, Lind et al. 2008, PG&E 2008).  FYLF post-metamorphic life stages are 
semi-aquatic and move more freely between habitats than aquatic life stages, but are likely 
influenced by the proximity of canopy cover to aquatic habitats (PG&E 2008).  Because FYLF 
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habitat availability and suitability are closely related to flow conditions, instream hydraulic 
habitat modeling has been advanced as a predictive tool to assess flow effects on this species. 
 

 
Figure 4.0-1. Diagrammatic representation of typical FYLF breeding areas in large creeks and 
rivers, based on research from North Coast and Sierra Nevada streams similar to those streams 
downstream of the Yuba River Development Project. 
 
 
A variety of instream habitat models have been developed to express the relationship between 
instream flows and habitat conditions for aquatic organisms, particularly fish, including both 
one-dimensional modeling (1-D) and two-dimensional modeling (2-D).  One-dimensional 
models using habitat suitability criteria to predict habitat availability under specified flows are 
widely employed and can be easily applied to long sections of rivers (Bovee 1982, Milhous et al. 
1989).  Beca (2008) suggests that 2-D models are better suited for areas of complex flow 
patterns, such as on channel bends or in braided channels, provided that topography is mapped at 
high precision; however, the results cannot be directly applied to a larger area than is modeled 
(Hydropower Reform Coalition 2005).  In a relatively uniform channel, 1-D models can predict 
whether FYLF egg masses would be stranded due to changes in flow; but in more complex 
streams, multiple, closely spaced transects might be required to predict longitudinal variation in 
water velocities, such as might be associated with a point bar (Osborne et al. 1988, Ghanem and 
Hicks 1992).  In contrast, 2-D models may more accurately predict flows at finer resolution 
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corresponding to smaller scale habitats (Ghanem et al. 1996, Crowder and Diplas 2000).  
Limitations of 2-D modeling include relatively high cost, site-specific results (i.e., limited 
representation of the stream beyond the specific location of the study site), and difficult 
calibration (Beca 2008). 
 
In general, the value of habitat models (such as 1-D or 2-D instream flow models) relative to 
empirically collected data, is that they allow for evaluation of a large number of stream flow 
levels once the basic field data have been collected.  Empirically collected data typically provide 
a snapshot of habitat conditions at a few flow levels and cannot be extrapolated to other flow 
levels.  However, data collected at single flows are complementary to modeled data and can be 
used to provide validation of the model outputs, if both methods are applied in the same reach. 
 
While some information regarding breeding of FYLF in Project-affected stream reaches is 
available, YCWA’s Special-status Amphibians – Foothill Yellow-Legged Frog Survey Study 
will identify breeding areas, which will be modeled using this study. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
FYLF aquatic habitat will be modeled using the 2-D method in Project-affected stream reaches 
where FYLF breeding is documented to occur by YCWA’s Special-Status Amphibians – Foothill 
Yellow-Legged Frog Surveys Study (Study 3.4), or is otherwise documented to occur. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
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Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study includes six steps: 1) select sites; 2) survey channel geometry and map substrate; 3) 
collect hydraulic measurements; 4) develop habitat suitability criteria; 5) habitat and hydraulic 
modeling; and 6) prepare report.  Each step is described below. 
 
YCWA will obtain all necessary permits prior to fieldwork.   
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 - Study Site Selection 
 
YCWA will locate and delineate 2-D study sites in the field during fall 2012.  YCWA, with at 
least 2 week advance notice, will invite interested Relicensing Participants into the field to 
comment on study sites.  One model will be developed in each of three river segments, assuming 
FYLF breeding is documented in each reach.  If breeding is not documented in a reach by 
YCWA’s Special-Status Amphibians – FYLF Surveys Study, modeling will not occur in that 
reach.  The three reaches in which modeling may occur include: 1) on the Middle Yuba River to 
the confluence of the North Yuba River, with the modeling site to be placed in Our House 
Diversion Dam Reach unless FYLF breeding is not documented in that reach; 2) on Oregon 
Creek from the Log Cabin Diversion Dam to the confluence with the Middle Yuba River; and 3) 
on the North Yuba River from New Bullards Bar Dam to the confluence with the Middle Yuba 
River or Yuba River to New Colgate Powerhouse..  The first and second of these reaches 
represent the primary stream reaches below the two Project facilities that may affect FYLF, Our 
House Diversion Dam and Log Cabin Diversion Dam, respectively.  The third reach is situated 
below New Bullards Bar Dam, but downstream of the confluence the reach is also affected by 
Our House Diversion Dam.  If Relicensing Participants collaboratively agree that a second site is 
needed to assess flow-habitat relationships in the third reach, YCWA will add this site at a 
collaboratively agreed-upon location. 
 
At least 2 weeks in advance of the field visit with interested Relicensing Participants, YCWA 
will identify preliminary 2-D sites and provide Relicensing Participants with written materials 
including maps and technical rational for the preliminary sitings.  YCWA will use the following 
guidelines in 2-D site selection: 
 
 Locating the Site 

 Choose a site in each reach in which 2-D modeling will occur: 

 that has the common dominant breeding habitat types for that reach and 
preferably includes a known FYLF breeding site  

 with the goal of including at least two mesohabitat units   

 from the potential set of study sites developed based on the above criteria, 
choose a site with the most potential project effects 

 Size of Modeled Area 

 Each modeled site will: 

 have an area that ranges from a minimum of approximately 250 m2 (i.e., small 
streams) to a maximum of approximately 5,000 m2 (i.e., larger rivers)  

 have a data point density appropriate for the hydraulic modeling requirements 
and calibration in FYLF breeding areas to meet standard acceptable 2-D 
modeling error 

 
To the extent reasonable, FYLF 2-D habitat modeling sites will be co-located with other 
relicensing study sites. 
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5.3.2 Step 2 – Survey Channel Geometry and Map Substrate 
 
Topographic and hydraulic data for each study site will be collected during summer and fall 
2012, as described below. 
 
5.3.2.1 Bed Topography 
 
Vertical and horizontal data will be collected by standard differential (X-Z) and coordinate plane 
(X-Y) survey techniques. A robotic total station and a manual total station survey instrument will 
be used with temporary vertical and horizontal benchmarks to measure channel topography and 
water surface elevations (WSE).  Streambed elevations will be measured well above the ordinary 
high water level at each 2-D site. 
 
Study site boundaries will be fixed and delineated with a cross-sectional transect and marked 
with a handheld Global Positioning System (GPS) instrument.  The downstream boundary of the 
2-D site will serve as the primary location to measure changes in river stage relative to stream 
discharge. 
Topographic data will be collected at a data point density appropriate for the hydraulic modeling 
requirements and calibration in FYLF breeding areas to meet standard acceptable 2-D modeling 
error.  Data point density will range from 0.5 meters (m) by 0.5 m in the near-shore areas where 
FYLF habitat is likely to occur, to point densities of approximately 2 m by 2 m in simple mid-
channel or floodplain areas.  In areas of low habitat quality, such as deep pools and in 
infrequently inundated and high-bank zones, topographic point densities may exceed 2 m by 2 m. 
 
Remote Sensing Methods 
 
The following description is only applicable in the event that remote sensing is the preferred 
method for topographic suvey for a particular site.  A decision on whether to use remote sensing 
will be made by YCWA once the 2-D FYLF study sites are identified.   For such a site, the River 
2-D model will be developed from a combination of aerial and ground surveys of the river 
valley.  The site will be flown to collect imagery used to produce a photogrammetric survey of 
the entire channel width extending upstream and downstream well beyond the delineated 
boundaries.  Portions of the channel that may be submerged or out of view due to vegetation 
coverage, shadow, or other reasons will be surveyed on the ground as described above.  
Supplemental ground suveys will also capture the top of bank, channel toe, and channel thalweg. 
 
The control for both the photogrammetry and the ground survey will be based on an appropriate 
numbr of geo-referenced benchmarks for the size and configuration of the site.  The horizontal 
datum for the control will be NAD 83 (ft) California State Plane 2 coordinates and the vertical 
datum will be NAVD 88 (ft). 
 
5.3.2.2 Substrate Mapping 
 
Substrate will be delineated based on the categories listed in Table 5.3.2-1, which correspond to 
substrate class codes standard to FYLF habitat use data collection (Seltenrich and Pool 2002).  
Using coordinate plane survey techniques (X-Y) and referencing the site’s horizontal benchmark 
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grid, field crews will collect substrate data as distinct polygons to cover the entire area of the 2D 
site.  Polygons will delineate areas primarily composed of a single, dominant (> 50%) substrate 
category.  Substrate data for each polygon will also include the percent coverage represented by 
the dominant substrate and the presence of a secondary (subdominant) substrate type.  These data 
will be recorded with an “a, b, c” coding system.  The “a” value will represent the code number 
for the dominant particle size and “b” will represent the subdominant particle size code.  The 
percent of polygon area covered by the most dominant substrate will be represented by “c”.  For 
example, the code “34.6” describes a substrate polygon composed of 60% gravel (code 3) with 
cobble (code 4) as the subdominant particle size.  The use of a Trimble S-6 robotic total station 
with a survey controller will allow field personnel to track polygon coverage and insure that each 
topographic data point has a corresponding dominant/subdominant substrate code value. 
 
Table 5.3.2-1.  FYLF 2D Model substrate size  

Code Category Particle Size (mm) Particle Size (in) 
1 Silt/Clay/Mud -- -- 
2 Sand < 2 < .08 
3 Gravel 2 – 64 0.08 - 2.5 
4 Cobble 64 – 256 2.51 - 10.07 
5 Boulder > 256 > 10.07 
6 Bedrock -- -- 
7 Other -- -- 

 
 
5.3.2.3 FYLF Occurrence Mapping 
 
The topographic survey of each 2D study site will include locations of FYLF egg masses or 
tadpoles (individuals or tadpole groups) that were documented during performance of Study 3-4 
(FYLF Surveys) as well as those found during 2D data collection.  As stated in Study 3-4, egg 
masses found during surveys will be recorded by GPS (ideally, Map Grade Trimble GPS) and 
flagged, photographed, and/or described sufficiently so that egg mass locations can be re-
surveyed if the site is used for the performance of Study 3-5, Special-Status Amphibians – 
Foothill Yellow-Legged Frog Habitat Modeling.  Tadpole locations will also be recorded by Map 
Grade Trimble GPS.   
 
5.3.3 Step 3 – Collect Hydraulic Measurements 
 
Water surface elevation (WSE), discharge, and spot validation depths and velocities will be 
collected at each FYLF 2-D model site at three calibration flows.  These hydraulic parameters 
will be measured using a combination of standard methods and techniques described below. 
 
Validation spot velocities and WSE measurements will span the entire longitudinal profile of the 
FYLF 2-D model site.  Discharges will be measured according to standard United States 
Geological Survey (USGS) methods with a minimum of 20 cells per cross section (Rantz 1982).  
Hydraulic data collection methods may vary somewhat between study reaches, depending on 
hydraulic and channel variations. 
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5.3.3.1 Target Calibration Flows 
 
The target calibration flow is the discharge released at the control point (i.e., Project dam or 
diversion), whereas the measured calibration flow represents the actual volume of water that 
reached the FYLF 2-D model site as measured with a calibrated flow meter.  The source of any 
differences between target and measured flows primarily depended on the accuracy of flow 
control at the upstream control point and intervening accretion between the control point and the 
FYLF 2-D model site. 
 
The target calibration flows selected for each 2-D stream reach will be the same as those selected 
for the one-dimensional (1-D) study at that stream reach (see YCWA’s Instream Flow Study 
Proposals). 
 
5.3.3.2 Discharge and Water Surface Elevation 
 
Stage/discharge measurements will be obtained at the three calibration flows to assess the 
relationship between stage and discharge at the bottom of the FYLF 2-D model site.  Discharge 
through the site will be measured using Swoffer brand calibrated manual velocity meters at an 
appropriate cross section near the upstream end of the 2-D site.  Swoffer meters are accurate at 
velocities ranging from 0.1 to 25.0 feet per second (fps). 
 
5.3.3.3 Validation Depths and Velocities 
 
At each calibration flow, depths and mean column velocities will be collected at spot locations 
throughout the wetted channel using a calibrated velocity meter mounted on a USGS top-set 
wading rod.  All spot depths and velocities will be spatially referenced to the site grid using a 
total station and covered the entire longitudinal profile of the site.  Starting at the downstream 
site boundary, crews will take approximately 4 to 8 depth and velocity measurements across the 
width of the wetted channel.  Field crews will progress upstream until they reach the inflow 
boundary of the 2-D site.  The longitudinal spacing between spot cross-section measurements 
will vary by site but will generally be 30 feet or less.  The goal will be to collect at least 100 
individual spot measurements per calibration flow. 
 
5.3.4 Step 4 – Develop Habitat Suitability Criteria 
 
Habitat Suitability Criteria (HSC), or indices, define the range of conditions that a particular 
species lifestage is known to inhabit.  Variables defined with FYLF HSC curves include depth, 
mean column velocity, and bottom substrate.  HSC values range from 0 to 1.0, indicating habitat 
conditions that are unsuitable to optimal, respectively, for a species/lifestage.  The HSC provide 
the biological criteria input into the hydraulic model that converts physical habitat simulation 
data into Weighted Usable Area (WUA) or a suitable habitat index for evaluation of various flow 
scenarios on the particular species and lifestage(s) of interest.  
 
YCWA will use the same FYLF HSC that are included in Nevada Irrigation District application 
filed with FERC for a New License for the Yuba-Bear Hydroelectric Project and by Pacific Gas 
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and Electric Company application filed with FERC for a New License for its Drum-Spaulding 
Project (PG&E 2011). 
 
HSC data collected for FYLF egg mass and tadpole observations in Oregon Creek will be 
reviewed to determine if unique HSC curves should be applied to FYLF populations in this 
smaller stream system.    
 
5.3.5 Step 5 – Hydraulic and Habitat Modeling 
 
Hydraulic modeling for all 2D reaches will be conducted using the River2D model (University of 
Alberta 2002).  The main input parameters for the River2D model are channel surface 
topography, bed roughness (in the form of an effective roughness height), upstream and 
downstream hydraulic boundary conditions (water levels or flow magnitude), eddy viscosity, and 
initial inflow water surface elevation.  The output from a simulation includes water depth, water 
surface elevation, stream velocity, shear velocity, and unit discharge at each mesh node.  
Velocity magnitude is found by dividing the unit discharge by depth.  All output data from 
River2D will be post-processed, analyzed, and presented in various graphical formats. 
 
A single River2D mesh at the middle calibration flow will be used to calibrate the model for the 
range of discharges.  Calibrating from the middle flow produced the least bias when modeling to 
the highest and lowest flow of interest.  Unless otherwise decided in consultation with 
Relicensing Participants, the YCWA will use the middle flow mesh for ease of comparison and 
habitat analysis.  
 
Two-dimensional hydraulic models will be calibrated in consultation with Relicensing 
Participants.  YCWA will use a stage-wise approach with target criteria for model performance.  
The five stages are as follows:  
 
5.3.5.1 Stage I:  Bed Roughness (Ks) Parameter Calibration Procedures 
 
Ks will initially be defined as about the D100 (in meters) of bed material observed in the channel 
and 1 to 2 times D100 in densely vegetated areas.  The term Ks is scientific notation for bed 
roughness factor and the term D100 refers to gradation of material in the river.  D100 represents 
the largest grain size found in the river (100 percent of the rocks in the river would be that size or 
smaller); in the study reach it represents a cobble of size 0.2 meters. 
 
Ks will be varied as necessary to match observed water surface elevations using the default 
transmissivity of TR=0.1. 
 
The sensitivity of the model to the Ks parameter may be limited by the mathematical description 
of bed roughness in the model (see page 23 of the River2D model documentation).  If this limit 
is surpassed during the calibration process, Ks will be defined as the lowest value tested before 
sensitivity is lost.  An optimal value of Ks will be chosen for the study reach based on the results 
from all three calibration flow scenarios. 
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5.3.5.2 Stage II:  Transmissivity (TR) Calibration Procedures 
 
If variation of the Ks parameter is not sufficient to match observed water surface elevations, the 
transmissivity will be adjusted in an attempt to improve the correlation with observed data. 
 
The optimal Ks parameter will be used during transmissivity calibration tests. 
 
A minimum value of TR=0.001 will be used in the calibration tests to maintain stability of the 
model. 
 
5.3.5.3 Stage III:  Model Performance Check 
 
Based on the model calibration procedures described above, differences (averaged across all 
nodes) between the modeled and observed data points will be calculated for water surface 
elevation, depth, and velocity.  These differences will be tabulated and evaluated for 
reasonableness.  In addition, observed and modeled water surface elevations, depths, and 
velocities for the low, medium, and high calibration flows will be plotted.  Modeled and 
observed water surface long profiles of the 2D site will also be plotted. 
 
5.3.5.4 Stage IV:  Identification of Data Outliers in Calibrated Model 
 
Data outliers in the model will generally defined as those sample points where the differences 
between observed and the modeled parameter (WSE, depth, or velocity) are greater than twice 
the average difference magnitude of all points measured for a particular flow scenario.  Nodes 
that meet these criteria for any parameter of WSE, depth, or velocity will be tabulated and 
graphed for evaluation.  The identification of outliers will be more for understanding the limits 
and peculiarities of the model results and whether outliers occurred in optimum habitat areas, 
rather than for direct model calibration. 
 
5.3.5.5 Stage V:  Selection of Model Simulation Flows  
 
Once hydraulic calibration is complete hydraulic models will be run initially at five flows; the 
low, middle, and high calibration flow, 40 percent of the low calibration flow, and 250 percent of 
the high calibration flow.  Flow versus habitat relationships will be generated at these flows to be 
used in collaboration with the Relicensing Participants to determine what range of additional 
flows will need to be modeled. 
 
5.3.6 Step 6 – Prepare Report 
 
YCWA will prepare a study report that includes both modeling procedures and habitat results.  
Habitat model outputs and analyses will include tabular summaries of WUA, effective WUA in 
tabular and graphical formats, and graphics of changes to suitable depth and velocity nodes 
under various flow conditions. In addition, planform maps displaying areas of suitable habitat 
will also be provided.  
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YCWA’s study report will include the following sections: 1) Study Goals and Objectives; 2) 
Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  YCWA plans to make the report available to 
Relicensing Participants when completed.  The report will be included in the License Application 
as appropriate. 
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the YCWA will consult with the Relicensing 
Participants: 
 
● YCWA, with at least 2 week advance notice, will invite interested Relicensing Participants 

into the field to comment on study sites.  This will include placement of a model site on the 
North Yuba River from New Bullards Bar Dam to the confluence with the Middle Yuba 
River or Yuba River to New Colgate Powerhouse.  If Relicensing Participants collaboratively 
agree that a second site is needed to assess flow-habitat relationships downstream of New 
Bullards Bar Dam, YCWA will add this site at a collaboratively agreed-upon location.  At 
least 2 weeks in advance of the field visit with interested Relicensing Participants, YCWA 
will identify preliminary 2-D sites and provide Relicensing Participants with written 
materials including maps and technical rationale for the preliminary sites.  It is anticipated 
the site visit will occur in fall 2012. 

● YCWA will consult with the Relicensing Participants during hydraulic and habitat modeling.  
Relicensing participants will be consulted in each of the 4 stages described in Section 5.3.5 
above.  

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency.  Note that this study must follow the Special-Status Amphibians – Foothill 
Yellow-Legged Frog Surveys Study (Study 3.4), because that study will identify where FYLF 
breeding occurs, from which model sites will be selected: 
 
Study Site Selection (Step 1)3 ................................................................. September – October 2012 
Field Work (Steps 2 & 3) .................................................................... November 2011 – June 2013 
Data Entry, QA/QC, & Analysis (Step 4) .......................................................... May – August 2013 
Report Preparation (Step 5) .................................................................................... September 2013 
 

                                                 
3  Site selection for Oregon Creek would occur September-October 2011 if FYLF surveys detect evidence of breeding in the 

reach. 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $340,000 and 
$460,000. 
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Study 3.6 

SPECIAL-STATUS TURTLES –  
WESTERN POND TURTLE 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status1 turtle (Class Chelonia), western pond turtle (WPT) (Actinemys [formerly Emys or 
Clemmys] marmorata), which is considered a Forest Sensitive Species by the United States 
Department of Agriculture Forest Service (Forest Service), and a Species of Concern by the 
California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over special-status turtles in the geographic 
area covered in this study proposal:  1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction, as understood by YCWA at this time, is discussed 
below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
 
 

                                                 
1  Special-status reptiles are considered those species: 1) found on National Forest System land and formally listed by the United 

States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the 
federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for 
delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or 
proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. For the 
purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 

 
The goal of this study is to provide information to the Relicensing Participants concerning the 
special-status turtle, WPT, associated with the Project reservoir, Project-affected stream reaches, 
and related Project recreation features or activities. 
 
The specific objectives of this study are to collect information to meet the goal including: 
 
 Identify, compile, and map known occurrences of WPT, including life history stage and 

associated habitat information as available.  At a minimum, produce a map of known 
occurrences with a supplemental table that includes information on the exact location, date 
found, how many individuals (if available), and the source of the sighting (museum database, 
agency record, etc.). 

 Identify habitats in the study area potentially suitable for WPT, including potential nesting 
habitat, and evaluate the suitability of these habitats for the species. 

 Perform biological surveys in suitable habitats where there is a project nexus.  

 Compile incidental observations of WPT and other aquatic special-status species and non-
native amphibians, turtles, and crayfish from other aquatic studies. 

 Provide information that can be used to develop PM&E measures. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of WPT 
in the Project Vicinity2 is available from California Natural Diversity Database (CNDDB), 

                                                 
2  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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museum records, and other sources.  WPT is the only special-status turtle in the area (there are 
no special-status reptiles, i.e., Class Reptilia, snakes and lizards, in the area).  This information 
and a life history description of WPT included in Section 7.3 of YCWA’s Pre-Application 
Document (YCWA 2010) are useful in identifying preferred habitats and documenting where 
WPT has been found to date.  Table 4.0-1 summarizes habitat requirements of WPT by life 
stage. 
 
Table 4.0-1.  Western pond turtle habitat requirements by life stage. 

Eggs1 Hatchling Turtles1 Adults1 
Upland, low gradient slopes (less than 15 
degrees) with high clay or silt content in 
the vicinity of aquatic habitats.  Eggs are 
deposited in a shallow excavation (“nest”) 
in a dry location in summer.  Nests are 
typically located on an unshaded slope 
that may be partly south-facing. 

Hatchlings emerge from nests in spring. 
Require shallow water with dense 
submergent vegetation or short emergent 
vegetation. 

Permanent ponds, lakes, reservoirs, low-flow 
regions of rivers, river side channels, and 
backwater areas. Isolated occurrences in lakes and 
reservoirs sometimes represent deliberate releases 
of pets. May also use seasonal streams or ponds 
when these are available. The presence of basking 
sites is important and these may be provided by 
emergent large woody debris, overhanging 
vegetation, rock outcrops, and mats of 
submergent vegetation. Deep pools and undercut 
banks may represent overwintering refugia.  
Often aestivate or overwinter in terrestrial 
habitats, including forests and riparian thickets, 
where they burrow in leaf litter. 

1 Sources of information: Holland 1991, Rathbun et al. 1992, Jennings and Hayes 1994, Ashton et al. 1997, Buskirk 2002. 

 
 
WPT is a habitat generalist occurring in a wide variety of aquatic habitats with still- or slow-
moving water up to about 6,000 feet (ft) elevation; the species is uncommon in high-gradient 
streams (Jennings and Hayes 1994).  Adult WPT have been documented traveling long distances 
from perennial watercourses for both aestivation and nesting, with long range movements to 
aestivation sites averaging about 820 ft and nesting movements averaging about 295 ft (Rathbun 
et al. 2002).  Reese and Welsh (1997) documented WPT away from aquatic habitats for as much 
as 7 months per year and suggested that terrestrial habitat use was at least in part a response to 
seasonal high flows.  Reese (1996) observed that juvenile WPT basked at stream sites with lower 
flows than adults, and occurred disproportionately at ponds. 
 
WPT breeding activity may occur year-round in California, but egg-laying tends to peak in June 
and July in colder climates, when females begin to search for suitable nesting sites upslope from 
water.  During the terrestrial period, Reese and Welsh (1997) found that radio-tracked WPT were 
burrowed in leaf litter. 
 
Introduced species of turtles (e.g., red-eared sliders [Trachemys scripta]) may out-compete WPT 
for basking sites and the American bullfrog (Lithobates catesbeianus) [formerly Rana 
catesbeiana] is known to consume hatchling WPT.  WPT has been adversely affected by habitat 
alteration throughout the species’ range, including the widespread loss of lowland wetlands to 
agricultural and urban development (Bury and Germano 2008).   
 
There are numerous reports of WPT in the Project Vicinity including records at New Bullards 
Bar Reservoir, several locations near tributaries of Grizzly Gulch, a tributary of Oregon Creek, 
two locations about 2 mi SE of New Bullards Bar Dam near Little Willow Creek (tributary of 
Middle Yuba), and from north of Jones Bar.  Most of the locations are evidently ponds.  Lind 
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(personal communications) has observed WPT in Oregon Creek above the Log Cabin Diversion 
Dam impoundment and Teater (personal communication) has observed WPT at the 
impoundment.  A juvenile WPT was also found in a puddle near the impoundment during field 
reconnaissance for YCWA’s Study 3.4.  There were no detections of WPT during basking site 
surveys at Our House Diversion Dam Impoundment in 2010, but one adult WPT was observed at 
a survey site 3.5 miles upstream of the impoundment (PG&E and NID 2010).  YCWA reviewed 
occurrences from CDFG’s CNDDB (CDFG 2003), the Tahoe National Forest (TNF) (GIS data 
and Access database), on-line museum record data (CAS 2010, MVZ 2010), and Vindum and 
Koo (1998). 
 
In most cases, existing information is too general to meet the objectives of the study.  Additional 
information needed includes specific and current localities of each of the species and their 
habitats in relation to Project facilities; and sufficient information on normal Project O&M 
activities that might affect populations. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area for mapping (Section 5.3.2) consists of aquatic habitats within the existing FERC 
Project Boundary and stream reaches affected by the Project up to 0.5 mile from the normal 
maximum water surface elevation of Project reservoirs and normal high water line of Project-
affected stream reaches.  Areas to be considered for WPT surveys (Section 5.3.3) will be 
confined to habitat inside the Project Boundary.  Stream reaches potentially affected by the 
Project include: 1) the Middle Yuba River from and including Our House Diversion Dam 
Impoundment to the confluence with the North Yuba River; 2) Oregon Creek from and including 
the Log Cabin Diversion Dam Impoundment to the confluence with the Middle Yuba River; 3) 
the North Yuba River from and including New Bullards Bar Dam Reservoir to the confluence 
with the Middle Yuba River; and 4) the Yuba River from the confluence of the North and Middle 
Yuba rivers to the United States Army Corps of Engineer’s (USACE) Dauguerre Point Dam.  
The mainstem of stream reaches are included in the study area. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study will be completed in seven steps, each of which is described below. 
 
Prior to conducting field work, YCWA will obtain necessary CDFG scientific collection permits. 
5.3.1 Step 1 – Map Occurrences 
 
YCWA will map known occurrences of WPT based on a query of the CNDDB, agency records, 
museum records, and consultation with regional experts.  The map will be supplemented with a 
table that includes information on the exact location, date found, how many individuals (if 
available), and the source of the sighting (e.g., museum database and agency records).  
 
5.3.2 Step 2 – Identify and Map Potential Habitat 
 
YCWA will review existing and readily available sources to identify areas of potentially suitable 
aquatic habitat and nesting habitat for WPT based on the description of habitat elements 
presented in Table 4.0-1.  Data sources may include aerial photographs, the Project helicopter 
video, National Wetland Inventory maps, United States Geological Survey (USGS) 1:24,000 
topographic quadrangle, hydrologic data, and other sources of information that would allow for 
assessment of habitat conditions within the study area.  Potential WPT nesting or oviposition 
habitat will be identified and mapped in GIS based on certain attributes associated with known 
WPT nest sites, including distance from aquatic habitats, percent slope, aspect, and soil type 
(Holland 1991, PG&E and NID 2008).  The mapping criteria are defined as follows: 
 
 Within 100 m of the project reservoir and other water bodies associated with the Project 

 Slope of 2 to 15 degrees 

 Southeast, south or southwest aspect  

 Canopy cover of less than 10 percent 

 Compacted soils of clay or loam (this criterion will be used if suitable soil maps exist) 
 
A field reconnaissance may be conducted at specific locations to assess onsite habitat conditions 
if other data sources are not adequate to this purpose.  Sites will be logged by GPS position, 
photographs will be taken of each site from various angles, and a preliminary habitat assessment 
will be conducted.  Pertinent habitat characteristics to be recorded will include habitat type, 
hydrologic regime, vegetation types (e.g., aquatic, emergent, overhanging, and canopy), gradient, 
aquatic substrate, and stream channel form. 
 
5.3.3 Step 3 – Select Survey Sites 
 
Based on the results of Step 2, a representative set of sites with potentially suitable aquatic 
habitat inside the Project Boundary will be selected for surveys.  Preliminary analysis of aerial 
photographs and discussion with Relicensing Participants indicates that habitats which merit 
surveys occur at Our House Diversion Dam and Log Cabin Diversion Dam impoundments, and a 
few locations at New Bullards Bar Reservoir.  The selection of survey sites will take into account 
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site-specific conditions, including safety, accessibility (i.e., road or trail access, topography), 
permission from landowners to survey on private lands, and potential impact from Project O&M.  
To the extent reasonable, WPT survey sites will be co-located with other relicensing study sites.  
YCWA will consult with interested and available Relicensing Participants regarding sampling 
locations.  YCWA will make a good faith effort to schedule the consultation on a day or days 
convenient to YCWA and interested Relicensing Participants, and will provide an email notice at 
least 14 days in advance of the meeting or site visit.  If collaborative agreement is not reached on 
sites, YCWA will note the disagreements in its final report, including why YCWA did not adopt 
the recommendation. 
 
5.3.4 Step 4 – Conduct Surveys and Compile Incidental Observations 
 
The distribution of WPT will be evaluated by two means: 1) visual surveys at selected, suitable 
sites within the Project Boundary, as described in Step 3; and 2) compilation of opportunistic 
observations incidental to the performance of other field studies for the relicensing (e.g., foothill 
yellow-legged frog surveys, California red-legged frog site assessments, fish surveys, botanical 
surveys, etc.).  Incidental observations of turtles will include identification (i.e., WPT, exotic 
species, such as red-eared slider, or “unknown species”), estimated size, turtle behavior (e.g., 
basking on log), location, time, and a brief description or photograph of the habitat. 
 
In general, incidental observations of WPT are most likely to occur during studies that involve 
quiet observation (e.g., scanning a site with binoculars), snorkeling, rafting or boat work 
associated with deep pools and backwaters.  Turtles may also be observed when a site is first 
approached (WPT typically dive from basking sites when approached even at a long distance, 
Holland 1991, Reese, undated) or on roads when turtles make overland movements.  Personnel 
across studies will be trained in how best to observe and capture WPT while pools are being 
snorkeled for fish.  Field crews will also be instructed to document skeletal remains and evidence 
of WPT nests, such as the scrapes produced by females when digging nest-holes, signs of nests 
opened by predators, and remnants of hatched eggshells. 
 
Visual surveys for WPT are adapted from USGS (2006) and will be supplemented by 
deployment of artificial basking platforms at survey sites where appropriate (Alvarez 2006).  The 
use of basking platforms is an efficient and effective technique that has been shown to 
substantially increase detection rates (Alvarez 2006).  Surveys will be conducted at a time of day 
and under weather conditions when turtles are likely to be basking (e.g., sunny mornings May-
July).  Sites will be initially searched by binoculars from a distance to identify potential basking 
locations, such as sunlit rocks, logs, exposed banks, and floating vegetation.  If turtles are 
observed, the species, number, and relative size of turtles will be recorded.  The observer will 
then slowly and quietly approach the site, assume a suitable viewing position, and continue to 
scan the site for at least two hours, focusing on basking sites and the surrounding water. If turtles 
of any species are detected at a survey site, the survey will be extended up to one additional hour 
to obtain behavioral data.  Splashes of water that may signify a turtle entering the water will be 
noted. The length of time devoted to scanning each site will be recorded; and the locations of 
turtle sightings and possible evidence of turtles, including splashes, and locations where 
photographs are taken will be marked on a sketch of the site.  Observers will also identify 
locations where the addition of artificial basking platforms may increase the likelihood of turtle 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246  
 

 
Special-Status Turtles - WPT Revised Study Plan August 2011 
Page 8 of 12 ©2011, Yuba County Water Agency 

detections.  Artificial basking platforms will be placed at survey sites in suitable open water 
areas where potential basking substrates are scarce or obscured by vegetation.  Each floating 
platform will consist of a rectangular wood board or cellular polystyrene (Styrofoam) panel 
covered with artificial grass (“astro-turf”); additional floatation at one end; and a tethered 
concrete anchor (Alvarez 2006).  Platforms will be left in place for 5-7 days to allow turtles to 
become acclimated and adopt platforms for basking.  Sites will then be surveyed again for 
basking turtles. 
 
Survey sites at the Our House Diversion Dam and Log Cabin Diversion Dam impoundments will 
each be surveyed on at least 3 occasions, with at least 2 of the survey visits occurring during the 
spring/early summer period when water is being diverted into the tunnels.  If WPT is detected 
during a survey at either impoundment, the observer will note the location of the WPT in relation 
to the diversion tunnel intakes.  Additionally, if WPT is found during the third survey at either 
impoundment (and WPT was not observed in prior surveys), a follow-up survey will be 
conducted at that location.   
 
Where WPT is found, the following data will be collected: presence and name of exotic plant 
species; presence of exotic turtles or bullfrogs; percent overhead canopy; percent submergent and 
emergent vegetation; type of upland and riparian vegetation community; presence and type of 
potential aquatic refugia (undercut banks, submerged tree roots, woody material, rock crevices, 
aquatic submerged vegetation, emergent vegetation, and floating material); and presence and 
type of any recent site disturbance.  At the beginning of each survey the following data will be 
recorded: date, observer, time, general weather description, ambient air temperature, average 
wind speed, water temperature, and estimated water velocity.  Changes in weather conditions 
during surveys that could affect turtle detection (e.g., increased cloud cover or wind) will be 
noted.  All survey sites will be photographed from multiple vantage points and the following 
information recorded: presence or absence of slow moving water and water depths ≥ 0.5 m; 
quantity (none, few, or many) and types of basking sites (sunny rocks, open banks, fallen logs, 
and other); aquatic and streamside refugia, and upland habitat. 
 
Survey sites for WPT will be assessed for the presence of American bullfrog by listening for 
calls, scanning suitable areas with binoculars or spotting scope for egg masses and basking frogs, 
and looking in shallow edges for larvae.  After a site has been surveyed for WPT from a 
stationary position, at least one observer will walk along the shoreline listening and scanning 
ahead for jumping frogs - juvenile American bullfrogs often vocalize as they jump in alarm.  If 
site conditions warrant, aquatic funnel traps (“minnow traps”) may also be deployed to verify the 
presence of American bullfrog larvae. 
 
This study is not designed to trap or capture WPT or other turtles observed at basking sites.  
However, active searches for juvenile WPT will be performed by hand or careful use of dipnets 
in suitable habitats (e.g., vegetated shallow edgewater) if such habitats occur at the Our House 
Diversion Dam and Log Cabin Diversion Dam impoundments.  In addition, capture of individual 
turtles may be attempted when a turtle is observed during this or other studies, if feasible and 
without injuring or unduly stressing the animal.  Opportunistic capture may occur during 
snorkeling work, when turtles are found in shallow water, or on land.  Turtles that are captured 
will be measured (amphibian and turtle study teams to use calipers; other study teams to use a 
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ruler and photographed next to a ruler.  Captured turtles will be categorized by sex (if 
determinable) and photographed in dorsal (carapace) and ventral (plastron) view alongside a 
ruler for later measurements and estimating age (counting scutal rings). 
 
5.3.5 Step 5 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting WPT occurrences, potential 
habitat, project facilities and features, and other information collected during the study.  Field 
data will then be subject to quality assurance and quality control (QA/QC) procedures, including 
spot-checks of transcription and comparison of GIS maps with field notes. 
 
5.3.6 Step 6 – Collaborate Regarding Need for, and Scope of if Needed, Focused 

Studies in Second Year 
 
YCWA will meet with interested and available Relicensing Participants no later than 6 weeks 
prior to the date that YCWA’s Initial Study Report is scheduled to be filed with FERC to review 
data available from the study at that time and discuss the need for and scope of additional limited 
scope WPT studies.  For example, if the study documents potential nesting habitat and/or 
suitable aquatic habitats but no WPT are found, additional surveys may be needed.  In addition, 
if available data suggest that WPT nesting sites might be affected by the Project or if WPT are 
found in close proximity to diversion tunnel intakes, radio-tagging WPT might be considered.  If 
YCWA and Relicensing Participants collaboratively agree focused studies are needed in the 
second year of studies, YCWA and Relicensing Participants will collaboratively develop a new 
study proposal and YCWA will file it with FERC prior to or at the time the Initial Study Report 
is filed, and implement the study as directed by FERC.  It is understood that the result of this 
collaboration could be an agreement to disagree, which would also complete this task. 
 
5.3.7 Step 7 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  At a minimum, the following summaries/data 
presentations will be provided in the report with the supporting data (in Excel spreadsheet and 
GIS layers, as appropriate):   
 
 Numbers of WPT detections by life stage (e.g., juvenile or adult) in the Project reservoir, 

Project-affected streams, or other study locations 

 Maps of and descriptive information on the occurrence of potential WPT nesting habitat 
within the study area 

 Maps of and descriptive information on the occurrence of potential WPT aquatic habitats 
within the study area 

 
For all special-status species observations, YCWA will complete the appropriate CNDDB form 
and transmit the form to the CNDDB. 
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6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will consult with interested and available Relicensing Participants regarding 

sampling locations.  YCWA will make a good faith effort to schedule the consultation on a 
day or days convenient to YCWA and interested Relicensing Participants, and will provide 
an email notice at least 14 days in advance of the meeting or site visit.  If collaborative 
agreement is not reached on sites, YCWA will note the disagreements in its final report, 
including why YCWA did not adopt the recommendation.  (Step 3.) 

 YCWA will meet with interested and available Relicensing Participants no later than 6 weeks 
prior to the date that YCWA’s Initial Study Report is scheduled to be filed with FERC to 
review data available from the study at that time and discuss the need for and scope of 
additional limited scope WPT studies.  If YCWA and Relicensing Participants 
collaboratively agree focused studies are needed in the second year of studies, YCWA and 
Relicensing Participants will collaboratively develop a new study proposal and YCWA will 
file it with FERC prior to or at the time the Initial Study Report is filed, and implement the 
study as directed by FERC.  It is understood that the result of this collaboration could be an 
agreement to disagree, which would also complete this task. (Step 5). 

 

7.0  Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency 
 
Identify and Map Habitat, and Select Survey Sites (Steps 1-3) ............. October 2011 – April 2012 
Conduct Surveys (Step 4) ............................................................................. May 2012 – July 2012 
QA/QC (Step 5) ............................................................................................................ August 2012 
Report Preparation (Step 6)  .................................................................... August – September 2012  

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
This study is generally consistent with the goals, objectives, and methods outlined for recent 
FERC hydroelectric relicensing efforts in California, and uses well established data from CDFG 
and other reputable sources for the analysis. 
 

9.0  Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $95,000 and 
$130,000. 
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Study 3.7 

RESERVOIR FISH POPULATIONS 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish 
populations in reservoirs.   
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over fish in the geographic area covered in 
this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 4) 
State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Reservoir Fish Populations Revised Study Plan August 2011 
Page 2 of 12 ©2011, Yuba County Water Agency 

consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWA found multiple sources of information regarding fisheries resources within New 
Bullard’s Bar Reservoir and United States Army Corps of Engineer’s (USACE) Englebright 
Reservoir during research conducted in support of the Pre-Applictaion Document.  California 
Department of Fish and Game (CDFG) stocking records, recreational fishing reports, and fish 
population surveys conducted in these reservoirs have identified numerous species that currently 
or historically existed in the reservoirs.  Based on review of this information none of the species 
that are known to currently occur in the reservoirs area are listed under the federal or State of 
California Endangered Species Acts.  Hardhead are the only special-status species (a California 
Species of Concern and Forest Service Sensitive Species) known to be present in Englebright 
Reservoir (J. Rowan, pers. comm., 2011).  
 
Recreational angling and CDFG records (stocking and fish population surveys) have provided 
some information on fish species in New Bullard’s Bar and USACE’s Englebright reservoirs; a 
list of known game species that occur within these reservoirs based on this information is 
presented in Table 3.0-1 below.  
 
Table 3.0-1.  Game fish species known to occur in New Bullard’s Bar Reservoir and USACE’s 
Englebright Reservoir based on recreational fishing reports.   

Family 
Common Name/  
Scientific Name 

New Bullard’s Bar Reservoir 
USACE’s Englebright 

Reservoir 

Salmonid 

Rainbow Trout/ 
Oncorhynchus mykiss 

X X 

Brown Trout/ 
Salmo trutta 

X X 

Kokanee/ 
Oncorhynchus nerka 

X X 

Sunfishes 

Largemouth Bass/ 
Micropterus salmoides 

X X 

Smallmouth Bass/ 
Micropterus dolomieu 

X X 

Spotted Bass/ 
Micropterus punctulatus 

X X 

Red Ear Sunfish/ 
Lepomis microlophus 

X X 

Crappie/ 
Pomoxis spp. 

X X 

Bluegill/ 
Lepomis macrochirus 

X X 

Catfishes 
Channel Catfish/ 

Ictalurus punctatus 
X X 

Source: Fishsniffer.com 2009; CDWR 2006 

 
 
CDFG has conducted surveys of fish in old and New Bullard’s Bar reservoirs since the 1950s.  A 
1959 survey of fish species in the old Bullard’s Bar Reservoir found 12 species of fish including 
bass, crappie, sunfish, bluegill, bullhead, shiners, Sacramento pikeminow (Ptychocheilus 
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grandis), sucker, and carp species.  A subsequent summary report for CDFG fish survey 
activities in the reservoirs from 1959 through 1974 identified 16 species of fish as relatively 
common in the reservoirs, including smallmouth and largemouth bass, black crappie (Pomoxis 
nigromaculatus) white crappie (Pomoxis annularis), warmouth (Lepomis gulosus), green sunfish 
(Lepomis cyanellus) red-ear sunfish, bluegill, brown bullhead (Ameiurus natalis), Sacramento 
pikeminow, Sacramento sucker (Catostomus occidentalis), common carp (Cyprinus carpio), 
rainbow trout, and Kokanee salmon (CDFG 1974).  Brown trout and white catfish (Ameiurus 
catus) are noted as rare occurrences.  Channel catfish, threadfin shad (Dorosoma petenense), and 
fathead minnow (Pimephales promelas) were reportedly planted by CDFG in the reservoir prior 
to 1960, but were not captured during any surveys.  Golden shiners (Notemigonus crysoleucas) 
were observed only in 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  The first 
documented CDFG capture of trout was reported in 1970 (CDFG 1963, 1970).  Kokanee were 
first documented during CDFG survey efforts in 1972 (CDFG 1963, 1970, 1972). 
 
Creel surveys conducted from July 2003 through May 2004 documented 12 sport fish species in 
USACE’s Englebright Reservoir, including spotted bass, smallmouth bass, largemouth bass, 
bluegill, brown trout, rainbow trout, carp, channel catfish, crappie, Kokanee, sucker, yellow 
perch (Perca flavescens), and Sacramento pikeminnow (CDWR 2006b). 
 
New Bullard’s Bar Reservoir has a long history of annual fish stocking activities by CDFG 
dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  Based on actual CDFG 
stocking records, between 1969 and 2007 over 4.9 million Kokanee salmon, nearly 1.6 million 
rainbow trout, over 310,000 Eagle Lake rainbow trout, 40,000 brook trout (Salvelinus fontinalis), 
200 eastern brook, 200 cutthroat (Oncorhynchus clarki), Kamloop rainbow trout (number not 
available), and 185 spotted bass were planted in New Bullard’s Bar Reservoir by CDFG (CDFG 
1989, 2007).   
 
Similar to New Bullard’s Bar Reservoir, CDFG stocking records indicate that fish plantings in 
USACE’s Englebright Reservoir have taken place from 1965 through 2007.  During this period, 
over 756,000 rainbow trout, 228,320 Kokanee salmon, 6,973 lake trout (Salvelinus namaycush), 
nearly 28,000 brown trout, 4,000 Eagle Lake rainbow trout, 2,640 brook trout, 45 white crappie, 
and 80 black crappie were planted (CDFG 2007).  Stocked species were primarily from the 
Shasta and San Joaquin CDFG fish hatcheries.   
 
In accordance with new fish planting regulations, stocking of kokanee and hatchery rainbow 
trout is scheduled to take place in New Bullard’s Bar Reservoir (CDFG 2008b).  Englebright 
Reservoir is not scheduled for stocking from 2008 to 2010 pending a pre-stocking 
evaluation(CDFG 2008a, b). 
 
The available information presented above comes from recreational sources and historical 
records, but little current empirical information is available regarding fish in Project reservoirs.  
There is a need to accurately characterize current fish communities in order to assess the 
potential effect of Project operations and maintenance on fish communities. 
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4.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning the distribution, occurrence, and 
condition of fishes in the Project reservoir. 
 
The objectives of the study are to: 1) characterize fish species composition, relative abundance 
(e.g., catch per unit effort [CPUE]), and size in Project reservoirs; 2) characterize management of 
reservoir water surface elevations and its relationship to availability of fish habitat under existing 
Project operations and potential Project operations; 3) characterize fish size and condition factor; 
and 4) assess tributary access for fish and composition of fish within accessible tributaries. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purposes of this study, the study area is the New Bullard’s Bar Reservoir and USACE’s 
Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
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GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
Sampling will occur using boat electrofishing, backpack electrofishing, and gill nets.  Prior to 
boat electrofish sampling, YCWA will follow the study methods outlined below.  However, the 
YCWA may adapt the existing methodologies to follow any additional criteria identified in the 
CDFG Scientific Collection Permit, as has been customary from many prior events utilizing boat 
electrofishing, backpack elecrofishign, and gillnet sampling during other California relicensings.  
Sampling efforts will be coordinated with reservoir operators to avoid periods of reservoir 
fluctuation that could affect safety and sampling efficiency.  Within New Bullard’s Bar 
Reservoir sampling will be scheduled over the hydrologic year to coincide with the low pool in 
fall and high pool in spring.  The determination of relative high and low water elevations will be 
made after consultation with the YCWA on historical water operations at New Bullard’s Bar 
Dam.  It is expected that sampling events will generally occur between January or February (low 
pool) and June or July (high pool) based on historic reservoir data.  These two sample periods 
will also increase the potential of catching a higher number of different species.  Within 
Englebright Reservoir, sampling will occur only once during the summer months as reservoir 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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levels fluctuate primarily from New Bullard’s Bar releases and are less influenced by seasonal 
variations. 
 
In addition to reservoir sampling, YCWA will conduct several additional assessments.  These 
supplemental investigations include an assessment of tributaries surrounding the two reservoirs,  
a review of past surveys, and a summary of historic stocking practices.  These additional efforts 
will supplement knowledge gained from the reservoir sampling assessment to allow for a better 
understand of the current health of reservoir fish populations in light of Project O&M.  
 
YCWA will obtain all necessary permits prior to performing fieldwork. 
 
The study methods will consist of four steps, each of which is described below. 
 
5.3.1 Step 1 – Field Reconnaissance 
 
A field survey will be conducted prior to sampling to view the existing lacustrine habitat and 
identify suitable areas for reservoir sampling.  Boat electrofishing and gillnet sampling require 
specific characteristics in order to accurately sample fishes.  Upon documenting habitat with 
photos and GPS, YCWA will collaborate regarding sampling location for Englebright Reservoir 
with CDFG and for New Bullards Bar Reservoir with the Forest Service and CDFG.  YCWA 
will accept comments from all Relicensing Participants regarding sampling locations for each 
methodology, nonetheless.  YCWA will make a good faith effort to schedule the consultation on 
a day or days convenient to YCWA and interested Relicensing Participants, and will provide an 
email notice at least 14 days in advance of the meeting or site visit.  If collaborative agreement is 
not reached, YCWA will note the disagreements in its final report, including why YCWA did not 
adopt the recommendation. 
 
Sampling units for electrofishing stations will be approximately 1,000  meters (m) in length and 
established around the Project reservoir to obtain representative samples among the diversity of 
identified near-shore habitats that are feasible to sample by boat electrofishing.  To address level 
of sampling effort, it is currently estimated that ten boat electrofishing sites will be conducted for 
New Bullard’s Bar Reservoir and five for USACE’s Englebright Reservoir; however, the exact 
number of sampling stations to be used will depend on the diversity of near-shore habitat 
conditions, including depth, cover, substrate, and proximity to sources of inflow assessed during 
field reconnaissance.  Sampling stations will be designated on orthophotographs of the Project 
reservoirs and documented using GPS. 
 
Similarly, gillnet sample locations will be established around Bullard’s Bar Reservoir and 
Englebright Reservoir to obtain representative samples among the diversity of identified pelagic 
habitats.  A total of eight sample stations will be attempted for gillnetting in New Bullard’s Bar 
Reservoir and four for USACE’s Englebright Reservoir. Boat electrofishing will be conducted 
prior to gillnetting efforts to alleviate issues that may arise from overlap of sampling areas.  It is 
expected that one sample location will be placed near the project intakes of both reservoirs to 
sample fish presence and inform the potential for interaction.  Sampling stations will be 
designated on orthophotographs of the reservoirs and documented using GPS. 
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5.3.2 Step 2a – Boat Electrofishing 
 
Boat electrofishing will be used to sample reservoir near-shore habitat at New Bullard’s Bar 
Reservoir and Englebright Reservoir.  Sampling will occur twice during the year, coinciding 
with high and low pool levels within New Bullard’s Bar Reservoir and once during the summer 
months in Englebright Reservoir.  Field activity will be conducted at night, beginning one hour 
after civil twilight.  Boat electrofishing will take place using standard methods (Reynolds 1996).  
One or two electrode booms will be employed, and the booms and boat will be outfitted with 
standard non-conductive material in appropriate places for safety.  Electrofisher “time on” will 
be recorded for each sampling site and a consistent effort and pace will be employed at all sites.  
Fish will be identified, where possible, as to origin; hatchery or wild stock (i.e., basic visual 
identification, such as a clipped adipose fin).  Data recorded for each fish will include species 
identification, length (total length of all fish species without forked caudle fins and fork length 
for all species with forked caudle fins), weight, and, if applicable, notes on general condition. 
 
General information recorded will include impoundment name, GPS sample site location, crew 
member names, weather conditions, air temperature, and water chemistry at approximate fish 
sampling location (i.e., water temperature, dissolved oxygen, and conductivity).  Minimum, 
maximum, and mean water depths will be recorded. 
 
5.3.3 Step 2b – Gillnetting 
 
Gill net sampling will occur twice during the year, coinciding with high and low pool levels 
within New Bullard’s Bar Reservoir and once during the summer months in Englebright 
Reservoir.  Samples will be taken using variable mesh gillnets (i.e., adult net:  1-in. to 3-in. 
mesh, and juvenile net: 0.5-in to 0.75-in. mesh).  If the reservoir is stratified, six gillnets will be 
deployed at each location: one adult and juvenile net in pelagic water near the surface; one adult 
and juvenile net in pelagic water in the metalimnion; and one adult and juvenile net in the 
hypolimnion.  If the reservoir is not stratified, than the nets will be placed at the surface, at 40 
percent of total depth, and 80 percent of total depth (not exceeding 100 feet of depth).  The times 
of deployment and locations of each gillnet set will be recorded, and photographs will be taken 
of each gillnet after deployment to document both location and placement relative to the 
shoreline.  The gillnets will be set for one day and night period (i.e., approximately 24 hours, 
dependant on CDFG approval) to facilitate good coverage and will be checked each morning and 
evening to separate the diel period. 
 
Fish will be identified, where possible, as to origin; hatchery or wild stock (i.e., basic visual 
identification, such as a clipped adipose fin).  After fish are captured, each fish will be processed, 
and information will be collected regarding species identification, length (total length of all fish 
species without forked caudle fins and fork length for all species with forked caudle fins), 
weight, and, if applicable, notes on general condition. 
 
General information recorded will include impoundment name, GPS sample site location, crew 
member names, weather conditions, air temperature, secchi depth and water chemistry (i.e., 
water temperature, and dissolved oxygen).  Minimum, maximum, and mean water depths will be 
recorded along with the depth placement of each gillnet.  Dissolved oxygen profiles will be 
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collected using a Hydrolab at 10 foot intervals at four (25% intervals of length along the thalweg 
of the reservoir) locations within the reservoir to determine the presence and potential location of 
the thermocline to determine mid-water net depth. 
 
5.3.4 Step 2c – New Bullards Bar Reservoir Tributary Assessment 
 
A reservoir tributary assessment will be conducted to assess accessible streams from New 
Bullard’s Bar Reservoir.2  The tributary assessment will be conducted in two parts: a passage 
assessment; and a species composition assessment.  The following streams will be considered for 
the assessment: 
 
 North Yuba (main stem) 
 Lost Creek 
 Mill Creek 
 Bridger Creek 
 Willow Creek 
 Cottage Creek 
 Burnt Bridge Creek 
 Little Oregon Creek 
 Indian Creek 
 Slapjack Creek 
 Empire Creek 
 Hampshire Creek 
 Slate Creek 
 Deadwood Creek 
 
All of the tributaries will be visited to assess if they are accessible to fish and have nominal flow.  
A determination of whether the tributary meets this criteria will be made at each stream with 
supporting notes and pictures.  Those tributaries that are found to be accessible and have nominal 
flow will be further surveyed with the two-part assessment described below. 
 
5.3.4.1 Fish Passage Assessment 
 
This assessment will focus on potential barriers to fish movement out of New Bullards Bar 
Reservoir when the reservoir is drawn down – that is, the assessment will identify barriers within 
the reservoir normal maximum water surface elevation.  The potential for fish passage will be 
identified by estimating the gradient of the tributary within the reservoir (from the confluence 
with the normal maximum water surface elevation to normal low pool in spring when some fish 
might move out of the reservoir for spawning) and available connective flow at this time of year.  
Accessible streams will be marked with GPS and potential shallow water or leaping barriers 
within the exposed reservoir mapped.  For the purposes of this study, a potential upstream fish 
barrier is a single vertical rise of 3 feet in height or greater, or a thalweg depth of less than 0.3 

                                                 
2  A tributary assessment will not be performed for USACE’s Englebright Reservoir since multiple parties affect reservoir 

elevations in that reservoir. 
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foot for an extended distance (i.e., sheet flow for about 3 feet).  Similar criteria have been used in 
other relicensing efforts.  Surveyors will move upstream from reservoir water surface at the time 
of the survey to the reservoir normal maximum water surface elevation.  At any identified 
potential barrier, a point identifier (ID) will be assigned and measurements of potential barrier 
attributes will be collected.  At  a potential shallow water barrier point ID, surveyors will collect 
a width, maximum depth, and depth range of the thalweg and a wetted width as well as the 
length of the shallow section.  A point ID identified at a potential leaping barrier will include 
length, width, height, and max depth of the jumping and landing pools at the barrier.  
Dominate/sub-dominate substrate of the tributary will be documented at all point ID locations.  
A brief description of barrier substrate or structural composition will be recorded.  Photos will 
also be taken to document the tributary visually at all point IDs.  Surveyors will continue from 
the mouth of the tributary to the reservoir normal maximum water surface elevation. 
 
5.3.4.2 Fish Species Composition Assessment 
 
A single qualitative backpack electrofishing assessment will be conducted.  Sampling will focus 
on habitat in the tributary from the reservoir water surface to the normal maximum water surface 
elevation. 
 
Backpack electrofishing will be performed and collected fish will be placed in buckets and 
processed.  During processing, fish information will be collected.  This information will include: 
species identification, weight, length (total length of all fish species without forked caudle fins 
and fork length for all species with forked caudle fins), and if applicable notes on fish condition 
or removed scales.  Species length and weight will be collected in order to develop a condition 
factor.  All fish will be returned to waters in the immediate vicinity where they were collected. 
 
Electrofishing effort will be measured as ‘time on’ to determine relative abundance reported as 
catch per unit effort (CPUE).  Sampling conditions within tributaries exceeding depths of 1.5 m 
will be considered unsafe for backpack electrofishing. 
 
Qualitative direct observation snorkeling will be conducted as an alternative if the tributary depth 
precludes electrofishing, which is not expected to occur.  If needed, snorkelers (i.e., number of 
snorkelers to be determined by stream width) will occupy lanes and move in tandem upstream.  
Observed individual fish will be identified to species and size will be estimated in two-inch 
intervals (0>2 in, 2>4in, etc.).  Surveys will be conducted during the day when sufficient light is 
present.  Catch will be reported as number per area sampled. This is not intended to be a 
statistically quantifiable estimate, but only to provide relative abundance.  General site 
information for all stream survey locations will include stream name, sampled stream length and 
mean width, crew members, time of day, environmental (weather) conditions, riparian/channel 
conditions (i.e., percent canopy, substrate, mean depth, and maximum depth), aquatic habitat 
condition (i.e., habitat type(s), and cover), air temperature, water chemistry (water temperature, 
dissolved oxygen, and conductivity), and GPS location.  Photographs will also document the 
specific location and conditions of the site.  Site information will be collected in similar fashion 
regardless of the use of backpack electrofishing or snorkeling. 
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5.3.5 Step 3 – Data Entry and Data Analysis 
 
Data will be entered into a database.  The database will be organized, compiled and subjected to 
QA/QC procedures.  Data will be analyzed graphically and summarize species composition, 
relative abundance, length frequency, and location. 
 
Gill net and boat electrofishing results will be reported both as total catch and in terms of CPUE.  
CPUE for fishes captured by boat electrofishing and gill net will be calculated by dividing 
number of fish of each species captured by the length of time fished (e.g., fish/hr).  CPUE for 
fishes captured by backpack electrofishing  will be calculated by dividing number of fish of each 
species by the length of time fished (e.g., fish/min).  CPUE will be summarized by reservoir or 
tributary and species. 
 
The relative abundance of fish at each site will be calculated to identify fish species composition 
and distribution patterns throughout the Project Area.3 
 
Fish size and weight will be summarized by fish species and site.  Length-weight regressions will 
be generated to calculate a relative condition factor (Kn) for fish species. 
 
5.3.6 Step 4 – Historic Sampling and Stocking Record Assessment 
 
Historical sampling efforts will be included in the discussion of the report including any new 
fisheries data provided by CDFG and other fisheries data available prior to report development.  
The current findings will be assessed based upon prior research to better understand how the 
current information compares to previous research. 
 
A review of available stocking records will also be conducted.  Expected products from the fish 
stocking review will include a detailed description of planting records.  Data will be tabulated to 
the extent possible and summarized by year.  These data will be addressed in light of the results 
of the reservoir sampling in order to better understand how the past activities are reflected in the 
current fish populations. 
 
5.3.7 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study, if any.  The report will also contain GIS maps of sampled areas and 
relevant summary tables and graphs.  Further, the report will describe daily water surface 
elevation patterns and approximate pool volumes.  The report will include a summary of water 
quality information with respect to thermocline location, epilimnion and hypolimnion water 
temperatures and dissolved oxygen concentrations. The report will also include: 
 

                                                 
3  For the purposes of the Relicensing, the Project Area is defined as the area within a border of about 0.5 mile surrounding the 

Federal Energy Regulatory Commission (FERC) Project Boundary. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Reservoir Fish Populations 
 ©2011, Yuba County Water Agency Page 11 of 12 

 Stocking assessment 

 Fish species composition, relative abundance (i.e., CPUE), location, and condition factor by 
species in the reservoir and surrounding tributaries 

 Water quality information with respect to thermocline location, epilimnion and hypolimnion 
water temperatures and dissolved oxygen concentrations will be summarized from the 
current study and the separate water quality study, as pertinent 

 Photo documentation of survey efforts and areas assessed or sampled 
 
If YCWA observes any special-status fish species, YCWA will complete the appropriate 
California Natural Diversity Database (CNDDB) form and transmit the form to the CNDDB.   
 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will collaborate regarding sampling location for Englebright Reservoir with CDFG 

and for New Bullards Bar Reservoir with the Forest Service and CDFG.  YCWA will accept 
comments from all Relicensing Participants regarding sampling locations for each 
methodology, nonetheless. (Step 1.)   

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
  
Planning (Step 1) ..................................................................................... October – November 2011 
Field Work (Step 2a through 2b; low pool event)  ................................. October – November 2011 
Field Work (Step 2a through 2c) ............................................................... March 2012 – June 2012 
Office Work (Step 3a, 3b, and 4) ....................................................................................... July 2012 
Report Preparation (Step 5) ..................................................................... August – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $290,000 and 
$395,000. 
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Study 3.8 

STREAM FISH POPULATIONS 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

August 2011 

 
1.0 Project Nexus and Issues 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish in 
streams upstream of the Englebright Dam.1 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
YCWA believes that four agencies have jurisdiction over fish in the geographic area covered in 
this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 4) 
State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 
 

                                                 
1  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Some information regarding the stream fish communities in the vicinity of Project facilities is 
available.  Based on a review of existing and available information, fish species listed as  
threatened or endangered under the federal Endangered Species Act (ESA) or California 
Endangered Species Act (CESA) do not occur in any Project-affected stream reaches upstream 
of Englebright Dam.  California Department of Fish and Game (CDFG) does not stock fish in 
any Project-affected stream reaches, however New Bullards Bar Reservoir and Englebright 
Reservoir have been planted with hatchery stock Kokanee, Eagle Lake trout, and rainbow trout.  
Most existing stream fish information is not current or quantitative. 
 
3.1 Middle Yuba River and Yuba River Upstream of Englebright 

Reservoir 
 
A transition fishery2 occurs in the vicinity Our House Diversion Dam.  As described in Section 
7.3.4.1 of the Pre-Application Document, 2004 snorkeling surveys in the Middle Yuba River 
about 0.5 mile upstream of Our House Diversion Dam found rainbow trout (Oncorhynchus 
mykiss) and Sacramento pikeminnow/hardhead (Ptychocheilus grandis/Mylopharodon 
conocephalus) (the snorkelers were unable to distinguish between the two species); while about 
0.5 mile downstream of the dam, the snorkelers found rainbow trout, Sacramento pikeminnow, 
hardhead, smallmouth bass (Micropterus dolomieui), and various sucker species (Family 
Catastomidae) (Gast et al. 2005).  The general species composition upstream of Our House 
Diversion Dam was confirmed by Nevada Irrigation District (NID) in 2008 and 2009 when its 
snorkeling surveys in the Middle Yuba River about 0.5 mile upstream of Our House Diversion 
Dam found Sacramento suckers, rainbow trout, and Sacramento pikeminnow (NID and PG&E 
2010).  Hardhead is a Forest Service sensitive species and is a Species of Concern for CDFG.   
 
Additional information regarding stream fish in the Yuba and Middle Yuba River between Our 
House Diversion Dam and Englebright Reservoir is available from Gast et al. (2005) and is 
summarized in Table 3.0-1.  
 

                                                 
2  A transition fishery is one that includes both coldwater and warmwater fishes and is typically found in the Sierra in lower 

elevations where the fish community transitions from a coldwater fishery dominated by trout in the higher elevations to a 
warm water fishery in the lower elevations. 
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Table 3.0-1.  Distribution of fish species relative to river mile and stream temperature observed 
during 2004 Middle Yuba River snorkel surveys downstream of Our House Diversion Dam.  Note 
that RM is 12.6 is about 0.5 mile upstream of Our House Diversion Dam. 
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1.8 
Yellowjacket 

Creek 
-- -- -- -- -- -- -- -- -- -- 

2.6 -- 20.4° ● -- -- ● -- ● ● -- -- 
4.8 Oregon Creek 21.4° -- -- -- -- -- -- ● -- -- 

Source: Gast et al. 2005 
1 Pikeminnow and hardhead less than 4” in length not discernible. 

 
 
According to Gast et al. (2005), tributaries to the mainstem, having cooler summertime water 
temperatures and likely provide refuge for salmonids from higher than optimum mainstem water 
temperatures.  Oregon Creek was cooler than the mainstem, appeared to provide good habitat, 
and was inhabited by rainbow trout.  The North Yuba River, at the confluence with the Middle 
Yuba River also provides ample cool-water trout habitat.  At the time of observation, water 
temperature in the North Yuba River at the confluence with the Middle Yuba River was 18.6°C, 
which was 4.5°C cooler than the Middle Yuba River water temperature at that time (23.1 °C). 
 
3.2 Oregon Creek 
 
YCWA was unable to find any existing information regarding the fish community in Oregon 
Creek near Log Cabin Diversion Dam, but the fish community is likely similar to that at Our 
House Diversion Dam.  Historic samples indicate that there was a hardhead fish population in the 
diversion pool as recent as 2001 (personal communication, Dan Teater, Forest Service). 
 
3.3 North Yuba River 
 
Recent fisheries information for the North Yuba River upstream of New Bullards Bar was 
collected in 2008 and 2009 for the Yuba-Bear Hydroelectric Project and Drum-Spaulding Project 
relicensings (NID and PG&E 2010).  Snorkeling surveys approximately 6.5 miles upstream of 
New Bullards Bar Reservoir found rainbow trout, brown trout (Salmo trutta), Sacramento sucker 
(Catostomus occidentalis), and Sacramento pikeminnow/hardhead (the snorkelers were unable to 
distinguish between the two species).  Snorkelers did not find any species listed as threatened or 
endangered under the federal Endangered Species Act or California Endangered Species Act.  In 
addition, hardhead could not be confirmed to be present or absent due to the snorkeling 
methodology.  Two additional sites further upstream were electrofished and resulted in the 
capture of only rainbow and brown trout. 
 
YCWA was unable to find any existing information regarding the fish community in the North 
Yuba River downstream of New Bullards Bar Dam, but the community is likely similar to that at 
Our House Diversion Dam. 
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4.0 Study Goals and Objectives 
 
The goal of the study is to provide current information on fish in Project-affected streams. 
 
The objectives of the study are on a site and species specific basis: 1) characterization of fish 
species composition and relative spatial distribution; 2) estimate of total or relative abundance of 
fish by species; 3) analysis of fish population size-structure and age-class structure; 4) 
calculation of fish condition factor; and 5) fry emergence timing. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba 
River; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River; 3) the North Yuba River from and including New 
Bullard’s Bar Dam Reservoir to the confluence with the Middle Yuba River; and 4) the portion 
of the Yuba River from the confluence of the North and Middle Yuba rivers to the confluence 
with the normal maximum water surface elevation of the USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 
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 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g., zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be performed in four steps: 1) select sampling sites; 2) collect data; 3) perform a 
quality assurance/quality control review of the data and analyze the data; and 4) prepare the 
report.  Each of these steps will be repeated for two years, and described below. 
 
Fish sampling is predicated on YCWA obtaining necessary federal and State of California 
permits for sampling.  Required permits include a CDFG scientific collecting permit (SCP) as 
well as an MOU if handling species listed as threatened or endangered under the Endangered 
Species Act.  The study plan will be attached to the SCP submittal for reference.  Given the 
current sampling area, ESA fishes are not expected to be present.  YCWA has provided 135 days 
in the schedule for processing the scientific collecting permit. 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Stream Fish Above Englebright  Revised Study Plan August 2011 
Page 6 of 16 ©2011, Yuba County Water Agency 

5.3.1 Step 1 – Select Sampling Sites 
 
Sampling will occur at the eleven sites described in Table 5.3.1-1. 
 
Table 5.3.1-1.  Eleven sampling sites by reach.   

Stream 
River 

Reaches 
Reach Length 

(mi) 
General 
Location 

North Yuba 
River 

New Bullard’s Bar Dam 
Reach 

2.3 

Site located below but in the vicinity of the USGS gaging station downstream of 
New Bullard’s Bar Dam.  Site will be determined based on reasonable access and 
appropriate sampling area (e.g., avoid large substrate and interstitial flowing 
water common for this section of the river). 
Site located near the confluence of the North Yuba River with the Middle Yuba 
River.   

Oregon 
Creek 

Upstream of Log Cabin 
Diversion Dam Reach – 
Non-Project 

Not 
Applicable 

Site located proximally to Log Cabin Diversion Dam, if possible within 0.5 mile. 

Log Cabin Diversion 
Dam Reach 

4.1 Site located near the confluence of Oregon Creek with the Middle Yuba River. 

Middle 
Yuba River 

Upstream of Our House 
Diversion Dam Reach – 
Non-Project 

n/a Site located within 0.5 mile upstream of Our House Diversion Dam Reach. 

Our House Diversion 
Dam Reach 

7.5 
Site located within 0.5 mile downstream of Our House Diversion Dam. 
Site located upstream of the Highway 49 Bridge Crossing near RM 4.5. 

Oregon Creek Reach 4.5 Site located proximally to Moonshine Creek near RM 3.4. 

Yuba River 

Middle/North Yuba 
River Reach 

5.8 

Site located near the confluence of the Middle Yuba River in an accessible 
location.  Access within the reach is limited. 

Site located proximally upstream of the New Colgate Powerhouse (RM 34) where 
access is available.  Site may be quantitatively snorkeled due to the larger stream 
channel. 

New Colgate 
Powerhouse Reach 

1.7 

Site located upstream of the influence of the reservoir, but downstream of the 
influence of the powerhouse.  Sites will likely be quantitatively snorkeled due to 
the larger stream channel.  Limited access may be available at Rice Crossing or 
from access roads of the powerhouse. 

 
 
Where possible and appropriate, sites will: 1) include habitat representative of the overall reach; 
2) be located at any known historic sampling sites; 3) be co-located with sampling sites for 
YCWA’s Instream Flow Upstream of  Englebright Dam Study, Special-Status Aquatic Mollusks 
Study and Benthic Macroinvertebrates Study; 4) be selected using mesohabitat mapping 
information available when the sites are selected to help identify sampling sites with mesohabitat 
types in similar proportion to the larger geomorphic reaches of the river; 5) be chosen far enough 
upstream or downstream of access locations to minimize the effects of fishing on fish population 
results, but still be reasonably accessible to field crews; and 6) where comparisons likely are to 
be made between sampling locations, comparison study sites will be located in sections of river 
with similar habitat types and similar sampling methods will be used. 
 
Final sampling sites will be selected in consultation with relicensing participants and YCWA 
will collaborate with interested and available Relicensing Participants regarding sampling 
locations for each methodology.  YCWA will make a good faith effort to schedule the 
consultation on a day or days convenient to YCWA and interested Relicensing Participants, and 
will provide an email notice at least 14 days in advance of the meeting or site visit. If 
collaborative agreement is not reached, YCWA will note the disagreements in its final report, 
including why YCWA did not adopt the recommendation. 
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5.3.2 Step 2 – Collect Data 
 
5.3.2.1 Preferred Method - Electrofishing 
 
YCWA’s preferred sampling method is electrofishing using three-pass-depletion. 
 
At least three passes will be made at each site using backpack electrofishing units.  Sample sites 
vary in length, and will range at a minimum, between 100 and 300 meters (m), unless 
Relicensing Participants and the YCWA both agree to a shorter length based on available habitat.  
Upstream and downstream ends will be blocked with fine mesh nets or a fish passage barrier.  
YCWA’s goal in determining site length is to have adequate length to include sufficient usable 
fluvial habitat represented in that reach (e.g., riffle, pool, glide).  Exact site length will be 
determined in the field by the YCWA.  
 
Block nets will span the full width and depth of the stream.  If necessary, salt blocks will be 
placed in the stream immediately above the electrofishing station to increase conductivity.  Salt 
blocks will be used when fish are observed escaping the direct path of the electric field generated 
by the electrofishing unit at elevated settings. 
 
Field crews will consist of at least two netters for each shocker.  YCWA will follow Temple, et 
al. (2007), who recommends one backpack electroshock crew for streams less than 7.5 m wide 
and two backpack electrofish crews for streams 7.5 - 15 m wide.  In wadeable streams wider than 
15 m the number of electroshocking crews will be expanded as necessary to assure effective and 
accurate sampling. 
 
Captured fish will be retained in aerated buckets and/or live cars until each pass is completed.  
As described above, fish will be sedated as necessary and with appropriate approvals.  All fish 
will be identified to species and counted.  Effort will be made to measure all fish.  Measurements 
will be to the nearest millimeter (fork length for forked-tail fish and total length for all other fish) 
and weighed by digital scale to the nearest gram.  However, measuring will cease if long holding 
times begin to result in mortality of captured fish.  Effort will be made to evenly represent all 
size classes collected within the subsample of the measured species.  The actual number of 
measured species will be determined through professional judgment based upon the size class 
homogeneity of the sample (i.e., number of size classes represented).  Scale samples will be 
taken on a subsample of larger, less abundant select fish (hardhead, rainbow trout, and brown 
trout) for validating length-age indices.  All fish removed from the reach will be held in live cars 
downstream of the sampling site and redistributed evenly across the sampling reach following 
completion of the final pass for the survey.  Mortalities and fish condition (spinal trauma, 
burning) will be noted and recorded prior to release.  All effort will be made to ensure sampling 
activities in the field will minimize potential injury or mortality to aquatic species.  All data will 
be recorded on a standardized electrofishing form. 
 
General information and habitat/channel metrics will be collected at each sample site.  General 
information will include site identification, turbidity (vishualy estimated as low, moderate, or 
high), discharge (measured prior to sampling if a stream gage is not available), crew members, 
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number of shockers, date and time, air temperature, weather conditions, and GPS location.  
Additionaly, water temperature, conductivity, and DO will be collected with a YSI or equivalent 
water quality instrument.   Metrics collected at each meso-habitat unit within the sample site will 
include meso-habitat type, estimated average and maximum depth, estimated average wetted and 
bankfull width, dominant cover type, dominant and subdominant substrate.  Habitat data 
collected will be consistent with that collected in habitat mapping studies. 
 
Prior to electrofishing at a site that has been previously selected; YCWA will walk the stream-
bank to directly observe the presence of any western pond turtles (WPT) or foothill yellow-
legged frog (FYLF).  If a WPT or FYLF is observed, YCWA will relocate the site upstream or 
downstream to a location that includes similar habitat types as the selected site, and repeat the 
procedure (i.e., check for WPT or FYLF and relocate if either is observed).  If WPT or FYLF is 
not observed, YCWA will commence electrofishing.  YCWA will adhere to accepted 
decontamination guidelines to minimize the likelihood of transmitting diseases (USFWS 2005). 
 
5.3.2.2 Alternative or Supplemental Method – Snorkeling 
 
As stated above, YCWA’s preferred sampling method is electrofishing.  However, as described 
by O’Neal (2007), snorkeling is often feasible in places where other methods are not; for 
example, deep, clear water with low conductivity makes quantitative electrofishing prohibitive.  
Species composition, presence/absence, relative abundance, general size class and habitat use 
information can be obtained with snorkeling techniques (Slaney and Martin 1987; O’Neal 2007). 
 
Snorkeling will only be used by YCWA to replace electrofishing if the entire sampling site is too 
deep to electrofish.  Qualitative electrofishing will occur on the margins of quantitatively 
snorkeled sites following the snorkel assessment.  A single pass qualitative approach will be 
utilized to provide length and weight data that will be used to develop a condition factor and 
included in the report. 
 
Snorkeling may be used by YCWA to supplement electrofishing in habitat types that do not lend 
themselves to electrofishing, if portions of a site do not lend themselves to electrofishing based 
upon depth, current velocity, and other physical considerations (e.g., access or safety). 
 
If used, snorkeling techniques will generally follow those outlined by Thurow (1994), Dolloff et 
al. (1996), and O’Neal (2007).  Surveys will be conducted during midday and during periods 
with low annual turbidity levels (generally late summer). 
 
If snorkeling surveys are to be performed within a section of stream where electrofishing has 
occurred, snorkeling surveys will be conducted immediately after electrofishing is complete.  
Snorkel lanes will run the full length of each sample unit within the survey site.  One diver will 
swim a lane.  Generally two to three divers (as determined by the wetted stream channel width at 
each site) will snorkel the lanes and record species composition and abundance.  Fish will be 
identified, counted, and visually categorized into pre-defined length-classes (0-2 in., >2-4 in., 
>4-6 in., >6-8 in., >8-10 in., >10-12 in., >12-14 in., etc.).  Observers will calibrate estimated fish 
lengths by viewing painted wooden dowels of varying known lengths underwater.  Visual 
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estimates of length will be made in English units and later converted to metric units to avoid 
error.  Maximum sight distance for accurate determination of fish species will be recorded on the 
field data form.  All snorkelers will be equipped with mask-integrated video cameras during each 
pass4.  Captured video will be transferred to a DVD and made available on request.  The DVD 
will be viewable with media player software.  Although the video will not be edited or enhanced 
with special menus, each stream unit snorkeled will begin with a sign board indicating the date, 
time, and habitat unit number that will correspond with snorkeler’s observation notes. Two to 
three replicate snorkel surveys will be performed using the same diving team to assess 
efficiency, obtain an estimate of survey variance, and determine a level of confidence for use in 
abundance estimation (Slaney and Martin 1987; Hankin and Reeves 1988).  Data will be 
recorded on a standardized fish snorkeling survey form and attached to the electrofishing form 
for the site.  The site information and habitat metrics collected for the electrofishing prior to 
snorkeling will be used for the snorkel datasheet.  Snorkeling data will be analyzed separately 
from the electrofishing data. 
 
5.3.2.3 Rainbow Trout Fry Emergence Sampling 
 
The timing of rainbow trout fry emergence was identified by agencies during study plan 
development as an area of interest to better define fry periodicity in the study area.   Oregon 
Creek and the Middle Yuba River above Our House Dam were selected as reference sites for this 
study.  The location of the study sites will be in the vicinity of Log Cabin Diversion Dam on 
Oregon Creek and Our House Diversion Dam on the Middle Yuba River proximally above the 
diversions.  The study area for the fry emergence data gathering will extend no more than 1 mile  
upstream of each Project diversion.  A one-year (2012) qualitative assessment with one to two 
field technicians (depending on flow runoff) and a field lead will be implemented primarily 
utilizing backpack electrofishing.  Snorkeling will be applied during high flow events when 
safety is a concern or in challenging habitat (i.e., undercut banks, etc.) where electrofishing may 
be ineffective.  The sampling method will be at the discretion of the field crew lead.  Effort will 
be made to identify any redds that are visible from shore.  Any identified redds will be marked 
with GPS and documented. 
 
A total of eight sampling events will occur every two weeks from March 15 to June 30, 2012.  
The sampling events are expected to take 1 to 2 days depending upon flow runoff.  When lower 
flows are present, electrofishing both reaches (which are 20 minutes travel apart) on the same 
day will be feasible; however, when spring runoff is occurring 2 days will be needed to 
accommodate access issues.  If an event is missed due to unsafe flows, it will be re-attempted at 
the next available weekday.  If multiple events are missed they will be evenly redistributed into 
the sampling schedule to achieve eight events. 
 
Data collection will follow a similar methodology to that described above for electrofishing and 
snorkeling.  An active collecting or searching qualitative approach will be applied to locate fish.  
Collected fish will be identified to species and measured in length to the nearest millimeter.  

                                                 
Study 07-11 - Narrows II_Barrier to Anad Fish US Mig_8-4-2011  Licensee will not repeat or terminate a day of sampling at a site due to video 

camera failure or malfunction.  Upon identifying video camera failure malfunction, Licensee will repair the mask to limit any 
lost video in a timely manner.   
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Observed fish will be identified to species, and  length will be estimated in half-inch length-
classes.  If young fry become challenging to identify, voucher species may be collected to 
confirm identification after the sampling event using a microscope.     
 
5.3.3 Step 3 – QA/QC Analysis and Information Analysis   
 
Following a quality control/quality assurance review, data will be entered into and organized in 
an Excel spreadsheet.  Some parameters may be analyzed in Excel while other parameters will be 
analyzed using published public domain scientific software for calculating stream fish population 
statistics.  While all species will be recorded, small sample sizes of some species may limit some 
statistical analyses. 
 
5.3.3.1 Individual Fish Condition Factor 
 
Fish size and weight data will be summarized by species and by sample site.  Standard scientific 
software outputs including minimum, maximum, and mean fork length and weight will be 
calculated.  Length and weight data will be used to calculate a relative condition factor (Kn) 
(Anderson and Gutreuter 1983) and to provide a general indication of the health of individuals; 
relative condition factors near a value of 1 indicate more healthy individuals.  Relative condition 
factors for electrofishing sites will be stream and species specific, for length and weight data 
collected at all quantitative electrofishing sites. 
 
5.3.3.2 Fish Species Populations and Biomass 
 
Standing stock estimates in terms of fish population numbers and biomass will be calculated by 
species for each site and analyzed by age class.  Electrofishing data will be analyzed using a 
scientific software package (e.g., Microfish or other similar program).  Capture probabilities (the 
proportion of fish captured on a given electrofishing pass), size statistics, and biomass will be 
generated for each sample site using fish capture data.  Biomass will be calculated based upon 
total weight measured for each species.  Standing stock estimates will be reported as: 1) numbers 
and weight (g) of fish by species per 100 m of stream; 2) numbers of fish by species per mile; 3) 
pounds of fish by species per acre of stream surface; and 4) kilograms of fish by species per 
hectare. 
 
Fish species population analysis will include size structure based on relative stock densities.  To 
provide an index of size structure for each site, traditional relative stock densities (RSD) of each 
species will be calculated.  The RSD will be presented on a scale of 0 to 100 (Anderson and 
Neumann 1996).  RSD will be calculated as the proportion of fish sampled greater than 6 inches, 
i.e., RSD = (# of fish >6-inch in sample) / (# of fish in sample) x 100.  The 6-inch length was 
chosen because it is often used as the smallest size where fish are desired by anglers.  A high 
RSD indicates that a greater proportion of the population consists of fish in the size class 
desirable to anglers. 
 
Fish species population will also include an analysis by age class.  Existing length-age indices 
will be used to determine the age class.  Length-age indices are relatively accurate for smaller 
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fish; however, confidence intervals reduce with larger fish.  Scales collected as described above 
will be read to assist in identifying larger fish age class breaks.  Regression analysis will be used 
to analyze the data and if necessary, adjust the indices. 
 
5.3.3.3 Fish Community Analysis 
 
Analysis will also include species composition and relative abundance of the fish community 
(i.e., percent composition).  The diversity of fish species will be assessed in Project reaches as 
the data allows.  Possible statistical analysis could include the Shannon Weaver Diversity Index, 
a means of characterizing the evenness of species diversity. 
 
The condition of fish communities will also be evaluated based on the rigor of the collected data 
described above at three levels of biological organization: individual level, population level, and 
community level.  Moyle et al. (1998) and Moyle and Marchetti (1998) provided the following 
descriptions of fish health at these levels:  
 
5.3.3.3.1 Individual Level 
 
Most fish in a healthy stream should: 1) have a robust body; 2) be free of disease, parasites, and 
lesions; 3) demonstrate reasonable growth rates for the region; and 4) exhibit appropriate 
behavioral patterns. 
 
5.3.3.3.2 Population Level 
 
Fish populations in healthy stream environments: 1) exhibit multiple age classes indicating that 
reproduction is regularly occurring; 2) achieve a viable population size (i.e., occur in adequate 
numbers to maintain a self-sustaining population and the long-term persistence of the 
population); and 3) consist of mostly healthy individuals. 
 
5.3.3.3.3 Community Level 
 
Fish communities considered in good health in California: 1) are typically dominated by co-
evolved species; 2) have a predictable structure as indicated by limited niche overlap among 
species and trophic levels; 3) are resilient in recovering from extreme events; 4) consist of a 
persistent species membership; and 5) are replicated geographically (i.e., can be found in similar 
habitats within the drainage or in other similar drainages). 
 
5.3.3.4 Use of Fry Emergence Sampling Information 
 
Trout egg development is primarily dependent on water temperature.  By recording the water 
temperature during the incubation period, the date of spawning, or emergence can be estimated if 
the date of one of the two events is known.  Water temperature, however, is highly variable, so 
average daily temperatures are used in this calculation. Each degree Fahrenheit over 32 degrees 
of the daily average water temperature is one temperature unit (e.g., 55°F would equate to 55-
32=23 units), or Daily Temperature Unit (DTU)). These units are tallied daily until they meet the 
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species specific criteria for hatching or emergence.  For example, if water temperature was held 
constant at 55°F it would take 24 days for hatching (i.e., 552 DTU criteria for hatching, divided 
by 23 daily units recorded equates to 24 days).   
 
The daily temperature unit criteria will be used from Piper et al. 1982 and Senn et al. 1984 and is 
displayed in Table 5.3.3-1.  The end product of the analyses will be to establish the periodicity 
for rainbow trout spawning and hatching.   
 
Table 5.3.3-1.  Daily Temperature Units required from spawning to emergence for rainbow trout 
(Piper et al. 1982 and Senn et al. 1984).   

Average Incubation 
Temperature  

Daily Temperature Units 
Required For Hatching 

Daily Temperature Units Required For 
Emergence 

45°F 624 1,029 
50°F 558 963 
55°F 552 957 

 
 
Agencies agreed that the measured spawning periodicity developed from this sampling and 
analysis effort will be used to set the rainbow trout spawning period in the relicensing Instream 
Flow Study Upstream of Englebright Reservoir (Study 3.10) and subsequent discussions in 
relicensing. 
 
5.3.4 Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.   The report will also contain GIS maps of sampled areas, organized and 
labeled photos of each site, and relevant summary tables and graphs.  The reported data will be 
organized by basin, reach, and site to allow for a spatial presentation of the findings.  At the end 
of each sampling year, raw QA/QC’d data will be made available to Relicensing Participants. 
 

6.0 Study-Specific Consultation 
 
This study proposal includes the following study-specific consultation: 
 
 Invite interested and available Relicensing Participants into the field to comment on selection 

of sampling sites. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
Project Preparation and Site Selection .................................................... October - November 2011 
Field Sampling ...................................................................................... June - August 2012 & 2013 
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Data QA/QC ............................................................................................... September 2012 & 2013 
Prepare Report ........................................................................................................ September 2013 

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
The methodologies described above for stream fish population data collection are typical of 
recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $125,000 and 
$175,000.  
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Study 3.9 

NON–ESA LISTED FISH POPULATIONS 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect fish in the 
Yuba River downstream of the United States Army Corps of Engineer’s (USACE) Englebright 
Dam.2 Alterations in the timing, magnitude, duration and thermal character of flow, as well as 
flow fluctuations and changes to sediment transport are a result of Project facilities that may 
cause direct and indirect affects to habitat necessary for support of fish and aquatic life in the 
lower Yuba River. 
 
This study focuses on the overall fish community and especially special-status3 fishes that occur 
or may occur in the Yuba River downstream of Englebright Dam.  These special-status fishes 
include hardhead (Mylopharodon conocephalus), Sacramento splittail (Pogonichthys 
macrolepidotus) and Sacramento-San Joaquin roach (Lavinia symmetricus ssp.), each of which is 
listed by the California Department of Fish and Game (CDFG) as Species of Special Concern. 
 
Three species listed as threatened under the ESA occur in the lower Yuba River downstream of 
Englebright Dam: Central Valley spring-run Chinook salmon (Oncorhynchus tshawytscha); 
Central Valley steelhead (O. mykiss); and the Southern Distinct Population Segment of North 
American green sturgeon (Acipenser medirostris).  These species are the subject of separate 
relicensing study proposals, but general information regarding their abundance and distribution is 
included in this study proposal to provide a comprehensive overview of the fish community in 
the lower Yuba River downstream of Englebright Dam. 
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 

3  For the purpose of this study, special-status fish are considered those species: 1) listed under the federal Endangered Species 
Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for delisting; 2) listed under the 
California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or proposed for delisting; or 3) 
formally listed by California Department of Fish and Game as a Species of Special Concern.  Fish species listed as threatened 
or endangered under the ESA or CESA are addressed in separate studies. 
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2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over fish that could be potentially affected 
in the geographic area included in this study proposal:  1) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) 
California Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, 
Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species within the FERC Boundary and downstream of the Project as 
resources are affected by ongoing Project operations. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this study plan is to evaluate Project-related effects on non-ESA fish in the 
Yuba River downstream of Englebright Dam. The objectives of the study are to: 1) characterize 
the fish community including species composition; 2) estimate species’ relative abundance; 3) 
characterize species relative spatial distribution relating to project flows; and 4) characterize 
species-specific habitat utilization relating to project flows.  
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4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California.  The fish community in the river has been studied since the mid-
1970’s, and these studies have shown that the river supports a diverse fish community comprised 
of anadromous and non-anadromous, native and introduced fish species.   

This study plan summarily describes five available source documents regarding fishes in the 
Yuba River downstream of Englebright Dam (i.e., field studies and data collection reports), four 
ongoing data collection efforts included in the lower Yuba River Accord Monitoring and 
Evaluation Program (Yuba Accord River Management Team (2009) referred to herein as the 
“M&E Program”), and one other data collection and monitoring program.  
 
4.1 Existing Information For Non-ESA listed Fishes Downstream of 

Englebright Dam 
 
4.1.1 Historic Studies 
 
Although Rotary Screw Trapping (RST) surveys conducted in the Yuba River near Hallwood 
Boulevard located approximately 7.5 miles upstream of the confluence of the Yuba and Feather 
rivers focused on juvenile Chinook salmon and steelhead, at least 21 species of fish were 
captured during 2003-2004 sampling (Massa 2004) and 2004-2005 sampling periods (Massa and 
McKibbin 2005).  Although these data provide information regarding the temporal distributions 
of fish species, they do not provide information regarding the spatial distribution of them 
throughout the lower Yuba River.  However, extensive fish community surveys in the Yuba 
River downstream of Englebright Dam have been conducted by electrofishing in shallow water 
river margins and side channels at 19 sites, river margin snorkeling surveys at the same 19 sites 
at which electrofishing was conducted, and mid-channel snorkeling surveys in 54 river channel 
segments (Kozlowski 2004).  In addition, electrofishing was conducted at 9 sampling sites, and 
snorkeling surveys were conducted at 39 sampling sites by Beak (1989). The results of these 
surveys provide information on the fish community in the Yuba River downstream of 
Englebright Dam and is consolidated and summarized by general reach in Table 4.1.1-1, below.  
Each of these studies is described below.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Non-ESA Fish Below Englebright Revised Study Plan August 2011 
Page 4 of 20 ©2011, Yuba County Water Agency 

Table 4.1.1-1. Fish community of the lower Yuba River.   

The  Narrows Above  DPD B e low DPD B ackwate r Re ach
(RM  24 to RM  22) (RM  22 to RM  11.5) (RM  11.5 to RM  3.5) (RM  3.5 to RM  0)

prickly/riffle sculpin/            
Cottus sp.
Sacramento sucker/       
Catostomus occidentalis
speckled dace/         
Rhinichthys osculus
steelhead/rainbow trout/              
Onchorhynchus mykiss
Chinook salmon/        
Oncorhynchus tshawytscha
Sacramento pikeminnow/         
Ptychocheilus grandis
American shad/                 
Alosa sapidissima
tule perch/                    
Hysterocarpus traski
striped bass/                     
Morone saxatilis
Pacific lamprey/                           
Lapetra tridentatus
hardhead/           
Mylopharodon conocephalus
green sunfish/                 
Lepomis cyanellus
bluegill/                          
Lepomis macrochirus
mosquitofish/                
Gambusia affinis
redear sunfish/                  
Lepomis microlophus
California roach/                     
Lavinia symmetricus
smallmouth bass/                    
Micropterus dolomieui

M ost Abundant
Abundant 
Rare
Not Present

                                                   
Common Name/
Scientific Name

Re ach

Spe cie s  

Legend

 
 
 
4.1.1.1 California Department of Fish and Game (CDFG) 1991 
 
CDFG (1991) indicates that assessment of aquatic resources in the Yuba River downstream of 
Englebright Dam began between 1986 and 1988, when CDFG and its contractor (Beak 
Consultants Inc. 1989) conducted studies addressing fish community structure.  The studies were 
conducted in four reaches: 1) Narrows Reach extending below Englebright Dam at RM 24 to the 
downstream side of the Narrows 1 and Narrows 2 powerhouses at RM 22; 2) Garcia Gravel Pit 
Reach beginning downstream of the Narrows Reach at RM 22 and extending to the USACE’s 
Daguerre Point Dam4 at approximately RM 11.5; 3) Daguerre Point Dam Reach extending to the 
                                                 
4  Daguerre Point Dam was constructed by the California Debris Commission in 1910; is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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downstream terminus of the Yuba Goldfield at approximately RM 3.5; and 4) the Simpson Lane 
Reach approximately 3.5 to the confluence with the Feather River at RM 0 in the town of 
Marysville.  The results of the Beak (1989) studies led to the development of CDFG’s Lower 
Yuba River Fisheries Management Plan Final Report in 1991. 
 
According to CDFG (1991), electrofishing and snorkel survey techniques were used to gather 
data on the aquatic community because each method addressed different informational needs of 
the study.  Snorkeling surveys allowed for the characterization of juvenile salmonid habitat 
during spring months that were otherwise inaccessible to boat electrofishing, such as shallow 
near shore and riffle areas.  Electrofishing was conducted primarily to assess those species that 
were under-represented in snorkel surveys.  Nine sites throughout the four study reaches were 
electrofished during February 1987 including 1 site in the Narrows Reach, 3 sites in the Garcia 
Gravel Pit Reach, 2 sites in the Daguerre Point Dam Reach, and 3 sites in the Simpson Lane 
Reach. All sites except the two Daguerre Point Dam Reach sites were sampled again during May 
1987.  Snorkel surveys were conducted at 39 sites within the four study reaches including five 
sites in the Narrows Reach, 10 sites in the Garcia Gravel Pit Reach, 12 sites in the DPD Reach (7 
immediately downstream of Daguerre Point Dam and 5 downstream of Hallwood Boulevard), 
and 12 sites in the furthest downstream Simpson Lane Reach. 
 
Relative abundance estimates from electrofishing indicate Chinook salmon and Sacramento 
sucker were the most abundant species, comprising 49 percent and 32 percent of total 
electrofishing catch by number, respectively.  Most other species represented less than 1 percent 
of total abundance, including steelhead/rainbow trout, Pacific lamprey, hardhead, California 
roach, speckled dace, and centrarchid species (e.g., smallmouth bass, blue gill, and green 
sunfish).  Snorkel survey abundance estimates similarly suggested Chinook salmon was the most 
abundant fish species representing 49 percent of all fish observed.  However, steelhead/rainbow 
trout comprised 22 percent of total observations, followed by Sacramento sucker (11%) and 
Sacramento pikeminnow (10%). No American shad were captured or observed by either 
electrofishing or snorkel surveys, possibly due to low water conditions during the spring of 1987 
and 1988 as postulated by CDFG (1991). 
 
CDFG (1991) captured a total of 1,707 fish by electrofishing.  Only three fish species (i.e., 
Chinook salmon, Sacramento sucker and green sunfish) were captured in the Narrows Reach.  
Diversity was greater in the Garcia Gravel Pit Reach including Chinook salmon, 
steelhead/rainbow trout, speckled dace, hardhead, Sacramento pikeminnow, Sacramento sucker, 
green sunfish, bluegill, and riffle sculpin.  Six of these 10 species were similarly sampled from 
the Daguerre Point Dam Reach excluding steelhead/rainbow trout, speckled dace, and the two 
sunfish species.  Pacific lamprey, smallmouth bass, and tule perch were only collected in the 
most downstream sampling sites. 

A total of 8,815 fish was observed during CDFG (1991) snorkeling surveys.  Chinook salmon 
and steelhead/rainbow trout were present in all four reaches and were the only fish observed just 
below Englebright Dam. Pacific lamprey, Sacramento pikeminnow, Sacramento sucker, 
smallmouth bass, and riffle sculpin were observed in all sampling sites downstream of the 
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Narrows Reach.  Hardhead and tule perch were only observed downstream of Daguerre Point 
Dam.  CDFG (1991) reported that American shad and striped bass were confined to the area 
downstream of Daguerre Point Dam, and that few shad appear able to use the fishways at the 
dam. 
 
According to CDFG (1991) speckled dace and Pacific lamprey densities were highest in the fast 
flowing riffle and run/glide habitats, whereas, Sacramento sucker and Sacramento pikeminnow 
were observed in both deep pools (adults and juveniles) and shallow pools (juveniles). 
 
4.1.1.2 Kozlowski (2004) 
 
Kozlowski (2004) conducted electrofishing (early-July and late-August), a river margin survey 
(mid-August) just prior to the second electrofishing period during 2000, and two mid-channel 
snorkel surveys (late-July and early-September).  In addition, he reviewed 1999-2000 salvage 
data for the Hallwood-Cordua canal, a diversion canal located at Daguerre Point Dam, and 1999-
2001 trapping data for the Hallwood rotary screw trap (RST) near Hallwood Boulevard.  
Kozlowski (2004) observed a total of at least 12 species including sculpin, speckled dace, 
Sacramento sucker, Sacramento pikeminnow, Chinook salmon, rainbow trout, hardhead, tule 
perch, American shad, striped bass, and lamprey.  Kozlowski (2004) used “rainbow trout” to 
refer to O. mykiss regardless of the potential presence of forms with different life history patterns 
involving anadromy or non-anadromy. 
 
The study focused on the portion of the river between Marysville and the Narrows within the 
following four reaches: 1) the Simpson Lane Bridge (about RM 3.2) to the Yuba Goldfields 
(about RM 8.3); 2) the western boundary of the Yuba Goldfields (about RM 8.3) to Daguerre 
Point Dam (about RM 11.5); 3) upstream from Daguerre Point Dam (about RM 11.5) to the 
upstream side of Long Bar (about RM 16.2); and 4) Highway 20 (about RM 16.2) to the 
downstream side of the Narrows (about RM 22.2). 
 
A total of 6,224 fish representing 8 taxa in 6 families was collected by electrofishing.  All fish 
collected, with the exception of one green sunfish, were native species.  Rainbow trout (3,053) 
dominated the catch numerically, followed by prickly and riffle sculpins (2,079), speckled dace 
(730), Sacramento sucker (309), Sacramento pikeminnow (46), Chinook salmon (5), tule perch 
(1) and green sunfish (1).  The majority of fish collected was juveniles, although adult sculpins 
and speckled dace also were collected.  Speckled dace was the numerically dominant species 
collected in the reach immediately upstream of Daguerre Point Dam.  Overall, sculpin was the 
second most abundant species captured by electrofishing, and was the most abundant species 
collected downstream of Daguerre Point Dam.  Sacramento pikeminnow were distributed 
throughout the study area, although juvenile Sacramento pikeminnow were never very abundant.  
Sacramento pikeminnow were collected at sites above and below Daguerre Point Dam, although 
their distribution was limited to the more downstream sites in both of these reaches. 

A total of 10 taxa of fish, representing 7 families, was observed by direct observation during 
snorkel surveys of mid-channel habitats.  Direct observation accounted for an additional four 
taxa, and three families of fish not collected by electrofishing including American shad, 
hardhead, striped bass, and Pacific lamprey.  Of these four species, only hardhead and lamprey 
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are native to California.  The relative abundance of fish species observed by mid-channel 
snorkeling, in order of decreasing numerical abundance was Sacramento sucker, adult Chinook 
salmon, Sacramento pikeminnow, hardhead, American shad, striped bass, tule perch, and adult 
lamprey.  Sacramento sucker was the most abundant species observed during snorkel surveys of 
mid-channel habitats and was widely distributed throughout all reaches.  Kozlowski (2004) 
observed hardhead in all study reaches between Englebright Dam and the confluence of the Yuba 
River with the Feather River, although hardhead abundance estimates were generally low, often 
numbering fewer than 6 individuals.  Kozlowski (2004) observed Sacramento pikeminnow in all 
study reaches during mid-channel snorkel surveys, although Sacramento pikeminnow were more 
commonly observed downstream of Daguerre Point Dam.  Kozlowski (2004) observed one adult 
lamprey during the first mid-channel snorkel survey (early-August) downstream of the dam.  
Observations of American shad were limited to only two habitats that each contained a school 
larger than 25 individuals confined to the area downstream of DPD. 
 
Kozlowski (2004) observed fewer fish during river margin snorkel surveys than the first 
electrofishing sampling period.  River margin snorkel surveys observed a total of 318 fish that 
represented 5 taxa and 3 families.  All fish observed in river margin habitats were native species. 
Species observed in order of decreasing numerical abundance were rainbow trout, Sacramento 
pikeminnow, Sacramento sucker, speckled dace, and juvenile Chinook salmon. 
 
Kozlowski (2004) found that native species dominated the fish fauna, and introduced species 
were typically observed occupying habitats downstream of Daguerre Point Dam as opposed to 
habitats upstream of the dam. A greater number of species were documented downstream of the 
dam relative to the number observed upstream of the dam, despite similar sampling effort above 
and below the dam.  According to Kozlowski (2004), Sacramento sucker in the Yuba River had 
the widest distribution of any species other than rainbow trout.  Rainbow trout were the dominant 
species documented at most of the sites upstream of Daguerre Point Dam.  Speckled dace were 
the dominant species documented immediately upstream of the dam.  Sculpin was the dominant 
species documented at all sites downstream of Daguerre Point Dam.  Although rainbow trout and 
sculpins were documented at sites downstream and upstream of Daguerre Point Dam, 
respectively, species abundance at these locations was low.  No more than 5 striped bass were 
ever observed within a single habitat and all were observed downstream of the dam. 
 
4.1.1.3 Massa 2004; and Massa and McKibbin 2005 
 
Rotary Screw Traps (RSTs) were installed in the lower Yuba River as part of the Central Valley 
Project Improvement Act’s (CVPIA), Anadromous Fish Restoration Program (AFRP) for 
gathering information concerning juvenile salmon and steelhead trout life history strategies in the 
lower Yuba River (Massa 2004; Mass and McKibbin 2005).  Although the focus of these studies 
were on juvenile Chinook salmon and steelhead, at least 21 species of fish were captured during 
the 2003-2004 sampling (Massa 2004) and 2004-2005 sampling periods (Massa and McKibbin 
2005).  Data were obtained on the temporal distribution of salmonid and non-salmonid fishes 
throughout the course of the sampling periods. Abiotic data (e.g., flows, temperature and 
turbidity) were recorded corresponding to daily observation of downstream movement of fishes. 
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4.2 Ongoing Data Collection and Monitoring Activities 
 
In addition to the previously conducted studies, numerous data collection and monitoring 
activities continue to be implemented on the Yuba River downstream of Englebright Dam, 
including monitoring being conducted by the Yuba Accord RMT, as well as activities being 
conducted by other agencies and organizations. Several of these activities are obtaining and 
developing information pertinent to the fish community of the lower Yuba River. 
 
4.2.1 Lower Yuba River Accord Monitoring and Evaluation Program 
 
The Yuba Accord River Management Team (RMT), in collaboration with representatives from 
University of California at Davis and the Pacific States Marine Fisheries Commission, has 
developed a Monitoring and Evaluation Program (M&E Program) to guide the efficient 
expenditure of approximately $6 million to evaluate the effects of implementation of the Yuba 
Accord on the aquatic resources of the Yuba River downstream of Englebright Dam over the 
period extending from 2008 through 2016.  The parties to the Fisheries Agreement of the Yuba 
Accord intended that the monitoring and data collection activities implemented via the M&E 
Program will supplement information collected for the Federal Energy Regulatory Commission 
(FERC) relicensing of YCWA’s Yuba River Development Project. 
 
The RMT is comprised of representatives of the YCWA; United States Department of 
Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NMFS); United States Fish and Wildlife Service (USFWS); CDFG; Pacific Gas and 
Electric Company (PG&E); California Department of Water Resources (DWR) and the non-
governmental organizations that are parties to the Fisheries Agreement of the Yuba Accord (i.e., 
South Yuba River Citizens League, Trout Unlimited, Friends of the River and The Bay Institute).  
The RMT engaged Pacific States Marine Fisheries Commission (PSMFC) staff to undertake the 
field study work, with secured funding provided by YCWA under the terms of the Lower Yuba 
Accord Fisheries Agreement. 
 
In addition to focused studies on anadromous salmonids listed as threatened and endangered 
under the EA, the M&E Program was designed by RMT to monitor and evaluate the fish 
community of the Yuba River downstream of Englebright Dam.  One of the primary purposes of 
the M&E Program is to provide the monitoring data necessary to evaluate whether 
implementation of the Yuba Accord will maintain fish resources (i.e., the fish community 
including native fish and non-native fish) in good condition, pursuant to Fish and Game Code 
Section 5937.  The M&E Program embraces a monitoring-based adaptive management approach 
to increase the effectiveness of, and to address the scientific uncertainty associated with, specific 
monitoring and study activities, and restoration actions. Within the framework of this M&E 
Program, the RMT retains the flexibility to revise monitoring actions to address specific issues or 
obtain additional information. 
 
In the Yuba Accord M&E Program, analytical steps (“analytics”) are specified to address 
population metrics of the fish community in the Yuba River downstream of Englebright Dam, 
and examine potential relationships between measures of population metrics and flows and water 
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temperatures resulting from implementation of the Yuba Accord.  Data for examination of 
potential relationships between population metrics and flows and water temperatures are 
obtained from the specific sampling Protocols and Procedures.  The Yuba Accord M&E Program 
includes study plans, referred to as Protocols and Procedures, to obtain data and evaluate and 
characterize physical habitat conditions including: 1) Flow and Water Temperature Monitoring; 
2) Topographic Mapping (Digital Elevation Model, or DEM); 3) Substrate and Cover Mapping; 
4) 2-D Hydrodynamic Modeling; 5) Mesohabitat Classification; and 6) Riparian Vegetation 
Mapping.  Each of these protocols and procedures is described in the M&E Anadromous 
Salmonid Study Plan, and are available for review on the RMT website at 
www.yubaaccordrmt.com.  In addition to the Protocols and Procedures addressing physical 
habitat conditions in the river, the RMT has developed a suite of Protocols and Procedures in 
accordance with the M&E Program, several of which will obtain information regarding the fish 
community of the river downstream of Englebright Dam, including: 
 
 Snorkel Surveys  

 Redd Surveys  

 Rotary Screw Trapping  

 VAKI Riverwatcher Monitoring 
 
The Yuba Accord M&E Program Protocols and Procedures addressing the fish community are 
summarized below. 

4.2.1.1 RMT Snorkel Surveys 
 
The overall goal of the Snorkel Surveys Protocol and Procedure is to study anadromous salmonid 
diversity and habitat occurrence, in addition to characterizing the fish community in the Yuba 
River downstream of Englebright Dam.  This Protocol and Procedure, currently under 
development by the RMT, evaluates abiotic variables potentially affecting fish diversity and 
habitat occurrence including external forces (i.e., daily cycle, time of year, flow, and fluvial 
landform structure), and internal responses to specific combinations of the external forces (i.e., 
spatial pattern of water depth, velocity and mesohabitat pattern). 
 
It is anticipated that 2 years of snorkel survey sampling will be conducted, beginning during 
winter of 2011.  Sampling months will be selected so that all juvenile salmonid life stages will be 
present in the river during the course of snorkeling activities, although sampling may be 
extended through the summer.  The study area for the snorkel surveys is the Yuba River from 
Englebright Dam to the confluence of the Yuba and Feather Rivers near Marysville.  This study 
length includes a diverse assemblage of mesohabitat types as indicated by the observed riffle 
habitat spacing at approximately 4-7 bankfull widths as in most gravel-bed rivers.  The rapids in 
the Narrows will not be sampled due to potential safety issues. 
 
The specific sampling design continues to undergo refinement by the RMT.  However, at this 
time, it is anticipated that a morphological unit (up to 9 in-channel types and 3-5 edge types) 
oriented sampling strategy, stratified by river reach (up to 8 reaches based on geomorphic 
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principles) will be employed.  The objective of the survey sampling design is to obtain a strong 
geographical distribution suitable for longitudinal analysis.  Prior to each sampling survey, 
specific localities will be identified using GIS and uploaded to Trimble GPS units for easy field 
location. 
 
Divers will evaluate visibility by taking NTU measurements before sampling each day to 
determine if surveying is warranted.  For each day of sampling, “effective visibility” will be 
measured using a standard “4” lure and measured maximum distance for underwater 
identification of parr marks. 
 
Surveys will be conducted with three people in the river and a fourth on the river bank.  A 
second bank recorder may be necessary for units with high densities of fish.  Channel units will 
be surveyed by divers daily beginning at the downstream end of the channel unit working 
towards the upstream end of the channel unit whenever possible.  This includes working in an 
upstream direction along channel margins in swift areas.  In deep, high velocity areas of the river 
where snorkelers are physically unable to snorkel upstream, they will survey the area by drifting 
downstream 3 abreast.  In some areas of the river, it may be impossible to conduct snorkel 
surveys in either direction due to water velocity and in river hazards (i.e., rapids, rocks).  In these 
non-sampled areas, probability statistics may need to be applied.  Fish that are disturbed during 
the survey (i.e., swimming away and/or seeking refuge) will not be considered to be exhibiting 
normal behavior.  When undisturbed fish are located, snorkelers will first take a still image using 
their mask-integrated digital camera. 
 
Snorkeling effort will not be uniform in all channel units because the river ranges in width from 
10-100 meters.  Snorkelers will maintain “lanes” during surveys, spaced so that they are 3 meters 
apart.  Snorkelers are responsible for surveying the area 1.5 meter on either side of their path 
through the river.  The snorkeler closest to the bank should maintain a distance 1.5 meters from 
the bank and is responsible for surveying the area from the bank to an imaginary line 3 meters 
from the bank.  Backwater habitats and off-channel pools will be visually sampled by the nearest 
surveyor. 
 
Snorkelers will identify species and life stage, estimate fish length, and measure water depth in 
which a fish is observed.  Fish length will be estimated in 20-mm size increments (i.e., 30-50 
mm, 50-70 mm, etc.), which is believed to be the smallest interval that trained divers can 
distinguish.  When a group of fish is observed, and it is not possible to characterize them all 
individually, then counts of the number of fish in habitat “patches” (defined by the area of 
riverbed that can be effectively observed by a single diver) will be made.  A colored weight 
(large washers, fishing leads) with attached numbered tag will be placed on the bed to mark the 
location of either a single fish being observed or the central location of a group of fish too 
numerous to identify each one. 
 
Once the entire channel unit has been surveyed, two divers will walk or drift back downstream 
with a Trimble Global Positioning Unit (GPS) to relocate and record the GPS location for all bed 
tags identified during the snorkel survey, in order to be able to characterize water depth, water 
velocity, proximity to cover, and other geomorphic features. 
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The area of non-sampled channel resulting from excessive water velocity will be quantified at a 
representative snorkeling discharge, or range of discharges, and subsequently classified as 
“swimmable” and “unswimmable” areas, as part of the M&E Program 2D Hydrodynamic Model 
of the Yuba River downstream of Englebright Dam.  The resulting two multi-feature GIS vector 
polygons will be intersected with the M&E Program Mesohabitat Map, as appropriate for that 
discharge, and used to determine the relative abundances of non-sampled mesohabitat at the 
lower Yuba River, and study-site-only spatial scales. 
 
Data obtained during conduct of the Snorkel Survey Protocol and Procedure will be compiled in 
a Microsoft Access database, and annual data reports will be prepared and made available on the 
RMT website www.yubaaccordrmt.com. 
 
4.2.1.2 RMT Redd Surveys 
 
The Redd Survey Protocol and Procedure was designed by the RMT for the M&E Program 
primarily to obtain spatial, temporal, and microhabitat utilization information for anadromous 
salmonids in the Yuba River downstream of Englebright Dam.  However, the redd surveys have 
and will continue to collect spawning information on non-ESA species during the course of the 
surveys. 
 
Redd surveys were conducted during the 2008-2009 and 2009-2010 sampling years.  Annual 
study reports that summarize the sample year data are posted on the RMT website 
(www.yubaaccordrmt.com) as the reports are completed and approved by the RMT. Redd 
surveys will continue in 2010-2011, and also may be conducted in subsequent years pending 
results, as evaluated by the RMT. 
 
Reconnaissance-level redd surveys will begin in August and extend to May each year.  Prior redd 
surveys have documented the initiation of Chinook salmon spawning activity from about mid-
August to mid-September.  Redd surveys will begin the week after a Chinook salmon redd is 
first observed during the reconnaissance-level redd survey and extend through about May 1 (or 
until newly constructed steelhead redds are no longer observed).  This duration will encompass 
the spawning seasons of spring-run, fall-run, and late-fall run Chinook salmon, and steelhead, as 
well as the spawning periods for nest-building non-ESA fishes such as Sacramento sucker and 
lamprey. 
 
From the 2008-2009 pilot redd survey data and a simulation approach, a weekly sampling 
frequency was found to result in the most precise and accurate (least biased) estimates of 
spawning activity.  Therefore, weekly redd surveys will be conducted from the initiation of 
spawning activity until May each year beginning during the 2010-2011 redd survey and 
subsequent surveys. 
 
Several species of fish exist in the lower Yuba River known to construct redds including 
Chinook salmon, steelhead, Sacramento sucker (Catostomus occidentallis), and Pacific lamprey 
(Lampetra tridentata). Visual differentiation between steelhead redds and Sacramento sucker, 
and Pacific lamprey spawning nests is of concern because these three species clean the gravel 
during spawning.  Suckers do not typically spawn until late-March and April, and are generally 
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visible during their spawning season.  Steelhead redds are generally easy to distinguish, because 
they create a noticeable pit and tail spill in the gravel during redd construction.  The Oregon 
Department of Fish and Wildlife (1999) distinguish lamprey spawning nests and steelhead redds 
using redd/nest dimension measurements.  A steelhead redd is distinguished by a longer length 
than width and the tailings are evenly distributed downstream by the current.  Lamprey spawning 
nests generally have a neat and round appearance, with a conical bowl.  The unique characteristic 
of a lamprey spawning nest is the placement of the tailings upstream from the nest.  Lamprey  
excavate their spawning nests by sucking onto the gravel and then depositing it outside the nest. 
 
Species-specific redd identification will be conducted by comparing the physical dimensions and 
locations for all known redds (i.e., redds which were positively identified with one species or 
another building or guarding them).  During the redd surveys, each redd observed with an adult 
building or guarding them will be measured, and the species identified and recorded. Results 
from the 2008-2009 and 2009-2010 redd surveys in the lower Yuba River indicated that  lamprey 
were observed spawning in late-March and early-April in the most downstream sampling reach 
of the lower Yuba River, where sand was the subdominant substrate. 
 
Approximately 20.9 miles. of the 24 miles of total length of the Yuba River downstream of 
Englebright Dam will be surveyed during the redd surveys.  About 0.7 mile of the river located 
immediately below the first set of riffles downstream of Deer Creek to the top of Narrows Pool 
will not be surveyed due to rugged and dangerous conditions in the steep canyon known as the 
Narrows.  Additionally, an approximate 2 mile section from Simpson Lane Bridge to the 
confluence with the Feather River will not be regularly surveyed because spawning has not been 
observed in this location during past surveys. 
 
The 2010-2011 redd surveys, and any subsequent surveys, will be conducted using two catarafts 
rather than the four kayaks used during the 2008-2009 and 2009-2010 redd surveys.  Each 
surveyor, wearing polarized sunglasses, will scan the river from the shore to the middle of the 
river, working downstream.  Side channels in the survey area may require walking.  Visibility 
will be measured using a Secchi disk at the top of the survey section. 
 
Deep water surveys will be conducted during the 2010-2011 redd survey period in addition to the 
surveys conducted by cataraft. The specific methods employed for the deep-water surveys are 
being field tested during the winter and late-summer of 2010. 
 
For each new redd observed throughout the sampling season, the following data will be 
recorded: 1) a GPS (Trimble GeoExplorer XT) location taken at the center of the redd’s pit with 
a unique identifying number (i.e., date and redd number; i.e. 082908-001); 2) total dimensional 
area using a GPS for areas appearing to contain multiple redds with no clear boundaries (i.e., 
mass aggregate spawning); 3) habitat type (i.e., pool, riffle, run, or glide); 4) substrate 
composition of ambient habitat based on substrate size immediately upstream of the pit; 5) redd 
species identification; 6) number of fish observed on the redd; 7) location information (i.e., side 
channel or main channel); 8) comments regarding observable redd superimposition (i.e., redd 
overlap); and 9) any additional comments. 
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The path undertaken by each surveyor down the river will be recorded using Garmin GPSMAP 
60C x GPS units to document specific locations of the river surveyed. The GPS and a data 
dictionary will be used to ensure redds counted during the previous survey weeks are not double-
counted. In addition, surveyors will mark each redd at the pit with a painted rock. 
 
At each fresh redd located, measurements of mean water column velocity, “nose velocity” (i.e., 
fish focal point water velocity, which is the water velocity at an observed fish’s position or, when 
a fish is not observed actively preparing a redd, at the predetermined distance of 0.5 ft above the 
undisturbed streambed), total water depth and visual estimates of substrate composition will be 
made to approximate habitat conditions prior to gravel disturbance caused during redd 
construction.  All measurements will be made 0.5 ft upstream of the leading edge of the pit along 
the mid-line of the redd, unless field personnel determine that measurements adjacent to the mid-
point of the pit are more representative of undisturbed conditions for that specific location.  The 
specific location of the measurements will be recorded on the data sheet. 
 
Redd substrate composition will be visually estimated as percentage composition (to the nearest 
10 percent) of each of eight size categories. Prior to conducting the redd surveys, the field survey 
crews will become familiar with visual substrate size estimation by having undergone training by 
visually estimating substrate size, then comparing those estimates to results obtained by passing 
those substrate elements through a gravel template.  Visual estimation of substrate sizes will be 
along the B axis of the substrate elements. 
 
Data from the Redd Survey Protocol and Procedure are compiled in a Microsoft Access 
database, and annual data reports are prepared and available on the RMT website 
www.yubaaccordrmt.com. 
 
4.2.1.3 RMT Rotary Screw Trapping 
 
The Rotary Screw Trapping Protocol and Procedure was designed by the RMT for the M&E 
Program primarily to obtain information on emigrant juvenile anadromous salmonids.  However, 
the rotary screw trapping surveys have collected information on non-ESA species during the 
course of the surveys including species composition, abundance, temporal distribution, and size 
(length and weight) information. 
 
RST sampling at the Hollwood Boulevard sampling site (approximately 0.5 mi. upstream of 
Hallwood Boulevard at RM 7.5) has been conducted seasonally on the lower Yuba River from 
1999 to 2005 and year-round from 2006 to 2009.  RST sampling was suspended in August of 
2009 and currently there are no plans to resume RST operations. 
 
The RSTs were fished year-round, with the survey period defined as October 1 through 
September 31. Interruptions of sampling effort within a particular survey period due to, for 
example, excessive debris or high streamflow, is recorded and justified. 
 
The M&E Program RST activities have utilized a set of three RSTs near Hallwood Boulevard 
(approximately 0.5 mi. upstream of Hallwood Boulevard at RM 7.5).  A fourth trap was intended 
for use upstream of Daguerre Point Dam, although the exact location was not chosen.  Two of 
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the RSTs at the Hallwood Boulevard location were conically shaped with a cone diameter of 8 
feet. The two 8-ft RSTs (RST 1 and RST 2) are fished in tandem and tethered to a rock anchor 
and set approximately 100 feet downstream of the 5-ft RST.  The third RST at the Hallwood 
Boulevard location has a cone diameter of 5 feet, tethered by an earth anchor situated toward the 
downstream end of a large gravel bar. 
 
A field crew of two to three technicians service the RSTs at least once per day to document their 
operational status, remove trapped fish from the live box, estimate rotation speed, remove debris, 
and record water temperature (°C), velocity (feet per second), and turbidity (NTUs).  During 
periods of excessive algae growth (June-October), high debris loads, or high river flow events 
the RSTs are serviced at least twice per day to keep them rotating continuously and reduce fish 
mortality. 
 
Captured fish are processed on the bank of the river each day of sampling. Species are identified, 
enumerated, and measurements of fork length (mm) are made. 
 
Data from the RST Protocol and Procedure are compiled in a Microsoft Access database, and 
annual data reports are prepared and available on the RMT website www.yubaaccordrmt.com. 
 
4.2.1.4 RMT VAKI™ Riverwatcher Fish Counter Monitoring 
 
The VAKI™ Riverwatcher Protocol and Procedure was designed by the RMT for the M&E 
Program to be used in conjunction with data collected from redd surveys, carcass surveys, and 
angler surveys to monitor salmonid fish passage and abundance in the lower Yuba River.  
However, the VAKI™ Riverwater monitoring data set can provide information on non-ESA 
fishes including species composition, abundance, temporal distribution, and fish passage trends 
for non-ESA fishes as well. However, because the VAKI™ Riverwatcher units are located in 
approximately the middle of the lower Yuba River (approximately RM 12) it can be difficult to 
accurately estimate abundance for any species for the entire lower Yuba River. VAKI™ System 
down times, a minimum fish size required to activate the system, and high flow events  
complicate the accuracy in fish identification, estimating abundance, and describing species 
composition reducing the utility of this tool for monitoring  non-ESA fishes. 
 
The VAKI™ Riverwatcher system is operated year-round for monitoring fish migration in the 
Yuba River downstream of Englebright Dam. The VAKI™ Riverwatcher system began 
operation during 2003, and is anticipated to be operated continuously at least through 2014.  For 
the FERC Relicensing process, a report summarizing monitoring and evaluation activities will be 
prepared by October 2012, and available for review. 
 
Fish passage monitoring is conducted using two separate VAKI™ Riverwatcher systems, in 
conjunction with digital photography or videography, located in the north and south fish ladders 
at DPD. The VAKI Riverwatcher system records both silhouettes and electronic images or short 
pieces of video of each fish passage event.  By capturing silhouettes and images, fish passage can 
be accurately monitored even under turbid conditions. 
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Data collection for individual fish passage events are automatically recorded by the VAKI™ 
Riverwatcher systems. The VAKI™ Riverwatcher systems record the time/date of each fish 
passage event, the upstream or downstream direction of passage, the speed of the fish moving 
through the system (m/sec), the fish’s body depth (mm), and logs water temperature every hour. 
To maximize the accuracy of passage estimates generated by the VAKI™ Riverwatcher systems, 
a full-time technician is employed to monitor the systems and minimize system off-line events. 
 
Data from the VAKI™ Riverwatcher Monitoring Protocol and Procedure are compiled in the 
proprietary program Winari, exported and summarized in Microsoft™ Excel, and annual data 
reports are prepared and available at the RMT website www.yubaaccordrmt.com. 
 
4.2.2 Other Data Collection and Monitoring Programs 
 
Several data collection and monitoring activities have been, and continue to be implemented on 
the Yuba River downstream of Englebright Dam by a variety of agencies and organizations. 
Information obtained through the following data collection and monitoring activities pertinent to 
non-ESA fish species are described below. 
 
4.2.2.1 CDFG Angler Surveys 
 
Section 3406(b)(16) of the Central Valley Project Improvement Act (CVPIA) specifies that a 
monitoring and assessment program would be developed to evaluate the effectiveness of 
implemented restoration actions. The Comprehensive Assessment and Monitoring Program 
(CAMP) was established for this purpose.  Nine sport fish species found in Central Valley rivers 
are considered target species and are assessed by the CAMP harvest monitoring including 
Chinook salmon, steelhead, rainbow trout, striped bass, sturgeon (all species), American shad, 
catfish (all species), sunfish (all species), and black bass (all species). 
 
CDFG has conducted angler surveys on the Yuba River from 1998 through 2001. Angler surveys 
on the Yuba River resumed in January 2008 and will be conducted into the future. River sections 
for the Yuba River downstream of Englebright Dam are surveyed year-round by CDFG (D. 
Massa, CDFG, pers. comm., 2009). All sample sections are surveyed eight randomly-selected 
days per month; four weekdays and four weekend days. Weekdays and weekend days are placed 
in separate strata due to the increase in angling effort commonly associated with weekend days. 
 
Two river sections are surveyed by the Central Valley Angler Survey on the Yuba River 
including: 1) Marysville to Daguerre Point Dam; and 2) Daguerre Point Dam to 1 mile upstream 
of the Highway 20 Bridge.  These sites are surveyed via kayak, so the angler count and interview 
data are collected in tandem as the surveyor travels downstream with the current.   Start time and 
launch location are randomized using a random number generator. 
 
Field data required to calculate angler use and catch estimates include hourly counts, angler 
counts, and angler interviews.  During the angler count, time and location of anglers is collected, 
as well as parameters for angler effort such as the number of boats, the number of boat or shore 
anglers, and the start and finish times.  An interview of all anglers observed during the angler 
count is preferable.  However, if not feasible, then every nth angler is interviewed.  Data collected 
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during each interview includes: 1) angler location by river mile; 2) fishing method (boat or 
shore); 3) number of hours fished to the nearest quarter-hour; 4) number of anglers in group; 5) 
target species; 6) zip code; 7) whether the trip was completed; and 8) the number of fish kept 
and/or released by species. 
 
Length is used to differentiate between steelhead and rainbow trout. All rainbow trout 16 inches 
or greater are considered to be steelhead.  Rainbow trout less than 16 inches are recorded as 
rainbow trout.  For Chinook salmon, steelhead/rainbow trout, striped bass, and sturgeon, fish are 
measured to the nearest ½ centimeter and inspected for any marks or tags. 
 
4.2.3 Need for Additional Information 
 
Because of the information available from previously conducted studies and ongoing data 
collection and monitoring activities, particularly from the Yuba Accord M&E Program 
addressing physical habitat and the non-ESA fish community in the lower Yuba River 
downstream of the Englebright Dam, it is anticipated that little, if any, additional field-based data 
collection will be needed to describe the non-ESA listed fishes in the Yuba River downstream of 
Englebright Dam for the purpose of assessing potential Project effects and development of 
protection, mitigation and enhancement (PM&E) measures to be included in a new license for 
the Project. However, compilation of the various data into a single report would be useful. For 
the FERC relicensing process, a report summarizing monitoring and evaluation activities will be 
prepared by September 2012. 
   

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Yuba River from the Englebright Dam downstream to the confluence 
with the Feather River. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
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Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation. 
Metadata will be Federal Geographic Data Committee (FGDC) compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Study Methods 
 
This study will consist of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct fish community analysis 
using available information; and 4) prepare report.  Each of these steps is described below. 
 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding non-ESA fish populations in the Yuba River downstream of Englebright 
Dam will be obtained from previously conducted RMT studies, (M&E Program through 2011) 
and other research groups, including the dates and locations of data collection to the extent 
possible, fish species composition, species diversity, relative abundance, temporal distribution, 
habitat utilization, and spatial distribution. Additionally, if available, flow and temperature 
information will be compiled from available records corresponding to dates and locations of non-
ESA fish species collections to examine potential relationships between flow and temperature, 
other abiotic variables, and species-specific population and community metrics including species 
composition, species diversity, relative abundance, temporal distribution, habitat utilization, and 
spatial distribution. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program ongoing monitoring and evaluation 
studies (through 2011), and CDFG Angling surveys, will be compiled in an electronic Microsoft 
Access database (M&E Program Snorkel Survey, Redd Survey, Rotary Screw Trapping 
protocols and procedures, and CDFG Angling Surveys) or in a Microsoft Excel spreadsheet 
(M&E Program VAKI Riverwater Protocol and Procedure). The Yuba Accord M&E Program 
will characterize physical habitat conditions including: 1) Flow and Water Temperature 
Monitoring; 2) Topographic Mapping (Digital Elevation Model); 3) Substrate and Cover 
Mapping; 4) 2-D Hydrodynamic Modeling; 5) Mesohabitat Classification; and 6) Riparian 
Vegetation Mapping.  Physical habitat information obtained during the conduct of these 
protocols and procedures also will be compiled in an electronic database. These data will be used 
to characterize species-specific habitat utilization. 
 
5.3.3 Step 3 – Conduct Fish Community Analysis 
 
The fish community analysis for this study plan will present analysis of the fish community data 
to characterize species composition, relative abundance (i.e., percent composition by number), 
diversity, temporal and spatial distribution, and habitat type utilization conducted by the RMT 
and presented in the draft M&E Program report. 
 
5.3.4 Step 4 – Prepare Report 
 
The report for this study plan will be a synthesis of data presentation and characterization of the 
analytics included in the Yuba Accord M&E Program (www.yubaaccordrmt.com), as well as 
from the other relevant ongoing studies described above, pertaining to relevant components 
associated with the previously stated goals of this study plan.  YCWA anticipates that the RMT 
will complete a draft M&E Program report by October 2012; the RMT is charged, through the 
fisheries agreement of the Yuba Accord, with the completion of a final M&E Program report 
prior to 2016.  In the event that it becomes apparent that the RMT will not complete the draft 
report by October 2012, YCWA will undertake the completion of the relevant components of the 
draft report.   
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YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study, if any. This Study Plan report will contain relevant summary data, tables, 
and graphs, and will specifically include: 
 
 fish species composition 

 species diversity 

 relative abundance 

 temporal distribution 

 spatial distribution 

 habitat utilization 

 physical habitat characterization 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will consult with Relicensing Participants to determine if data already collected in 

combination with that anticipated to be collected in 2012 by the RMT and other sources is 
sufficient to meet the study goals and objectives described above.  If YCWA and Relicensing 
Participants agree that additional data gathering is necessary, YCWA will collaborate with 
Relicensing Participants to develop a new study proposal and will file the study proposal 
with FERC.  YCWA will perform the additional data gathering as directed by FERC. 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency  
 
Compile Data from Previous Studies (Step 1) .................................... October 2011 - January 2012 
Compile Data from Ongoing Studies (Step 2) ............................................... January - March 2012 
Develop and implement additional studies, as necessary  .............................. March - August 2012 
Analysis (Step 3) .............................................................................................. April - October 2012 
Prepare Report (Step 4) ................................................................................................ October 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with other 
generally accepted scientific study methods concerning fish community assessments, including 
those conducted by the Resource Agencies in California. 
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9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $125,000 and 
$160,000.  
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Study 3.10 

INSTREAM FLOW 
ABOVE ENGLEBRIGHT RESERVOIR 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect stream 
habitat for fish upstream of Englebright Reservoir.1 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
YCWA believes that four agencies have jurisdiction over fish in the geographic area covered in 
this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 4) 
State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 
 
                                                 
1  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to quantify fish habitat as a function of stream flow. 
 
The objectives of the study include: 1) estimate the habitat index versus flow relationships 
(Weighted Useable Area, or WUA) using the Physical Habitat Simulation system (PHABSIM) 
for fish in Project-affected reaches upstream of the United States Army Corps of Engineer’s 
(USACE) Englebright Reservoir; and 2) use WUA relationships and the hydrologic record to 
develop habitat duration or time series analyses of fish habitat over time under existing 
(regulated) and unimpaired (un-regulated) flow scenarios.   
 

4.0 Existing Information and Need for Additional 
Information 

 
Considerable information for Project-affected reaches exists that is important to conducting the 
study.  Much of this information has been obtained or developed by YCWA and is provided in 
the Pre-Application Document (PAD).  The information includes but is not limited to: 
 
 Topographic, geologic, and hydrographic maps of the Project-affected reaches (PAD, Section 

3.0, General Description of River Basin and Appendix D - Project Maps)  

 Hydrologic modeling and statistics for Project-affected reaches (PAD, Section 7.2, Water 
Resources and Appendix F - Hydrology) 

 Operations procedures for Project facilities (PAD, Section 6.0, Project Location, Facilities 
and Operations) 

 Results of stream habitat mapping conducted by YCWA in 2009 (YCWA Stream Habitat 
Mapping Report, Attachment 3.10A to this study proposal). 

 Low altitude aerial video of all Project-affected reaches and facilities (PAD, Appendix E - 
Project Helicopter Video) 

 Existing information regarding the composition and distribution of fish species that occur in 
Project-affected reaches (Preliminary Application Document, Section 7.3, Aquatic 
Resources) 
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To achieve the study goals, information that is needed includes but is not limited to: 
 
 Confirmation of current and historic composition and distribution of fish species.  This 

information will be developed as part of Licensee’s Stream Fish Populations Upstream of 
Englebright Dam Study.  

 Habitat suitability criteria for target fish species and life stages 

 Field measurement of physical parameters required for PHABSIM modeling  
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the following six reaches:  
 
 Middle Yuba River 

 Our House Diversion Dam Reach.  Approximately 7.5 miles of the Middle Yuba River 
from Our House Diversion Dam at RM 12.0 to the confluence of the Middle Yuba River 
and Oregon Creek at RM 4.5. 

 Oregon Creek Reach of the Middle Yuba River.  Approximately 4.5 miles of the Middle 
Yuba River from the confluence of the Middle Yuba River and Oregon Creek at RM 4.5 
to the confluence of the Middle Yuba River with the North Yuba River at RM 0.0. 

 Oregon Creek 

 Log Cabin Diversion Dam Reach.  Approximately 4.1 miles of Oregon Creek from RM 
4.1 to the confluence of Oregon Creek with the Middle Yuba River.  The Log Cabin 
Diversion Dam Reach includes two sub-reaches; the Log Cabin Sub-reach and the 
Celestial Valley Sub-reach.  The inset Celestial Valley sub-reach extends from RM 2.0 to 
RM 3.1. 

 North Yuba River 

 New Bullards Bar Dam Reach.  Approximately 2.3 miles of the North Yuba River from 
the  New Bullards Bar Minimum Flow Release Powerhouse at RM 2.3 to the confluence 
of the North Yuba River with the Middle Yuba River at RM 0.0. 

 Yuba River 

 Middle/North Yuba River Reach.  Approximately 5.8 miles of the Yuba River from the 
confluence of the North Yuba River with the Middle Yuba River at RM 39.7 to the New 
Colgate Powerhouse at RM 33.9. 

 New Colgate Powerhouse Reach.  Approximately 1.7 miles of the Yuba River from New 
Colgate Powerhouse at RM 33.9 to the normal maximum water surface elevation of 
USACE’s Englebright Reservoir at RM 32.2. 

 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 

5.3 Study Methods3 
 
YCWA will use the PHABSIM method to model the response of fish habitat to flow in the study 
area.4   PHABSIM is the most widely accepted and applied fish habitat model in California and 
across the United States.     
 
Physical habitat and hydraulic parameters will be measured and modeled using a combination of 
standard techniques of the United States Department of Interior, Fish and Wildlife Service 
(USFWS) methodology (Trihey and Wegner 1981; Bovee 1982, and Milhous et al. 1984); and 
the United States Geological Survey (Bovee 1997, Bovee et al. 1998, and Rantz 1982). 
 
The general steps in the study (not necessarily in the order specified below) include: 1) selection 
of target species and life stages; 2) determination of target species/lifestage periodicity; 3) 
Project-affected stream reach identification, segmentation, and consolidation; 4) study site and 
transect selection; 5) field data collection; 6) selection of Habitat Suitability Criteria (HSC); 7) 
hydraulic modeling; 8) weighted usable area verses flow plots; 9) time series analysis; and 10) 
prepare study report.  Each of these steps, including report preparation, is described below. 
 
YCWA will obtain all necessary permits prior to fieldwork. 
 
5.3.1 Step 1 - Target Species and Life Stages 
 
The species and life stages that will be included in PHABSIM modeling are based on 
management importance and/or sensitivity to Project operations.  Target species and life stages 
are shown in Table 5.3.1-1. 
 
Table 5.3.1-1.  Target species and life stages to be analyzed in the PHABSIM models. 

Species Life Stages Location 

Rainbow Trout 
Oncorhynchus mykiss 

Spawning 
Juvenile 

Adult Rearing 
All PHABSIM reaches 

Hardhead 
Mylopharodon conocephalus 

Juvenile 
Adult Rearing 

In PHABSIM reaches where Sacramento sucker is found during YCWA’s 
Stream Fish Populations Upstream of Englebright Dam Study 

Sacramento Pikeminnow 
Ptychocheilus grandis 

Juvenile/Adult 
In PHABSIM reaches where Sacramento sucker is found during YCWA’s 

Stream Fish Populations Upstream of Englebright Dam Study 

                                                 
3  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 

4  For safety reasons, YCWA may conduct the 2D method, as an alternative, in the section of the Yuba River between New 
Bullards Bar Dam and the New Colgate Powerhouse.  The reason for this option is that the 2D method does not require 
velocity measurements, which could be a safety concern at high or middle flow in this section of the river.  Any deviation from 
the PHABSIM method in any reach or sub-reach will be fully discussed and agreed upon with the Relicensing Participants. 
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Table 5.3.1-1.  (continued) 
Species Life Stages Location 

Sacramento Sucker 
Catostomus occidentalis 

Juvenile/Adult 
In PHABSIM reaches where Sacramento sucker is found during YCWA’s 

Stream Fish Populations Upstream of Englebright Dam Study 

5.3.2 Step 2 - Target Species/Lifestage Periodicity 
The period of year when the life stages of the target species life stages will be modeled in the 
study is an important component of the habitat duration model.  Table 5.3.2-1 shows the 
periodicity that will be used in the study for each target species and lifestage. 
 
Table 5.3.2-1.  Periodicity of target species/lifestages to be analyzed in the PHABSIM models. 

Species Lifestage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainbow 
Trout 

Spawning1                         

Juvenile                         

Adult                         

Hardhead 
Juvenile                         

Adult                         

Sacramento 
Pikeminnow 

Juvenile                         

Adult                         

Sacramento 
Sucker 

Juvenile                         

Adult                         
1  Rainbow trout spawning periodicity will be modified based on fry emergence studies being conducted under Study 3.8, Stream Fish 

Populations Upstream of Englebright Reservoir. 

 
 
5.3.3 Step 3 - Project-affected Stream Reach Identification, Segmentation, and 

Consolidation 
 
Project-affected stream reaches are delineated as described in Section 5.1, above.  This 
delineation is based on Project flow control points and junctions of major inflows and is 
consistent with the delineations for the other Yuba River Development Project relicensing 
studies.  The need for segmentation of these reaches into sub-reaches for the purposes of the 
PHABSIM study was evaluated by the YCWA using results from the habitat mapping study 
(Attachment 3.10A) topographic maps, low elevation aerial video, the Project hydrologic record, 
and tributary inflow calculations.  YCWA determined that for the purposes of the PHABSIM 
study, segmentation of the Project-affected reaches into sub-reaches was only necessary for the 
Log Cabin Diversion  Dam Reach.  Reasons for segmentation decisions are discussed below. 
 
The characteristic feature of a PHABSIM study reach is homogeneity of the channel structure 
and flow regime.  Generally, a ten percent or greater increase in discharge from a tributary 
inflow is enough to warrant a reach or sub-reach break (Bovee 1982).  This general rule is most 
appropriate in alluvial channels rather than bedrock dominated channels.  In the upper foothill 
and montane regions of the Projects, channel characteristics are primarily formed by bedrock 
control rather than fluvial processes.  Bedrock channels are generally insensitive to short-term 
changes in sediment supply or discharge.  Only a persistent decrease in discharge and/or an 
increase in sediment supply sufficient to convert the channel to an alluvial morphology would 
significantly alter fluvial bedrock channels (Montgomery and Buffington 1993).  For this reason, 
flow accretion was not used as a dominant factor in river segmentation for this study but was 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Instream Flow Above Englebright 
 ©2011, Yuba County Water Agency  Page 7 of 32 

evaluated as presented below in table 5.3.3-1.  As table 5.3.3-1 illustrates within the Project-
affected river reaches no single tributary is likely to increase total river flow by more than 10%. 
 
Changes in gross channel structure  were evaluated next as a basis for segmentation.  These 
included gradient, channel type, sediment supply, and other factors derived from the Initial 
Channel Classification report (YCWA 2009c) and the Habitat Mapping Study Report 
(Attachment 3.10A). 
 
Table 5.3.3-1.  Potential tributary flow contribution based on drainage area.  

River Reach Name 
Named 

Tributaries 
Percent Contribution 
(by drainage area1) 

Middle Yuba River 

Our House Diversion Dam Reach 
Grizzley Creek 5.32% 
Nevada Creek 0.68% 

Oregon Creek Reach of the Middle Yuba 
River 

Moonshine Creek 2.04% 
Clear Creek 1.48% 

Yellow Jacket Creek 0.81% 
Oregon Creek Log Cabin Diversion Dam Reach Mosquito Creek 3.82% 
North Yuba River New Bullards Bar Dam Reach None  

Yuba River 
Middle/North Yuba River Reach Sweetland Creek 0.74% 
New Colgate Powerhouse Reach Dobbins Creek 1.62% 

1/ percent of contributing drainage to total drainage area upstream   

 
 
Table 5.3.3-2 below describes the longitudinal similarities and dissimilarities in channel structure 
and fluvial process within the designated Project-affected reaches. 
 
Table 5.3.3-2.  Longitudinal similarities and dissimilarities in channel structure and fluvial 
processes. 

River 
Reach 
Name 

Longitudinal Similarities and Dissimilarities in Channel 
Structure and Fluvial Processes 

Sub-reach 
Waranted? 

Middle Yuba River 

Our House Diversion 
Dam Reach 

100% of this 7.5 mile reach is classified as Rosgen “B” type 
channel with an average gradient of 1% to 3%. 

No 

Oregon Creek Reach 
100% of this 4.5 mile reach is classified as Rosgen “B” type 
channel with an average gradient of 1% to 3% 

No 

Oregon Creek 
Log Cabin Diversion 
Dam Reach 

Approximately 68% (3.6 mi) of this 4.1 mile reach is in the 
vicinity of Celestial Valley and is classified as Rosgen B, 
confined with a gradient or 1% to 3% while the remaining 32% 
is classified as Rosgen A, confined with a gradient of 3%-8%. 

Yes – reach is 
segmented into two sub-

reaches 

North Yuba River 
New Bullards Bar Dam 
Reach 

Approximately 93% of this 2.3 mile reach is classified as 
“confined, Rosgen “B” type channel with a gradient of 1-3%.  
A short (0.2 mile section) is classified as a Rosgen “A” type 
channel with a gradient of 3% to 8%. 

No 

Yuba River 

Middle/North Yuba 
River Reach 

100% of this 5.8 mile reach is classified as “confined, Rosgen 
“B” type channel with a gradient of 1-3%.   

No 

New Colgate 
Powerhouse Reach 

100% of this 1.7 mile reach is classified as “confined, Rosgen 
“C” type channel with a gradient of <1%.   

No 

 
 
Study sites (transect or transect cluster locations) will be selected within each reach listed in  
Section 5.1 to represent the range of channel and habitat types in that reach.  
 
5.3.3.1 Mesohabitat Stratification 
 
Mesohabitat stratification is based primarily on 2009 in-river habitat mapping (channel metrics 
and meso habitat typing) results and the 2009 low-altitude aerial video survey (YCWA 2009a).  
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Low-altitude video surveys were only used to type meso habitats where they were clearly visible.  
Aerial video was not be used to estimate channel metrics. 
 
Video mapping was used to quantify the frequency of meso habitats within entire PHABSIM 
reaches where visible.  In combination, video mapping and field mapping covered 100 percent of 
the reach length.  The mapping data was used to develop a habitat unit frequency analysis for the 
instream flow studies.  This cumulative frequency sampling approach is an extremely efficient 
way to inventory meso habitats over long distances (Bovee 1997). 
 
Using the video, habitat for an entire reach was assessed at a set interval within a range of 3-5 
seconds depending on the stream width and meso-habitat length (e.g., PHABSIM reaches with 
short habitat units were counted at 3-second intervals, while reaches with long habitat units were 
counted at 5- second intervals).  The video was stopped at every interval and the habitat type that 
was directly across the channel at the middle of the computer screen was defined and 
documented.  A line drawn across the video screen determined the dominant habitat at that 
“point.”  Ground-truth data for every unit that was seen in the video and mapped on the ground 
was used to “calibrate the eye” so that features seen in the video have a ground-based reference. 
 
Mesohabitats mapped using the in-river method were typed to the most detailed level of 
mesohabitat typing outlined in Table 5.3.3-3. 
 
Table 5.3.3-3.  Habitat types used in ground and video habitat mapping for Project-affected 
reaches.1 

FAST WATER 
HABITAT TYPES 

RIFFLES, RAPIDS, SHALLOW STREAM SECTIONS WITH STEEP WATER SURFACE GRADIENT 

Turbulent Flow 
Channel units having swift current, high channel roughness (large substrate), steep gradient, and non-laminar 
flow, and characterized by surface turbulence 

Fall Steep vertical drop in water surface elevation.  Generally not modelable. 

Cascade 
Series of alternating small falls and shallow pools; substrate usually bedrock and boulders. Gradient high (>4%).  
Generally not modelable. 

Chute Narrow, confined channel with rapid, relatively unobstructed flow and bedrock substrate 

Rapid 
Deeper stream section with considerable surface agitation and swift current; large boulder and standing waves 
often present.  Generally not modelable. 

Riffles 

Shallow, lower-gradient channel units with moderate current velocity and some partially exposed substrate 
(usually cobble) 
 Low-gradient – Shallow with swift flowing, turbulent water.  Partially exposed substrate dominated by 

cobble.  Gradient moderate (<4%). 
 High-gradient – Moderately deep with swift flowing, turbulent water.  Partially exposed substrate dominated 

by boulder.  Gradient steep (>4%). Generally not modelable. 
Non-turbulent Flow Channel units having low channel roughness, moderate gradient, laminar flow, and lack of surface turbulence 

Sheet Shallow water flowing swiftly over smooth bedrock 

Run Swiftly flowing (deep) with little surface agitation (run); can appear as flooded riffles.  

Step/Run  
Runs separated by short steps.  Runs and step-runs will be combined in the video mapping as steps are often so 
short that the dominant characteristic is the “run” section. 

Glide  Wide, shallow, smooth flow; little to no surface agitation; usually cobble or smaller substrate 

Pocket Water 
Swift flowing water with large boulder or bedrock obstructions creating eddies, small backwater, or scour holes.  
Gradient low to moderate. 

 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Instream Flow Above Englebright 
 ©2011, Yuba County Water Agency  Page 9 of 32 

Table 5.3.3-3.  (continued) 
SLOW WATER 

HABITAT TYPES 
POOLS; SLOW, DEEP STREAM SECTIONS WITH NEARLY FLAT WATER SURFACE GRADIENT 

Scour Pool Formed by scouring action of current 

Trench Formed by scouring of bedrock 

Mid-channel Formed by channel constriction or downstream hydraulic control 

Convergence Formed where two stream channels meet 

Lateral 
Formed where flow is deflected by a partial channel obstruction (stream bank, rootwad, log, or boulder), 
generally in deformable substrate that creates deposition of mobile sediment on the inside of the bend 

Plunge Formed by water dropping vertically over channel obstruction 
1 Adapted from McCain et al. 1990, Armantrout 1998, Payne 1992, McMahon et al. 1996, and Hawkins et al. 1993 

 
 
The habitat types shown in Table 5.3.3-3 have been aggregated to a lower level of detail for the 
purpose of transect placement, hydraulic data collection, and transect weighting consistent with 
river stratification for PHABSIM modeling.  The aggregated meso habitat types were split into 
two categories - modelable and non-modelable and may be different for large, medium, or small 
rivers.  These are listed below: 
 
 Modelable Habitat Types 

 High Gradient Riffle (where channel hydraulics permit – identified in the field during 
transect selection) 

 Low Gradient Riffle 

 Run/Step-run 

 Glide 

 Pocket Water (where channel hydraulics permit – identified in the field) 

 Pools (Mid-channel, Trench, Lateral, Plunge) 

 
 Non-Modelable Habitat Types 

 Falls 

 Cascade 

 Chute 

 Sheet Flow 

 High Gradient Riffle (where channel hydraulics do not permit – identified in the field 
during transect selection) 

 
Modelable habitat type length and frequency based on habitat mapping results are presented in 
Tables 5.3.3-4 through 5.3.3-10. 
 
Table 5.3.3-4.  Our House Diversion Dam Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
Habitat 

Number 
Number 

Frequency 
Adjusted  

Number Frequency 
Estimated Minimum
# Target Transects 

High gradient riffles 29 10% 11% 2 

Low gradient riffles  45 16% 17% 3 

Runs/Step-Runs 67 24% 25% 4 

Glides 11 4% 0% 0 
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Table 5.3.3-4.  (continued) 
PHABSIM 

Habitat 
Number 

Number 
Frequency 

Adjusted  
Number Frequency 

Estimated Minimum
# Target Transects 

Pocket Water 4 1% 0% 0 

Pools 129 45% 48% 8 

Total 285 100% 100% 17 

 
 
Table 5.3.3-5.  Oregon Creek Reach of the Middle Yuba River PHABSIM habitat frequency (from 
video mapping). 

PHABSIM 
Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 
Estimated Minimum
# Target Transects 

High gradient riffles 73 29% 29% 5 

Low gradient riffles  22 9% 9% 2 

Runs/Step-Runs 25 10% 10% 2 

Glides 6 2% 0% 0 

Pocket Water 12 5% 5% 2 

Pools 116 46% 47% 8 

Total 254 100% 100% 18 

 
 
Table 5.3.3-6.  Log Cabin Diversion Dam Reach, Log Cabin Sub-reach (RM 0.0 - 2.0 and RM 3.1 to 
4.2) PHABSIM habitat frequency (from ground mapping)   

PHABSIM 
Habitat 

Length 
Length 

Frequency 
Adjusted 

Length Frequency 
Estimated Minimum 
# Target Transects 

High gradient riffles 647 4% 0% 0 

Low gradient riffles  2,236 16% 17% 3 

Runs/Step-Runs 1,906 13% 14% 2 

Glides 551 4% 0% 0 
Pocket Water 2,505 17% 19% 3 
Pools 6,540 45% 50% 8 

Total 14,384 100% 100% 17 

 
 
Table 5.3.3-7.  Log Cabin Diversion Dam Reach, Celestial Valley Sub-reach (RM 2.0 - 3.2) 

PHABSIM habitat frequency (from ground mapping)  
PHABSIM 

Habitat 
Length 

Length 
Frequency 

Adjusted 
Length Frequency 

Estimated Minimum 
# Target Transects 

High gradient riffles 26 0% 0% 0 

Low gradient riffles  1,934 36% 39% 7 

Runs/Step-Runs 147 3% 0% 0 

Glides 395 7% 8% 2 

Pocket Water 156 3% 0% 0 

Pools 2,677 50% 53% 9 

Total 5,335 100% 100% 18 
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Table 5.3.3-8.  New Bullards Bar Dam Reach PHABSIM habitat frequency (from video and ground 
mapping) 

PHABSIM 
Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 
Estimated Minimum 
# Target Transects 

High gradient riffles 5 8% 8% 2 

Low gradient riffles  7 11% 11% 2 

Runs/Step-Runs 4 6% 6% 2 

Glides 0 0% 0% 0 

Table 5.3.3-8.  (continued) 
PHABSIM 

Habitat 
Number 

Number 
Frequency 

Adjusted 
Number Frequency 

Estimated Minimum 
# Target Transects 

Pocket Water 19 29% 29% 5 

Pools 31 47% 47% 8 

Total 66 100% 100% 19 

 
 
Table 5.3.3-9.  Middle/North Yuba River Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 
Estimated Minimum 
# Target Transects 

High gradient riffles 18 13% 14% 2 

Low gradient riffles  7 5% 5% 2 

Runs/Step-Runs 6 4% 0% 0 

Glides 0 0% 0% 0 

Pocket Water 42 31% 32% 5 

Pools 64 47% 49% 8 

Total 137 100% 100% 18 

 
 
Table 5.3.3-10.  New Colgate Powerhouse Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
Habitat 

Number 
Number 

Frequency 
Estimated Minimum # 

Target Transects 
High gradient riffles 0 0% 0 

Low gradient riffles  4 16% 3 

Runs/Step-Runs 6 24% 4 

Glides 4 16% 3 

Pocket Water 0 0% 0 

Pools 11 44% 7 

Total 25 100% 17 

 
 
5.3.5 Step 4 - Study Site and Transect Selection 
 
YCWA will select final study sites and transects in the field in consultation with Relicensing 
Participants.  The goal in study site and transect selection is to obtain a relatively accurate 
representation of the habitat index versus flow relationship for each PHABSIM reach.  This goal 
will be achieved by distributing study sites (transects and transect clusters) in such a way that all 
modelable habitat types are represented with at least two representative habitat units.  For habitat 
types with a high diversity in a particular reach, such as pool mesohabitat type, the habitat type 
may need to be represented by three or more representative units.  The number of transects 
allocated for each habitat type will be in proportion to the frequency of that habitat type 
according to habitat mapping results (Tables 5.3.3-4 through 5.3.3-10). 
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Meso habitat unit and transect selection is made in conjunction with field review for two reasons. 
The first is that some PHABSIM reaches have greater (or lesser) importance in relation to the 
amount of habitat they provide (e.g., length of the reach or quality of the habitat) or the potential 
the project has to modify habitat; therefore, the sampling effort will be adjusted as appropriate.  
The second reason is because of the difficulty in determining a priori sampling effort (number 
and type of habitat units sampled) necessary to provide accurate habitat index versus flow 
relationships. 
 
The specific locations and lengths of the study sites and transects will be selected in the field as 
described below in consultation with the interested and available Relicensing Participants. 
 
YCWA will consult with interested and available Relicensing Participants regarding specific 
study sites and transects.  YCWA will make a good faith effort to schedule the consultation on a 
day or days convenient to YCWA and interested Relicensing Participants (ideally, scheduling 
meetings at least 30 days in advance of the meeting or site visit to allow all Relicensing 
Participants to participate), and will provide an email notice confirming the meeting at least 10 
days in advance of the meeting or site visit.  If agreement regarding study sites and transects is 
not reached, YCWA will note the disagreements in its final report, including why YCWA did not 
adopt the recommendation.  YCWA will offer a pre-field presentation and orientation meeting 
ahead of each field visit.  The pre-field meeting will include a description of the study site, meso 
habitat units, and possibly preliminary selected transects.  The basis for selection, still photos, 
aerial video (if available), and maps of these features will also be provided.   
 
Based on habitat mapping results (Habitat Mapping Report Attachment 3.10A) and road access, 
YCWA has identified potential river sections for PHABSIM sites as shown in Table 5.3.4-1.  
These river sections for potential study site location may change if access is not permitted by 
private landowners.  YCWA will contact landowners and request permission to access selected 
study sites.  If access is not permitted substitute study sites will be identified, if needed. 
 
Table 5.3.4-1.  Potential river sections for PHABSIM study sites based on road or reasonable hiking 
access.  

River Reach 
River Sections for Potential Study  

Site Locations  

Middle Yuba River Our House Dam Reach 

Our House Dam (RM 12.0) 
Emory Island (RM 7.5) 
Oregon Creek Confluence (RM 4.5) 
Oregon Creek Confluence (RM 4.5) 
Middle/North Yuba Confluence (RM 0.0) 

Oregon Creek Log Cabin Diversion Dam Reach No known access limitations 

North Yuba New Bullards Bar Dam Reach 
North/Middle Confluence (RM 39.6) 
New Bullards Bar Dam (RM 2.3) 

Yuba River 
Middle/North Yuba River Reach 

North/Middle Confluence (RM 39.6) 
New Colgate Powerhouse (RM 34.0) 

New Colgate Powerhouse Reach New Colgate Powerhouse (RM 34.0) 
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5.3.4.1 Mesohabitat Unit Sampling 
 
In general, within a study reach, meso habitat types will be sampled approximately in proportion 
to their abundance.  Adjustments to the proportional sampling may be made based on the 
importance or variability of particular meso habitat types.  While the number of transects is 
dependent on the diversity of channel and habitat types in a study reach, the target number of 
transects per PHABSIM reach or sub-reach will generally be in the range of 17-20, up to as 
many as 25.  This provides enough sampling flexibility to replicate each of the 4-5 predominant 
modelable mesohabitat types.  Mesohabitat types with a frequency of less than 5% will not be 
sampled, unless they represent a biologically significant unit type.  If warranted in reaches of low 
habitat type diversity, such as in the Celestial Valley Sub-reach, fewer transects may be selected 
with agreement by Relicensing Participants.   Meso habitat types with complex hydraulics (e.g. 
cascades, falls, chutes, and sheet flow) that cannot be modeled using standard PHABSIM and do 
not contain significant habitat for the primary target species will not be sampled with transects. 
 
5.3.5.2 Transect Selection and Placement 
 
The location of transect placement to represent the different geomorphic and hydraulic 
conditions will be selected in consultation with Relicensing Partieipants using a stratified random 
sampling approach based on the least-available sampled meso habitat type (Payne 1992).  Other 
more-available meso habitat types will be represented using transects placed in meso habitat 
units in close proximity to the least-available selector.  This approach minimizes the effect of 
selection bias, results in transect clustering that limits travel time, and assures transect 
representation in proportion to habitat availability.   
 
Actual transect selection and placement is typically accomplished with a combination of random 
selection and professional judgment through the following procedure: 
 
 All Project-affected reaches that are accessible and open to study are identified and 

designated for random transect placement. 

 Within the accessible areas, the habitat type with the lowest percentage of abundance (from 
the habitat mapping data) is used as the basis for random selection (provided that the habitat 
type is ecologically significant and modelable).  If the distribution of the initial least common 
selector is too limited to provide an adequate choice of representative habitats, the next least 
common selector will be used. 

 All habitat units of this type within the accessible distance and that are judged to be 
modelable during the habitat survey are sequentially numbered and a minimum of five units 
selected by random number. 

 In the field, the first selected unit is relocated and, if it was judged to be modelable and 
reasonably typical of that particular habitat type within the study reach, one or more transects 
is/are placed to best represent the habitat type. 
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 At least one example of each remaining habitat type is then located in the immediate vicinity 
of the random transect (upstream or downstream) until transects are placed in all significant 
types. 

 This process is repeated with the second, third, fourth or higher random selector to place 
additional clusters until the different geomorphic and hydraulic conditions are adequately 
characterized (as determined in consultation with interested and available Relicensing 
Participants) or the target total number of transects is reached. 

 
Although the outlined steps are fairly rigorous, all decisions regarding transect placement are 
subject to revision through the exercise of professional judgment, including the specific inclusion 
of desirable study areas not randomly selected and the placement of transects across appropriate 
spawning gravels.  The overall objective of the method is to assure that satisfactory 
representation of study reaches is achieved. 
 
To facilitate the field-based transect selection process, a field package including reach maps, 
proposed study site and possible transect locations, photos (aerial and on the ground), and habitat 
mapping data results will be distributed to Relicensing Participants providing the necessary 
information for decision making. 
 
Meso-habitat distribution, based on habitat mapping, in each reach or sub-reach is presented in 
Figures 5.3.4-1 through 5.3.4-5.  Green bar shading indicates the areas where potential study 
sites are located based on road or reasonable hiking access.  Access to private land has not been 
established at this time.  If accessible locations identified to date do not include the diversity of 
habitat types necessary to represent the reach the YCWA is amenable to select study sites in 
other less accessible locations provided it is necessary as determined in consultation with 
Relicensing Participants and is appropriate in terms of private land ownership and safety. 
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Figure 5.3.4-1.  Our House Diversion Dam Reach longitudinal profile and mesohabitat distribution 
(from video mapping). 
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Figure 5.3.4-2.  Log Cabin Diversion Dam Reach longitudinal profile and mesohabitat distribution 
(from ground mapping) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.4-3.  New Bullards Bar Dam Reach PHABSIM longitudinal profile and mesohabitat 
distribution (from video and ground mapping) 
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Figure 5.3.4-4.  Middle/North Yuba River Reach longitudinal profile and mesohabitat distribution 
(from video mapping). 
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Figure 5.3.4-5.  New Colgate Powerhouse Reach mesohabitat distribution from video mapping 
(because this reach is very short (~1.5 miles) and the gradient in this reach is less than 1%, there 
are insufficient map contours to provide a longitudinal profile). 
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5.3.5 Step 5 - PHABSIM Field Data Collection 
 
5.3.5.1 General Method 
 
Physical habitat and hydraulic parameters will be measured using a combination of standard 
techniques of the USFWS methodology (Trihey and Wegner 1981; Bovee 1982) and the United 
States Geological Survey (USGS) (Bovee 1997, Bovee et al. 1998, and Rantz 1982). 
 
5.3.5.2 Target Calibration Flows 
 
For PHABSIM modeling, three calibration flows (i.e., low, middle and high) are normally 
selected with the goal of achieving an even, logarithmic spacing of flows that allows for 
development of an adequate stage/discharge relationship in the PHABSIM model.5  In other 
words, the stage change between calibration flows should be sufficient to test for a linear 
relationship between the log of discharge and log of stage minus stage of zero flow (IFG-4), or 
through the use of hydraulic conveyance modeling (MANSQ).  Other general guidelines for 
selecting calibration flows include:   
 
 The low, middle, high, and high-high calibration flows should all be within the range of 

Project flow control. 

 Incremental differences between the calibration flows should be within the control 
capabilities of the flow control mechanism. 

 The low calibration flow should be low enough to model down to the current instream flow 
requirement and adequately capture low flows that are currently released or expected to be 
released by the Project. 

 The middle calibration flow should be the approximate logarithmic midpoint between the 
high and low calibration flow targets, thus providing the necessary spread to assess the 
relationship between stage and discharge. 

 
Where possible, considering safety and physical limitations, the high calibration flow should be 
high enough to model up to the entire range of flows within the unimpaired flow exceedance 
curve or the highest flow anticipated in the reach during the new license, whichever is less. 
 
 A fourth stage-discharge point (high-high) and margin velocities will be collected in all 

reaches and sub-reaches to improve the high range of extrapolation. 

 The high calibration flow should be within the physical limits of field measurement options 
using manual meters or an acoustic Doppler current profiler (ADCP). 

 
Table 5.3.5-1 shows YCWA’s preliminary target calibration flows for the study based on the 
above guidelines and the current operations of the Project.  YCWA will confirm target 
calibration flows in consultation with the Relicensing Participants.   
 

                                                 
5 An additional (fourth) stage/discharge measurement will be taken in all reaches and sub-reaches. 
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Table 5.3.5-1.  Target calibration flows by PHABSIM reach.  

Reach 

Existing Lowest 
Minimum Flow 

Requirement 

Target % Exceedance 
[Unregulated (u) or 

Regulated (r)] 

Target Calibration Flow1

Low Mid High 
High-
High 

cfs cfs cfs cfs cfs cfs 
MIDDLE YUBA RIVER 

Our House Diversion Dam Reach 30 2 (u) 75 150 300 600 
OREGON CREEK 

Log Cabin Diversion Dam Reach 8 2 (u) 20 50 100 150 
NORTH YUBA RIVER 

New Bullards Bar Dam Reach 5 5 (u) 20 175 600 1,535 
YUBA RIVER 

Middle/North Yuba River Reach 5 10 (u) 100 300 600 1,570 
New Colgate Powerhouse Reach 5 10 (r) 100 600 1,570 3,260 

1   Values are target flows. Measured flows may vary by +/- 10%.  Team safety will be evaluated at each flow. Relicensing participants will be 
notified of any significant changes in target flows. 

 
 
5.3.5.3 Surveying and Controls 
 
All elevations will be surveyed by standard differential survey techniques using an auto-level or 
total station instrument.  Headpin and tailpin elevations, water surface elevations (WSE), 
hydraulic controls, and above-water bed and bank elevations will be referenced to a temporary 
benchmark serving a single transect or transect cluster.  The surveyed portion of the streambed 
will extend up to the flood-prone elevation of both banks on all riffles and on other cross sections 
as stipulated in the Channel Morphology Above Englebright Reservoir study plan.  Where 
reasonable (line of sight or one turning point), benchmarks will be tied together.  At a minimum, 
all transects surveyed in a single mesohabitat unit will have a common datum.  Transect 
locations will be fixed, to the accuracy level possible, using a handheld GPS instrument. 
 
5.3.5.4 Water Surface Elevation-Discharge 
 
Stage/discharge measurements will be obtained at four discharges.  Water surface elevations will 
be measured at multiple points across the channel except when conditions are unsafe at high 
flow.  In these circumstances measurements will only be taken as far out from the accessible 
shoreline as is safe and physically possible.  When only a stage/discharge measurement is taken, 
discharge through the study site will be measured using manual velocity meters or a combination 
of an ADCP (described below) and manual velocity meters at an appropriate cross section(s). 
 
5.3.5.5 Velocity Calibration 
 
One velocity calibration set will be collected at the high flow at each transect; or at middle flow 
if safety or physical conditions are limiting at the high flow.  Additional velocity data will be 
collected on the stream margins (when accessible) at the fourth stage-discharge measurement 
(high-high).  If personnel safety is a concern at high flow, all or a portion of the velocity 
calibration will be measured at middle flow with WSE/discharge collected at high and low flows.  
This determination will be made in the field by YCWA. 
 
Velocities will be measured using hand-held current meters and/or ADCP,  depending on the 
depth and width of the stream.  Hand-held velocity measurements will use calibrated digital 
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Swoffer® brand, Price AA, or pygmy velocity meters mounted on standard USGS top-set wading 
rods in depths less than approximately 3.0  ft or where use of the ADCP is not practical.  At 
cross-sections and flows where predominant depths are greater than 3.0 ft, velocity distributions 
will be measured using an ADCP mounted on a small inflatable cataraft or a rigid trimaran. 
 
Both the Swoffer and Price AA meters are accurate in velocities ranging from 0.1 to 25.0 ft per 
second, while Pygmy meters are accurate from 0.1 to 4.9 ft per second.  Published technical 
specifications for the Teledyne RDI Rio Grand ADCP are: velocity accuracy: ±0.25% of the 
(water + boat) velocity ±0.25cm/s at a minimum] velocity resolution of 0.1cm/s and up to a 
maximum water velocity of ±20m/s. 
 
ADCP data collection will follow United States Geological Survey (USGS) standards for 
measuring discharge (Mueller, et al. 2009).  Exceptions may be made as certain guidelines are 
not necessarily applicable in all PHABSIM data collection situations.  In addition to these 
guidelines, simultaneous readings from a nearby upstream or downstream active stream gage (if 
it exists) will be recorded and included along with the stream gage number in the instream flow 
report(s). 
 
Post processing of ADCP data for purposes of PHABSIM modeling requires that: 1) velocities in 
each ADCP ensemble (vertical) be reported as a mean column value in the horizontal plane 
(magnitude and direction); 2) mean column velocities be interpolated or averaged to user defined 
stations across the transect; 3) mean column velocities at each station from ‘good’ passes will be 
averaged together, and; 4) discharge will be calculated using averaged data. 
 
To assure adequate characterization of microhabitat for all lifestages (e.g., adult,  juvenile, and 
spawning), during manual velocity measurements, sample sites (verticals) along the transect will 
be purposefully placed to describe points where changes in substrate, bed elevation, and velocity 
occur.  The number of verticals will be adjusted in the field to accomplish microhabitat 
stratification as dictated by site-specific conditions. The placement and number of verticals will 
be designed to limit discharge in any one cell to no more than 10 percent of total discharge.  
 
Temporary staff gages will be installed and the stage and time of day will be recorded at the 
beginning and end of each transect measurement to note potential changes in stage during the 
survey of each transect. 
 
Where project operations allow, all  calibration measurements will be collected within a 3 - to 4-
day period.  If operations do not allow, several weeks or months may elapse between flow 
measurements.  
 
5.3.5.6 Substrate 
 
Substrate will be classified according to a standard procedure, and will be evaluated visually 
during low flow conditions. Percent occurrence of all substrate sizes withing the immediate 
vicinity of each vertical (1-2 feet radius from vertical) will be recorded.  
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The substrate data will then be converted into the Bovee substrate code system (Bovee and 
Cochnauer 1978) to be compatible with the codes used for the HSC.  The Bovee substrate code is 
written as “x.y,” where “x” is the code number for the smaller of the two dominant and adjacent 
particle sizes, and “y” is the percentage (i.e., from 0.0 to 0.9) of the larger of the two dominant 
and adjacent particle sizes.  Particle size classification and coding are shown in Table 5.3.5-2.  
 
Table 5.3.6-2.  Substrate particle size classification and coding. 

Substrate Type Size (inches) Code 

Organics, vegetation -- 0 

Clay, silt (fines) <0.1 1 

Sand (coarse) 0.1-0.2 2 

Small gravel 0.2-1.0 3 

Medium gravel 1-2 4 

Large gravel 2-3 5 

Small cobble 3-6 6 

Medium cobble 6-9 7 

Large cobble 9-12 8 

Boulder >12.0 9 

Bedrock -- 10 

 
 
5.3.5.7 Miscellaneous Field Data Collection Methods  
 
Photographs will be taken of all transects from downstream and other points as necessary at each 
measured flow.  To the extent possible, each photograph will be taken from the same location at 
each of the three levels of flow. 
 
Data sheets for each study site will be completed as follows: 
 
 Photo Log – for each flow/visit 

 Site Documentation – sketch or aerial video capture showing location, type, and numbering 
of transects – completed once 

 GPS UTM Coordinates for each headpin (or mid-channel if headpin reading could not be 
obtained) and benchmark  – completed once 

 Water Surface Elevation and Level Loop – WSE completed at each calibration flow, level 
loop completed once, pin heights validated at each visit 

 Cover Description – completed once 

 Discharge – for each flow, at one two or more transects 

 Depth and Velocity – at each transect for one calibration flow (middle or high) 

 Stage of Zero Flow – collected once for each transect 

 Cross Section Profile and Substrate – completed once for each transect 

 Task Completion Checklist – in field for every visit 
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5.3.6 Step 6 - Selection of Habitat Suitability Criteria 
 
Flow/habitat models will be developed for target species/lifestages using HSC that were recently 
developed for small, medium, and large rivers in Nevada Irrigation District’s Yuba-Bear 
Hydroelectric Project (FERC Project No. 2266) and PG&E’s Drum-Spaulding Project (FERC 
Project No. 2310).  Both of the relicensings are on the Yuba and Bear rivers in California.   
 
Project stream sizes fall into the large and small classifications.  The stream size designations for 
each of the PHABSIM sites are presented in Table 5.3.6-3.  The HSC employed in these analyses 
are presented in Tables 5.3.6-4 through 5.3.6-6.   Note that substrate was only considered a 
variable for rainbow trout spawning habitat simulations; for all other species/life stages all 
substrates were considered fully suitable (i.e., suitability was set equal to 1.0). 
 
Table 5.3.6-3.  Project-affected reaches designated for application of “large,” or “small” channel 
size rainbow trout juvenile and adult rearing HSC.  

Project-affected 
Reach 

Channel 
Size1 

Approximate Elevation 
(feet) 

Average 
Bankfull 
Channel 

Width (ft) 

Regime 
Type2 

% Mean 
Slope 

Minimum Maximum Mean 

MIDDLE YUBA RIVER 

Our House Diversion Dam Reach LRG 1,500 2,000 83.5 D 1.1 
Oregon Creek Reach of the Middle 
Yuba River 

LRG 1,120 1,500 54.7 D 1.2 

OREGON CREEK 

Log Cabin Diversion Dam Reach  SML 1,500 2,180 29.4 D 2.3 

NORTH YUBA RIVER 

New Bullards Bar LRG 1,120 1,360 70 D 2.0 

YUBA RIVER 

North/Middle Yuba River Reach LRG 560 1,120 105 D 1.8 

New Colgate Powerhouse Reach LRG 525 560 127 R <1.0 
1
 Approximate criteria (average width): 

 SML <30 ft 
 LRG >50 ft 
2
 D = Diverted 

 R = Re-regulated  
 A = Augmented 
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Table 5.3.6-2.  Rainbow trout suitability for spawning, fry, juvenile, and adult lifestages. 
Lifestage Channel Size Velocity Suitability Depth Suitability Substrate Suitability 

Spawning 
Large and 

Small 

0.00 0.00 0.15 0.00 0.0 0.00 

0.60 1.00 0.60 1.00 2.3 0.00 

2.00 1.00 1.50 1.00 2.4 0.25 

4.00 0.00 3.00 0.00 2.5 0.50 

-- -- -- -- 2.6 0.75 

-- -- -- -- 2.7 1.00 

-- -- -- -- 5.3 1.00 

-- -- -- -- 5.4 0.50 

-- -- -- -- 5.5 0.00 

-- -- -- -- 10.0 0.00 

Juvenile 

Small 

0.00 0.70 0.20 0.00 N/A N/A 

0.10 1.00 1.00 1.00 -- -- 

0.35 1.00 1.60 1.00 -- -- 

0.90 0.50 2.00 0.60 -- -- 

1.50 0.10 2.75 0.30 -- -- 

2.50 0.00 3.50 0.10 -- -- 

-- -- 30.00 0.10 -- -- 

Large 

0.00 0.50 0.20 0.00 N/A N/A 

0.30 1.00 1.20 1.00 -- -- 

0.70 1.00 2.20 1.00 -- -- 

1.20 0.60 2.60 0.50 -- -- 

1.50 0.30 4.00 0.10 -- -- 

2.25 0.10 30.00 0.10 -- -- 

3.50 0.00 -- -- -- -- 

Adult 

Small 

0.00 0.50 0.20 0.00 N/A N/A 

0.20 1.00 1.20 1.00 -- -- 

0.40 1.00 2.00 1.00 -- -- 

1.20 0.30 3.50 0.30 -- -- 

1.70 0.10 30.00 0.30 -- -- 

3.00 0.00 -- -- -- -- 

Large 

0.00 0.00 0.50 0.00 N/A N/A 

0.50 0.80 2.30 1.00 -- -- 

0.70 1.00 3.10 1.00 -- -- 

1.30 1.00 3.80 0.60 -- -- 

1.80 0.50 5.00 0.30 -- -- 

2.50 0.20 30.00 0.30 -- --- 

4.00 0.00 -- -- -- -- 

 
 
Table 5.3.6-3.  Hardhead/Sacramento pikeminnow suitability for juvenile and adult lifestages. 

Lifestage 
Channel 

Size 
Velocity Suitability Depth Suitability Substrate Suitability 

Juvenile 
Large and 

Small 

0.00 1.00 0.50 0.00 N/A N/A 

0.25 1.00 0.67 1.00 -- -- 

1.75 0.25 3.67 1.00 -- -- 

2.60 0.00 8.71 0.10 -- -- 

-- -- 18.00 0.10 -- -- 

Adult 
Large and 

Small 

0.00 0.82 0.66 0.00 N/A N/A 

0.20 1.00 2.62 1.00 -- -- 

0.90 1.00 18.00 1.00 -- -- 

2.13 0.22 -- -- -- -- 

3.50 0.00 -- -- -- -- 
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Table 5.3.6-4.  Sacramento sucker suitability for juvenile and adult lifestages. 

Lifestage Channel Size Velocity  Suitability Depth Suitability Substrate Suitability 

Juvenile 
Large and 

Small 

0.00 1.00 0.64 0.00 N/A N/A 

1.20 1.00 0.65 1.00 -- -- 

1.21 0.00 2.90 1.00 -- -- 

-- -- 2.91 0.00 -- -- 

Adult 
Large and 

Small 

0.00 1.00 1.99 0.00 N/A N/A 

1.50 1.00 2.00 1.00 -- -- 

1.51 0.00 4.70 1.00 -- -- 

-- -- 4.71 0.00 -- -- 

 
 
5.3.7 Step 7 – Hydraulic Modeling 
 
5.3.7.1 Water Surface Elevations 
 
The hydraulic model will be calibrated in the HYDSIM routine of RHABSIM 3.0.  Hydraulic 
modeling procedures appropriate to the study site and level of data collection will be used for 
modeling water surface elevations and velocities across each transect.  For water surface 
elevations, these procedures will include: the development of stage/discharge rating curves using 
log-log regression (IFG4); Manning’s formula (MANSQ); and/or step backwater models (WSP, 
HecRas); direct comparison of results; and selection of the most appropriate and accurate 
method.  Log-log and MANSQ will be run for each transect, with MANSQ set as the default 
modeling method.  If individual transects do not calibrate sufficiently well using MANSQ, based 
on general guidelines of maximum Beta (0.5), and/or professional judgment, then log/log will be 
chosen.  Data file construction, calibration, and simulation will follow standard procedures and 
guidelines outlined in the PHABSIM Reference Manual Version II, Instream Flow Information 
Paper No.26 (Milhous, R.T., M.A. Updike, and D.M. Schneider 1989). 
 
YCWA will consult with interested and available Relicensing Participants regarding hydraulic 
calibration of each PHABSIM model.  YCWA will make a good faith effort to schedule the 
consultation on a day or days convenient to YCWA and interested Relicensing Participants 
(ideally, scheduling meetings at least 30 days in advance of the meeting to allow all Relicensing 
Participants to participate), and will provide an email notice confirming the meeting at least 10 
days in advance of the meeting.  If agreement regarding the hydraulic calibration is not reached, 
YCWA will note the disagreements in its final report, including why YCWA did not adopt the 
recommendation.  Calibration reports will be provided to the Relicensing Participants at least 30 
days prior to the meeting. 
 
5.3.7.2 Velocities 
 
The hydraulic model utilizes two basic methods for predicting velocities over a range of flow 
simulations.  The primary approach, termed the “one-velocity set” method, uses measured 
velocities across a given transect and estimates a Manning’s N value for each cell.  Calibration 
techniques include adjustments to the Manning’s N to obtain accurate predictions of measured 
velocities, as well as reasonable predictions of velocities at simulated flows.  An alternative 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Instream Flow Above Englebright 
 ©2011, Yuba County Water Agency  Page 25 of 32 

approach to modeling velocities, termed the “depth-calibration” method, can be used in the 
absence of measured velocities.  In general, depth calibration procedures will be used to model 
large sections of a transect if very high velocities and/or entrained air preclude data 
measurement. 
 
The purpose of the velocity calibration is to accurately simulate the measured velocities and 
water surface elevations at the observed flows while at the same time providing reasonable 
velocities and water surface elevations at the range of simulated flows.  Changes to velocities 
will be kept to a minimum and the decks revised only when specific changes improve model 
performance. 
 
5.3.7.3 Model Extrapolation 
 
Extrapolation of flows beyond the highest calibration measurement is often necessary to achieve 
as much of the range of the hydrograph as possible.  Extrapolation beyond the measured 
calibration stage/discharge pairs collected in the field will typically be 0.4 times (or 40% of the 
lowest stage/discharge pairs) and 2.5 times (or 250% of the highest stage/discharge pairs).  The 
limits of extrapolation beyond these factors will depend on model performance, channel shape, 
and modeling methods; all of which contribute to establishing reasonable extrapolation limits 
within the hydraulic model.  The number of HYDSIM model runs will be that necessary to 
accurately calculate hydraulic conditions within the range of extrapolation.  During model 
calibration, YCWA will collaborate with Relicensing Participants regarding the limit of model 
extrapolation.  
 
5.3.8 Step 8 – Weighted Usable Area Verses Flow Plots 
 
Habitat modeling will be completed in the HABSIM routine of RHABSIM 3.0.  Habitat 
modeling in PHABSIM integrates a calibrated hydraulic model for a stream reach with HSC to 
produce a measure of available physical habitat as a function of discharge (Waddle 2001).  The 
available physical habitat, or Weighted Usable Area (WUA), is defined as the sum of stream 
surface area within a reach or subreach, weighted by multiplying area by habitat suitability 
variables, most often velocity, depth, and substrate or cover, which range from 0.0 to 1.0 each, 
normalized to square units (e.g., either feet or meters) per 1,000 linear units.  WUA does not 
translate to actual area of suitable habitat, but indicates the relative suitability of the available 
habitat.  The number of HABSIM model runs will be that necessary to accurately calculate WUA 
within the range of extrapolation. 
 
Transect weighting factors are the values used in the habitat models in conjunction with the 
reach lengths to derive the longitudinal distance represented by cells at each cross-section 
(Waddle, T.J., 2001).   
 
The final step in the development of WUA will be the selection of the following computational 
parameters: 
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 Combined Suitability Factor (CSF) Method: Standard where CSF = Velocity x Depth x 
Attribute 

 “Zero Attributes” were accepted (values of 0.0) 

 Cell Position Method was “Centered”  
 
In order to calculate habitat frequency for every day of the full hydrology period of record, the 
WUA function needs to extend from highest mean daily flow in the record to the lowest (i.e., 
100% to 0% flow exceedance).  For the Project, habitat duration analyses will be extrapolated to 
zero percent exceedance in two steps.  First, flows will be modeled in PHABSIM to the 
maximum extent acceptable within model calibration parameters established during the model 
calibration review process.  Second, WUA will be extrapolated from the highest modeled flow in 
PHABSIM to zero percent exceedance and, extrapolated from the lowest modeled flow to 100 
percent exceedance using a step-wise approach in consultation with the Relicensing Participants. 
 
First, a non-linear exponential extrapolation equation will be applied to the last three points of 
each WUA data set.  The non-linear option for extrapolation follows the trend of the regression 
and never completely bottoms out, which is the most realistic trend line for WUA.  However, in 
some cases, the WUA function rises or is relatively flat over the last three points on the curve.  In 
this instance, the non-linear exponential extrapolation causes an unrealistic growth of available 
habitat with increasing discharge.  If this occurs, increasing or decreasing the number of data 
points to be used in the extrapolation will be evaluated.  If this does not produce realistic results, 
a linear function using the last two points will be applied.  If the linear function does not produce 
results as expected, a flat-line approach will be employed whereby the WUA function will be 
extended at a constant magnitude from the last data point.  The foregoing approach is general 
and is subject to modification as needed 
 
5.3.9  Step 9 – Time Series Analysis  
 
Because the WUA function is a static relationship between habitat suitability and flow 
magnitude, it does not represent flow-habitat relations over time.  In order to evaluate the effects 
of alternative flow regimes on habitat over time, a time series of instream hydrologic data can be 
integrated with WUA, thus generating a “habitat time series.”  The habitat time series and the 
habitat duration analysis are the two primary methods used for such an evaluation.  In instream 
flow determinations, these two analytical methods can be used alone or in combination.   
 
As part of the study, YCWA will develop a habitat duration analysis, referred to herein as the 
Habitat Exceedance Analysis (HEA).  The HEA will use mean daily instream hydrology, 
coupled with the WUA versus flow relationship developed in Step 8 to calculate monthly habitat 
exceedances for target species and life stages over the relicensing hydrologic period of record. 
 
The HEA will be conducted at two or more hydrologic nodes: 1) “Node Zero” and 2) the 
“hydrologic mid-point” node.6  At the hydrologic Node Zero, the HEA will use the mean daily 
flows that would occur immediately below the dam or diversion that controls flow in the 

                                                 
6  Note that a sub-reach node may represent an entire reach. 
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upstream portion of the sub-reach.7  For unimpaired flow conditions, this will be the estimated 
mean daily flows at the dam or diversion.  For existing flow conditions, this will be the sum of 
the releases at the dam, which may include minimum flow releases and discretionary releases, 
and spills.  In summary, the Node Zero HEA will be a habitat index using habitat data collected 
along the entire sub-reach, but assuming there is no accretion in the sub-reach.  
 
At each hydrologic mid-point node for each modeled sub-reach, the HEA will take into account a 
“reach-averaged” accretion in the sub-reach.  To do this, for each day in the HEA run, YCWA 
will calculate the total accretion in a given sub-reach and divided it by two (i.e., assumes half the 
accretion entered the reach upstream of a “hydrologic mid-point (i.e., node)” in the reach and 
half enters the reach downstream of the hydrologic mid point).  As an example, if the total 
accretion in a sub-reach was 22 cfs on May 12, 1986, the HEA run will be made assuming 11 cfs 
“average” accretion for the entire sub-reach (top to bottom) for the purposes of the HEA in the 
entire reach.  Therefore, in comparison to Node Zero HEA, the sub-reach mid-point node HEA 
will estimate a habitat index using habitat data collected along the entire sub-reach, but assuming 
an “average” amount of accretion occurs along the entire sub-reach. 

 
At each node and for each day in the period of record regardless of water year type, YCWA will 
calculate the available habitat, expressed as a percentage of the maximum static WUA shown on 
the static WUA curves for each target species and life stage.  This will result in a series of 
available habitat values for each day expressed as percentages of maximum WUA (i.e., one 
percentage value for each day in the period of record), from which monthly habitat exceedance 
curves will be plotted.   
 
5.3.9 Step 10 – Prepare Study Report 
 
YCWA will prepare  study reports that will include both modeling procedures and habitat 
results.  Below is a list of primary  outputs  to  be included in the report.  This list is not an 
exclusive list.   
 
 Weighted Useable Area tables and graphs (tables will include indicators of peak and 80% of 

WUA and graphs will include normalized percent of WUA)  

 Habitat exceedance figures and tables 

 Cross section profiles showing water surface elevation at the four calibration flows and 40 
percent and 250 percent of the low and high calibration flows, respectively.  Additional flows 
will be added in consultation with Relicensing Participants 

 Stage/discharge regression graphs for each transect 

 Photos of each transect organized and labeled for easy use, including flow shown in the 
picture 

                                                 
7  Node Zero only occurs in sub-reaches that have at the top of the sub-reach a dam or diversion that controls flow in that  sub-

reach.  Node Zero does not occur in sub-reaches where a dam or other flow controlling facility does not occur at the top of the 
sub-reach.  



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Instream Flow Above Englebright Revised Study Plan August 2011 
Page 28 of 32 ©2011, Yuba County Water Agency 

 Map of reach including location and number of each transect. 

 Channel-cross section and water surface elevation for selected transects 
 
YCWA will consult with Relicensing Participants regarding the output tables and graphics to be 
included in the report.  
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the YCWA will consult with the Relicensing 
Participants: 
 
 YCWA will consult with interested and available Relicensing Participants regarding specific 

study sites and transects.  YCWA will make a good faith effort to schedule the consultation 
on a day or days convenient to YCWA and interested Relicensing Participants (ideally, 
scheduling meetings at least 30 days in advance of the meeting or site visit to allow all 
Relicensing Participants to participate), and will provide an email notice confirming the 
meeting at least 10 days in advance of the meeting or site visit.  If agreement regarding study 
sites and transects is not reached, YCWA will note the disagreements in its final report, 
including why YCWA did not adopt the recommendation.  YCWA will offer a pre-field 
presentation and orientation meeting ahead of each field visit.  The pre-field meeting will 
include a description of the study site, mesohabitat units, and possibly preliminary selected 
transects.  The basis for selection, still photos, aerial video (if available), and maps of these 
features will also be provided. (Step 4.)   

 YCWA will consult with interested and available Relicensing Participants regarding 
hydraulic calibration of each PHABSIM model.  YCWA will make a good faith effort to 
schedule the consultation on a day or days convenient to YCWA and interested Relicensing 
Participants (ideally, scheduling meetings at least 30 days in advance of the meeting to allow 
all Relicensing Participants to participate), and will provide an email notice confirming the 
meeting at least 10 days in advance of the meeting.  If agreement regarding the hydraulic 
calibration is not reached, YCWA will note the disagreements in its final report, including 
why YCWA did not adopt the recommendation.  Calibration reports will be provided to the 
Relicensing Participants at least 30 days prior to the meeting. (Step 7.) 

 The Multi-flow Habitat Duration program will be demonstrated to interested Relicensing 
Participants upon request.  YCWA will consult with Relicensing Participants regarding all 
habitat duration analysis input parameters, scenario assumptions, and desired output in 
consultation with Relicensing Participants. (Step 8.) 

 YCWA will consult with Relicensing Participants regarding the output tables and graphics to 
be included in the final report (Step 9). 
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7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming the FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency:    
 
Study Site and Transect Selection ................................................................................ October 2011 
Field Work ............................................................................................................. April - July 2012 
Data Entry, QA/QC, & Analysis............................................................................. June - July 2012 
Report Preparation .................................................................................... August - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $480,000 and 
$650,000. 
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Attachment 3.10A 
To Study 3.10 Instream Flow 

Upstream of USACE’s Englebright Reservoir Study 
 

Habitat Mapping Report 
 

Summary 
 
The Yuba County Water Agency (YCWA or Licensee) mapped habitat types and channel 
features along a total distance of 25.55 miles for the combined reaches of: 1) the North Yuba 
River downstream of New Bullards Bar Dam; 2) Middle Yuba River downstream of Our House 
Diversion Dam; 4) Oregon Creek, a tributary to the Middle Yuba River, downstream of Log 
Cabin Diversion Dam; and 4) the Yuba River from the North and Middle Yuba river confluence 
to the United States Army Corps of Engineer’s (USACE) Englebright Reservoir (collectively 
referred to as the reaches).  
 
Except for Oregon Creek, accessibility by foot to most sections of the reaches is limited.  
Therefore, except for Oregon Creek, the reaches were mapped using a low-altitude aerial video 
of the reaches, with ground-based ground-truth mapping conducted at five accessible locations.  
Oregon Creek was mapped entirely by ground-based mapping because it was accessible by foot 
and was not visible using the aerial video due to overhanging vegetation. 
 
With the exception of Oregon Creek, the reaches are generally confined by bedrock and boulder 
slopes, with bedrock and boulders limiting vertical and lateral movement.  There are few alluvial 
reaches (e.g., reaches that are composed of mobile and deformable substrate).  Pocketwater and 
mid-channel pools are the dominant habitats, both in length and frequency.  Freemans Crossing 
and Emory Island on the Middle Yuba River are notable exceptions and likely represent long-
term sediment depositional sections.  Large woody debris and spawning-sized gravel are 
uncommon, bank erosion is low, channel lateral and vertical stability is high, and there are 
numerous barriers to foot access.  The lower mid-section of Oregon Creek is dominated by 
bedrock falls and steeper habitat types, but low gradient riffles and mid-channel pools within a 
more deformable substrate are common in the middle to upper section of Oregon Creek.   
 

1.0 Introduction 
 
YCWA intends to apply to the Federal Energy Regulatory Commission (FERC or Commission) 
for a new license for the Yuba River Development Project (Project) by April 30, 2014.  At the 
current time, YCWA intends to relicense the Project using FERC’s Integrated Licensing Process 
(ILP), which requires YCWA file with FERC a Pre-Application Document (PAD), which would 
include existing, relevant and reasonably available information regarding resources that could 
potentially be affected by continued operation of the Project.  YCWA will file the PAD with its 
Notice of Intent (NOI) to File an Application for a New License between five and five and one-
half years before the existing license expires on April 30, 2016. 
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The purpose of this habitat mapping effort was to develop specific, comprehensive, and detailed 
information on aquatic habitat and channel morphology characteristics of all stream reaches 
affected by the Project upstream of the normal maximum water surface elevation of USACE’s 
Englebright Reservoir.  The report includes a brief description of habitat mapping and channel 
characterization objectives, the study area, methods, and results.  Prior to this effort, there has 
been no previous coordinated approach to habitat map the reaches, though some habitat mapping 
occurred in sections of some reaches.  Therefore, there are significant gaps in existing data for 
the purposes of assessing habitat quantity, quality, and distribution in the Project-affected 
reaches.  An initial “desktop” channel characterization effort was done using gradient, 
confinement, geology and the aerial video, with no ground-truth effort.  The initial classification 
results are presented in YCWA’s Preliminary Information Package (YCWA 2009a). 
 
Habitat mapping and channel characterization was conducted prior to filing the NOI and PAD 
because development of aquatic study plans depends on a common understanding among federal, 
state and local agencies, tribes, non-governmental organizations, interested businesses, 
unaffiliated members of the public (collectively referred to as Relicensing Participants) and 
Licensee of the general physical and biological character of the streams affected by the Project. 
 
1.1 Existing Information 
 
Licensee found sources of existing information related to habitat mapping and fish passage 
barriers. 
 
Two sources of habitat mapping information were found, each of which were incorporated into 
the Licensee’s habitat mapping described in this document.  The first source was mapping in the 
Middle and North Yuba River conducted in 2003 as part of the Upper Yuba River Studies 
Program (SWS 2006).  Both ground-truth data collection and video mapping were done.  
Licensee reviewed these 2003 data during the development of the habitat mapping results 
described in this document.  However, in general, License considered the 2009 data collection 
more reliable because 7 years had passed since the 2003 data were collected and some changes 
may have occurred.  For instance, the Middle Yuba River area was ground-truthed below Oregon 
Creek within Freemans Crossing.  This section of stream is within a depositional area where 
gravel and cobble bars are common and heavy recreation and mining use occurs.  So, the 
potential for change over 7 years is high.  However, based on the comparison of the 2009 aerial 
video to the 2003 ground data, the results of the two mapping efforts are very similar.  North 
Yuba was video mapped but the quality of the video was insufficient for accurate habitat 
assessment and the 2009 video and 2009 ground-truth data were used exclusively. 
 
The second source of mapping information was in the area of Our House Diversion Dam.  
YCWA plans to consult with agencies to gain approval to pass gravel, cobble, and sediment 
through Our House Diversion Dam.  If approved, the sediment pass-through (SPT) events would 
occur during storm events anticipated to produce sufficient flows to transport material through 
Our House Diversion Dam impoundment and distribute the material downstream of the dam, 
thereby eliminating the need for dredging, decreasing potential negative environmental effects, 
and reducing operation costs.  To prepare for agency consultation regarding SPT and select 
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potential assessment sites, an evaluation of habitat conditions downstream of Our House 
Diversion Dam was done in November 2009.  These data were collected using a very similar 
protocol to the habitat mapping done in summer 2009.  Data collected during the November 
2009 SPT habitat mapping were incorporated into the overall habitat mapping effort described in 
this document. 
 
With regards to fish passage barriers in the main stems of the Yuba River and Middle Yuba 
River from USACE’s Englebright Reservoir to Our House Diversion Dam, two sources of 
information occur.  Both sources focused on barriers to upstream passage by Chinook salmon 
and steelhead, neither of which occur upstream of USACE’s Englebright Dam.  The first source 
is Vogel (2006) and titled Assessment of Adult Anadromous Salmonid Migration Barriers and 
Holding Habitats in the Upper Yuba River – Appendix C.  In general, Vogel applied the physical 
parameters of Powers and Orsborn (1985) to determine how each potential barrier may affect 
upstream steelhead and salmon passage for spawning in spring (Vogel 2006.).  In 2002, Vogel 
surveyed from a helicopter the mainstems of the Yuba River and Middle Yuba River above 
USACE’s Englebright Reservoir to identify potential natural barriers to upstream steelhead and 
salmon passage for spawning in spring.1  In August 2003 and 2005, he conducted field 
assessments of the potential barriers identified from the helicopter.  Vogel identified high and 
low flow barriers and considered break the between the two to be flows of about 100 to 200 cfs.   
 
The second source is Gast et al. (2005) and titled Middle and South Yuba Rainbow Trout 
(Oncorhynchus mykiss) Distribution and Abundance Dive Counts August 2004 – Appendix.  The 
authors conducted mainstem fish distribution surveys in 2004 on the Middle Yuba River.  All 
barriers encountered were photographed and qualitatively described, with estimated vertical 
heights and GPS positions recorded for each barrier. 
 
Based on these studies1 two potential natural barriers in the mainstem of the Middle Yuba River 
below Our House Diversion Dam were identified.  No barriers were identified within the section 
of the Yuba River between USACE’s Englebright Reservoir and the Middle Yuba River.  The 
potential barriers identified by Vogel and Gast et al. are described in Table 1.1-1.    
 
Table 1.1-1.  Potential barriers to upstream passage by salmon and steelhead in the mainstem of the 
Middle Yuba River below Our House Diversion Dam as identified by Vogel (2006) and Gast et al. 
(2005). 

Location 
(River Mile) 

Feature Comments 

0.2 Low-Flow Barrier 
Site visit, estimated 5 feet high, would only be low-flow barrier to upstream migration of 
small fish. 

0.4 Low-Flow Barrier site visit, 2 falls in series, lower falls 9 feet, upper falls 6 feet, shallow (<3 feet) plunge

 
 

                                                 
1  While Vogel and Gast, et al. focused on potential barriers to the upstream migration of larger salmon and steelhead, the 

barriers identified by Vogel and Gast, et al. would likely also impede or prevent upstream passage of resident fish, including 
hardhead and trout.   
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2.0 Methods 
 
Habitat mapping generally followed standard methods similar to those applied in other recent 
relicensings in California, including the Yuba-Bear/Drum-Spaulding Project on the Middle and 
South Yuba rivers.  Habitat was mapped using a combination of ground-based surveys and a 
low-altitude helicopter aerial video (YCWA 2009b).  The video provided a cost effective means 
of habitat mapping the largely inaccessible reaches of the reaches.  A portion of all Project-
affected reaches mapped via the aerial video were also ground-truthed with ground-based 
mapping data to assure overall accuracy of the habitat mapping results. 
 
Channel characterization of the reaches was performed as an initial effort, using available 
topographic,2 geologic,3 and ESRI/NAIP one-meter pixel color aerial imagery ortho-photos from 
2005.4  The effort approximated a Level 1 Rosgen classification (Rosgen 1996), but was not 
considered as such because there was no field checking because the initial effort used only 
remote-sensing data.  Resulting data were provided in the Section 7.1 of the Preliminary 
Information Package (YCWA 2009a). 
 
To prepare for the ground-based habitat mapping, Licensee reviewed the initial classification, 
longitudinal profile and geologic types of the reaches.  Stream longitudinal profiles were 
measured using maps available from Terrain Navigator Pro© (V. 7) software.  Distance between 
contour lines was measured and a longitudinal profile was created.  Map-based gradient, while 
an estimate, is often a good indicator of stream energy and process.  Geology was determined 
using the geologic map of the United States Geological Survey (USGS) Chico quadrangle.  
Geologic parent material is often important in sediment supply, substrate type, and channel form 
control. 
 
Field data were collected under summer/fall 2009 low-flow conditions to maximize access and 
safety during fieldwork and evaluate habitat composition during the seasonal period of greatest 
habitat heterogeneity.  The protocol was to assess habitat at the flow at which the survey 
occurred.  Otherwise, anticipating habitat based on differences in discharge is too subjective.   
 

2.1 Study Area 
 
Habitat mapping occurred in the following reaches: 
 
 Middle Yuba River – Oregon Creek and Our House Diversion Dam Reaches:  12.0 miles 

from the confluence with the North Yuba River to Our House Diversion Dam 

 Oregon Creek Reach – Log Cabin Diversion Dam Reach:  4.1 miles from the confluence 
with the Middle Yuba River to the Log Cabin Diversion Dam  

                                                 
2  Derived from Terrain Navigator Pro V.7 available from Maptech, Inc. © 
3  Geologic Map of the Chico Quadrangle.  1992.  California Department of Conservation, Division of Mines and Geology.  

Compiled by G.J. Saucedo and D.L. Wagner. 
4  http://casil.ucdavis.edu/casil/imageryBaseMapsLandCover/imagery/naip_2005/county_mosaics/ 
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 North Yuba River – New Bullards Bar Dam Reach:  2.3 miles from the confluence with the 
Middle Yuba River to the New Bullards Bar Dam 

 Yuba River – New Colgate Powerhouse and Middle/North Yuba River Reaches:  7.5 miles.  
Normal maximum water surface elevation of USACE’s Englebright Reservoir (RM 32.2) to 
Middle Yuba/North Yuba river confluence at RM 39.7  

 

2.2. Meso-Habitat and Channel Classification 
 
A three-tiered habitat mapping classification system developed by Hawkins et al. (1993) was 
used to assist in the identification of individual habitat units in the field.  Level III categories are 
generally modified/adopted from McCain et al. (1990).  Figure 2.2-1 shows the relationship 
among the three levels.  At the broadest level, Level I categorizes habitats as “fast water” and 
“slow water.”  In Level II, fast water is subdivided into two categories: turbulent and non-
turbulent; slow water is also subdivided into two categories: scour pool and dammed pool. 
 

 

Channel 
Geomorphic Unit 

Slow Water 

Non-turbulent 

Turbulent

Fast Water 

Dammed Pool

Scour Pool

Fall 
Cascade 
Chute 
Rapid 
Riffle – Low/High gradient 

Glide 
Run 
Step-run 
Pocket Water 
Sheet 

Convergence 
Mid-channel 
Lateral 
Trench 
Plunge 

Debris 
Beaver  
Landslide 

Level I                     Level II                               Level III 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Habitat Mapping Attachment 3.10A April 2011 
Page 6 of 28 ©2011, Yuba County Water Agency  

Figure 2.2-1.  Key to habitat types used in Yuba County Water Agency Project streams. 
 
Habitat mapping used methods developed by Hawkins et al. (1993), McCain et al. (1990) and 
Flosi and Reynolds (1994).  Each distinct habitat unit was numbered consecutively in an 
upstream direction, beginning at the downstream end of a designated reach.  Habitat type 
descriptions are listed in Table 2.2-1.  Channel and habitat characteristics shown in Figure 2.2-1 
and Table 2.2-1 were assessed in all ground surveys, and the aerial video was used to assess 
channel and habitat types when streams were clearly visible in the aerial video.  Dammed pools 
were infrequent to non-existent and pools that were dammed by large woody debris or other 
strong downstream control were so noted with an asterisk and a description was added in the 
comments (e.g., there was not another pool type for dammed mid-channel pools in the data 
summary). 
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Table 2.2-1.  Habitat types to be used in mapping for the Yuba County Water Agency Project 
(Adapted from McCain et al. 1990, Armantrout 1998, Payne 1992, McMahon et al. 1996, and 
Hawkins et al. 1993). 
I.  Fast Water:  Riffles, rapid, shallow stream sections with steep water surface gradient. 

 A. Turbulent: Channel units having swift current, high channel roughness (large substrate), steep gradient, and non-
laminar flow and characterized by surface turbulence. 

  1.  Fall: Steep vertical drop in water surface elevation.  Generally not modelable. 

2.  Cascade: Series of alternating small falls and shallow pools; substrate usually bedrock and boulders.  Gradient 
high (more than 4%).  Generally not modelable. 

3.  Chute:  Narrow, confined channel with rapid, relatively unobstructed flow and bedrock substrate.   

4.  Rapid: Deeper stream section with considerable surface agitation and swift current; large boulder and standing 
waves often present.  Generally not modelable. 

5.  Riffles: Shallow, lower-gradient channel units with moderate current velocity and some partially exposed 
substrate (usually cobble). 
 Low gradient — Shallow with swift flowing, turbulent water.  Partially exposed substrate dominated 

by cobble.  Gradient moderate (less than 4%). 
 High gradient — moderately deep with swift flowing, turbulent water.  Partially exposed substrate 

dominated by boulder.  Gradient steep (greater than 4%).  Generally not modelable. 

 B. Non-turbulent: Channel units having low channel roughness, moderate gradient, laminar flow, and lack of surface 
turbulence. 

  1.  Sheet:  Shallow water flowing over smooth bedrock. 

  2.  Run / Glide: Shallow (glide) to deep (run) water flowing over a variety of different substrates. 

  3.  Step Run A sequence of runs separated by short riffle steps.  Substrates are usually cobble and boulder 
dominated. 

  4.  Pocket Water: Swift flowing water with large boulder or bedrock obstructions creating eddies, small backwater, or 
scour holes.  Gradient low to moderate. 

II.  Slow Water: Pools; slow, deep stream sections with nearly flat water surface gradient. 

 A.  Scour Pool: Formed by scouring action of current. 

  1.  Trench: Formed by scouring of bedrock. 

2.  Mid-channel:  Formed by channel constriction or downstream hydraulic control. 

3.  Convergence Formed where two stream channels meet. 

4.  Lateral: Formed where flow is deflected by a partial channel obstruction (streambank, rootwad, log, or boulder). 

5.  Plunge: Formed by water dropping vertically over channel obstruction. 

 B.  Dammed Pool: Water impounded by channel blockage. 

  1.  Debris: Formed by rootwads and logs. 

2.  Beaver: Formed by beaver dam. 

3.  Landslide:  Formed by large boulders. 

4.  Backwater: Formed by obstructions along banks (Recorded as a comment or note to mapping). 

5.  Abandoned Channel: Formed along main channel, usually associated with gravel bars (Not part of the main active channel - 
Recorded as a comment or note to mapping). 

 
 
2.3 Ground-Based Habitat Mapping 
 
The extent of the ground-based habitat mapping surveys was determined based on the visibility 
of the stream from the aerial video, the length of the sub-reach within which the ground survey 
was to be done, and whether the reach was accessible.  Ground-based mapping was conducted in 
those stream segments where habitat characteristics were not adequately discernible in the aerial 
video.  Poor visibility in the video was usually due to thick overhead vegetation, steep 
topographic relief, or small channel size.  Ground-based mapping was also conducted in stream 
segments that were conducive to mapping using aerial video.  Ground-based mapping in streams 
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visible in the video was used to “calibrate the eye” by physically measuring and typing specific 
habitat units observed in the video, thereby “ground truthing.”  Meso-habitat units assessed on 
the ground were then “typed” in the remainder of the stream sub-reach using the video.  The 
physical parameters (e.g., bankfull width, pool depth, substrate) measured for each meso-habitat 
unit during ground-based mapping are expected to be similar for those same meso-habitat units 
throughout the remainder of the sub-reach. 
 
Except for Oregon Creek, the reaches were mapped using a combination of ground-based 
mapping and aerial video.  Field measurements were necessarily limited because safe foot access 
was very limited (Table 2.3-1).  There were only limited locations where the larger channels 
could be accessed, but Oregon Creek was fully accessible along the entire length. 
 
Table 2.3-1.  Access for YCWA’s Project Reaches upstream of Englebright Reservoir. 

Project Reach Access / Difficulty Description

Middle Yuba River  
(Our House Diversion 
Dam to Confluence 
with North Yuba River) 

Fair/Moderately Easy 

Five access locations:

 Access to lower section of reach from junction with North Yuba River 
down YCWA access road.  Follow Middle Yuba River upstream for 
about 0.3 mile through boulders and falls until vertical cliffs limit 
further access at higher flows. 

 Access to reach downstream of Hwy 49 via stream-adjacent road 
(Moonshine Road), but must cross or be adjacent to private property.  
Good access, low difficulty. 

 Access to reach upstream of Hwy 49/Oregon Creek through slightly 
difficult walk along Middle Yuba River Trail for a short distance.  No 
limit to upstream access within at least the first 1-2 mi upstream of 
Oregon Creek. 

 Access to reach via private road.  Unknown difficulty.  We were not 
able to gain permission to cross this private land. 

 Access to reach downstream of Our House Diversion Dam.  Moderate 
difficulty walking downstream/numerous crossings of boulder-
dominated runs or cobble-dominated pool tails.  Vertical cliffs limit 
further downstream access from this location within about 1 mile of 
dam.

Oregon Creek 
(Log Cabin Diversion 
Dam to Confluence 
with Middle Yuba 
River) 

Good/Easy/Moderately 
Difficult 

Most of the creek is accessible though blackberry vines, private property and 
some vertical walls limit access to certain locations (which can be avoided by 
going upstream or downstream).  Most difficult is between the upper end of 
Celestial Valley, which is near the middle of the reach, and Log Cabin Diversion 
Dam – private property, no stream-adjacent road like in the remainder of creek, 
must walk downstream from Log House Dam or upstream via end of old log 
yard.  Next difficult section is upstream of junction with Middle Yuba to gage site 
where creek is steepest and falls must be traversed (moderately difficult but 
nothing to stop one from walking entire stream).
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Table 2.3-1.  (continued) 
Project Reach Access / Difficulty Description

North Yuba River 
New Bullards Bar Dam 
to Middle Yuba River) 
(continued) 

Poor/Difficult/Limited 
Distances Accessible 
(continued) 

Two access locations:
 Access to lower reach at junction with Middle Yuba River only down 

YCWA access road, cross North Yuba River below junction and walk 
upstream through house-sized boulders and past deep pools.  Access 
beyond 1-mi upstream from junction long and difficult walk 

 Access to upper reach below New Bullards Bar Dam from road below 
dam.  Must have boat to cross pool at base of dam as vertical walls 
limit access.  Once across pool, stream is crossable, moderate 
difficulty for about .75 mi where vertical cliffs limit further access 
downstream. 

Yuba River 
(Confluence of Middle 
and north Yuba Rivers 
to USACE’s 
Englebright Reservoir) 

Good/Moderately Easy 
Though Limited Distance 

Access is at Colgate PH and Rices Crossing:

 Access upstream of New Colgate Powerhouse – relatively easy 
walking along stream for about 1 mile but further access limited by 
vertical cliffs. 

 Access downstream of New Colgate Powerhouse – relatively easy 
walking along stream; difficult to cross at time of survey.  If flows 
drop, crossing at riffles and pool tailouts possible. 

 Rices Crossing – did not visit this section but video suggests possible 
access though this location is coincident with backwater effects from 
USACE’s Englebright Reservoir and may not  be dominated by 
riverine processes nor passable when flows high. 

 Limited access from Middle and North Yuba river confluence.  Good 
access below junction for about 500 ft (high gradient riffle, cascades, 
and some step runs) then vertical cliffs.

 
For ground-based mapping in support of the video mapping, a minimum of 30 channel widths 
were assessed in each mapping segment, and generally at least four replicates of the major meso-
habitat types were assessed.  The aerial video was of excellent quality and provided the 
necessary coverage between ground-mapped sections for the reaches except for Oregon Creek, 
which was entirely ground-mapped. 
 
Ground habitat mapping was conducted on foot by teams of two individuals.  Habitat units were 
designated using the habitat types described in Table 2.2-1.  Habitat units were separately 
identified where the unit length was at least equal to the active channel width (McCain et al. 
1990, Flosi and Reynolds 1994), or if the unit is otherwise distinctive.  Figure 2.3-1 is a copy of 
the field form used during ground-based habitat mapping.  Teams recorded the length and width 
of each habitat type unit using a laser range finder.  Mapping was contiguous (i.e., each habitat 
unit abuts the next unit, except for split channels, which had the length measured but individual 
habitat units within each split were not mapped).  The beginning and ending of the mapped 
section, and every fifth mapped unit, and every tenth characterized habitat unit, had a Global 
Positioning System (GPS) reading recorded in UTM NAD83 datum. 
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STREAM HABITAT TYPING SURVEY DATA (YCWA - Yuba River Development Project )
Data Sheet # ____________

Stream/Reach/Subreach:____________________________________________________ Page __________ of _________

Team: _______________________________________________ Date _______________________

UTM: _______________________________________NAD 83 (Habitat unit No________) PM ___________________________________Map Gradient:__________

Habitat Unit #

Habitat Type 
1 FALL CAS CHU RAP FALL CAS CHU RAP FALL CAS CHU RAP FALL CAS CHU RAP FALL CAS CHU RAP

HGR LGR GLI RUN HGR LGR GLI RUN HGR LGR GLI RUN HGR LGR GLI RUN HGR LGR GLI RUN

STEP POW SHT COP STEP POW SHT COP STEP POW SHT COP STEP POW SHT COP STEP POW SHT COP

*note if dammed pool MCP LAP TRP PLP MCP LAP TRP PLP MCP LAP TRP PLP MCP LAP TRP PLP MCP LAP TRP PLP

Length (ft)

Est. Avg. Width (ft)

Est. Avg. Pool  Depth (ft)

Max. Pool Depth (ft)

Pooltail Embedded %

Significant Cover?2 INSIGNIF BLDR INSIGNIF BLDR INSIGNIF BLDR INSIGNIF BLDR INSIGNIF BLDR
VEG WOOD VEG WOOD VEG WOOD VEG WOOD VEG WOOD

SUBSTRATE COMPOSITION

Dominant BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB

Substrate GRV       SND SLT GRV       SND SLT GRV       SND SLT GRV      SND SLT GRV       SND SLT

Subdominant BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB

Substrate GRV       SND SLT GRV       SND SLT GRV       SND SLT GRV      SND SLT GRV       SND SLT

Dominant BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB BED       BLD COB

Bank Substrate GRV       SND SLT GRV       SND SLT GRV       SND SLT GRV      SND SLT GRV       SND SLT

Length of LB and RB 
Exposed Banks (feet)

Confinement4

Unit Flagged/ Labeled? 
(Y/N)

Tributary Inflow in cfs

Landmarks or photos

Diameter Length Diameter Length Diameter Length Diameter Length Diameter Length 

 class class   class class   class class   class class   class class  

| | | | |

| | | | |
| | | | |

No. of LWD Pieces                
within wetted width

Fish Migration Barrier 
6 

(y/n)?

Spawnable Gravel Area 

(sqft) Est.
7

(1/4" - 2.5")

Maximum Spawning Gravel 
Patch Size (sq-ft) Est.

Comments  /        
Observations:

Fish? Wildlife? Amphibs? 
Backwater or side chan. 
amphib habitat? Riparian? 
Landmarks, Photo #s, Etc.

1 FALL = Falls, CAS = Cascade, CHU = Chute, RAP = Rapid, GLI = Glide, RUN = Run, STEP = Step Run, HGR = High Gradient Riff le (>4%), LGR = Low  Gradient Riff le, POW = Pocket Water, SHT = Sheetflow ;

Pools:  COP = Convergence, MCP = mid-channel pool, LAP = Lateral, TRP = Trench, PLP = Plunge

       The minimum unit length should be 1x active channel width, unless there is something notable or unique about it.
2 Note if cover is a significant or dominant feature of the unit:
    (e.g., logs in stream, lots of boulders, >25% surface area has instream or low overhanging vegetation, etc.) Q/C initials: 
4 Channel Confinement: 1=Confined Shallow; 2=Confined Deep; 3=Moderate Confined (<2x wetted channel width); 4=Unconfined (>= 2 wetted channel widths)
5 Criteria for LWD is:any downed wood within bankfull width of channel =or> than 1/2 bankfull width. 

     Size classes: 6-12", 12-24", 24-36",or 36"+ x 3-10', 10-25', 25-50', 50-75', 75'+ (ie. 6 | 25 = 6-12", 25-50')
6 Waterfalls, high velocity chutes or cascades at approx bankful flows. NOTE VERTICAL DROP and IF CONDITIONAL or PERMANENT
7  Spawning Sized gravel submersed in an area of adequate depth and velocity within one unit

Notes regarding access 
points (road condition, 
bridge crossings, trails, 
etc.)

# #

Large Woody Debris5                    

within bankful width

# # #

 
Figure 2.3-1.  Field form used for ground-based habitat mapping. 
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Table 2.3.-1.  Description of data collected during ground-based habitat mapping. 
Stream/Reach Note on every data sheet 

Team Note initials 

T/R/S and UTM Get UTM every 5th unit (NAD 83) - note if at top or bottom or unit 

PM & Map Gradient Note parent material in assessed reach from geologic map; measure gradient from Terrain Nav Pro (office, 
before or after). 

Habitat Unit # Numbered sequentially, usually from downstream to upstream.  Note if this is not the case 

Habitat Type Circle one of the choices, or write something else in if necessary (e.g., "marsh") 

Length (ft) Measured in feet, with hip chain.  Clean up your string periodically 

Estimated Average Width 
(ft) 

Average width of entire unit, estimated by eye, periodically checking your estimates with a stadia rod or tape 

Estimated Average Pool 
Depth (ft) 

Where practical, take some measurements across the channel to help develop your estimate.  Particularly 
interested in whether most of the pool is greater than 3 ft deep or not. 

Estimated Maximum Pool 
Depth (ft) 

Measure where practical.  Estimate otherwise 

Pooltail Embedded Degree to which gravel or larger substrates are vertically embedded in sand or smaller substrates. 

Significant Cover? Is cover a dominant feature of the unit?  Or is it just a bit of veg overhang on the edges, and some boulder 
substrate? 

Dominant Substrate Dominant particle size, by area.  Silt, Sand (<2mm or 1/8"), Gravel (2-64mm or 1/8-2.5"), Cobble (64-256mm or 
2.5-10"), Boulder (>10"), Bedrock 

Subdominant Substrate Next most dominant particle size, by area 

Dominant Bank Substrate Dominant particle size, by area.  Silt, Sand (<2mm or 1/8"), Gravel (2-64mm or 1/8-2.5"), Cobble (64-256mm or 
2.5-10"), Boulder (>10"), Bedrock - for the bank. 

Bank Erosion (ft) If stream banks are exposed and actively eroding and provided sediment to the active stream channel, quantify 
the total length on both the right and left banks (cumulative distance) as you are walking along and total in this 
column. 

Confinement Channel Confinement: 1=Confined Shallow (<4'); 2=Confined Deep (>4'); 3=Moderate Confined (<2x wetted 
channel width); 4=Unconfined (≥2 wetted channel widths) 

Tributary Inflow in cfs Estimate trib inflow, and get water temperature of the trib and mainstem upstream of it.  GPS the location. 

Unit Flagged/Labeled 
(Y/N) 

Flag units frequently, near a unit boundary, indicating up and downstream unit numbers.  Label with metal tags a 
little less frequently.  Frequency depends on length of units.  Think about a year from now, how far would you 
like to hike up and downstream with a group of stakeholders, looking for positive identification of which habitat 
unit you were in?  Generally marking every 5 units is a good idea, but it really depends on how long the units 
are. 

Landmarks Note if landmarks are near unit, to help relocate it.  e.g., trib confluences, roads, bridges, trails, unique rock 
formations or bedrock outcrops, large trees of an atypical species, man-made structures or quasi permanent 
debris, campgrounds, waterfalls, old car bodies, etc.  "Big rock" or "tall tree" are not very helpful.  GPS 
whenever possible and convenient, particularly if it has been awhile since you were at a good landmark.  River 
Left or River Right is looking downstream. 

Large Woody Debris (in 
bankfull) 

Note all of it along the way, by habitat unit number.  “All pieces of wood lying within the bankfull width of the 
channel that measure 1/2 bankfull width or longer.  Wood must be both downed, and with a portion lying within 
the bankfull channel, and dead or dying to be considered LWD.  Divide into average size classes, and tally the 
total number of LWD pieces in each size class."  Size classes we will use are maximum diameters of 6-12 inches, 
12-24, 24-36, or >36 inches.  Lengths are <3 feet, 3-10, 10-25, 25-75, >75 feet.  These are total lengths, not just 
length in the channel.  Note: LWD has to measure 1/2 bankfull width or longer or longer to be counted, so which 
length classes you might use are dependent on stream width (e.g., a 30ft wide stream would only use classes 
from 10-25ft on up, because the log would have to be at least 15ft to be counted). 

Large Woody Debris (in 
wetted width) 

Separate category: the number of pieces found within the wetted width 

Fish Migration Barrier? Note significant waterfalls or high velocity chutes, or any weirs or other man-made obstacles.  Note any feature 
with a vertical drop exceeding 2.5 ft.  Be sure to GPS it. 

Spawnable Gravel Area 
(sq. ft.) 

Estimate area of spawnable gravel (1/4 inch to 2.5 inch) patches within the wetted channel.  Note any significant 
deposits along stream margins or on floodplain.  One purpose is to determine if spawnable gravel sites could be a 
possible limiting factor for trout populations. 

Comments/Observations  

Fish? Wildlife? 
Amphibians? Backwater 
or side channel amphibian 
habitat? Riparian? Etc. 

Did you see some adult or juvenile fish?  Idea of species?  Any wildlife, such as deer, otters, amphibians, etc. 
that the wildlife biologists would be interested in?  Are there wet backwater or side channel areas, especially 
with nearby or overhanging cover, that provide good habitat for amphibians, that the amphibian biologists might 
want to consider for TES species surveys?  If you find good amphibian habitat, GPS it.  Is the riparian vegetation 
notably lush, or wide, or are you in a marsh area? 

QA/QC Non-notetaker check all columns and boxes after sheet is full to make sure everything is filled out. 
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The habitat attributes defined in Table 2.3-1 were quantified and recorded for each unit mapped.  
Two levels of ground-based mapping occurred:   
 
 “Fully mapped” units which included quantified variables such as bankfull width, pool depth, 

substrate, large woody debris (LWD), substrate and bank material, etc. (Figure 2.3-1, Table 
2.3-1) 

 “Characterized” units which only noted the meso-habitat type, length, maximum pool depth, 
and some with photographs and/or comments of notable details such as the existence of 
frogs, access and mining activity. 

 
Where field access allowed, crews identified potential barriers to upstream fish movement using 
professional judgment and used handheld GPS units to record the locations.  Significant tributary 
junctions and potential fish passage barriers were noted within the habitat unit in which they 
occurred.5 
 
Photographs were taken of each fully mapped and at many characterized habitat units, generally 
from the bank looking upstream.  Occasionally, photos were taken from the banks or from the 
top of the unit looking downstream, but these differences were noted.  Photographs were labeled 
by the original habitat unit number, and placed in folders by mapped section and/or sub-reach. 
 
Photographs and summaries of the field data have been organized electronically within separate 
folders:  Middle Yuba Data, North Yuba Data, Mainstem Yuba Data, and Oregon Creek Data.  
Due to the file size of the photographs, this information is available on DVD from YCWA upon 
request. 
 
2.3.1 Aerial Video Mapping 
 
Video mapping was used to quantify the frequency of meso habitats within entire reaches where 
visible.  In combination, video mapping and ground mapping covers 100 percent of the reach 
length.  The mapping data may be used to develop a habitat unit frequency analysis for potential 
instream flow (PHABSIM) studies.  This cumulative frequency sampling approach is an 
extremely efficient way to inventory meso habitats over long distances (Bovee 1997).   
 
The video was not used to measure channel dimensions.  Habitat for an entire reach was assessed 
at a set interval of 3 seconds.  The video was stopped at every interval and the habitat type that 
was directly across the channel at the middle of the computer screen was defined and 
documented.  A line drawn across the video screen determined the dominant habitat at that 
“point.”  Ground-truth data from the habitat mapping data were used to “calibrate the eye” so 
that features seen in the video had a ground-based reference.  Some reaches used both video and 
ground-based habitat mapping data to calculate meso-habitat frequency for the entire reach.  
Charts and tables were created exhibiting habitat distribution and frequency. 

                                                 
5  Identification of potential natural upstream fish passage barriers was very general; criteria were vertical height exceeding 2.5’, 

waterfalls, or high-velocity chutes.  There may be additional barriers upstream and downstream of the mapped section, but the 
number of barriers within the mapped section is used as an indicator of the relative restrictions to upstream movement.  The 
analysis was performed for resident rainbow trout.  
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Habitat frequency in reaches that use video mapping was based on the number of units that occur 
in a reach and was calculated as a percentage of the total number of units counted.  Because 
canopy, topography, and size of stream can interfere with visibility, the sections that were not 
visible were analyzed the same as actual habitat and labeled “out of view.”  Both fully-mapped 
and characterization data were used to established habitat frequency.  Streams segments that 
were split by vegetated islands or had distinctly different habitats separated by a medial bar were 
noted as “split channel.”  The habitat on each side of the stream was not classified separately, 
with the exception of Emory Island in the Middle Yuba River.  The main channel along the left 
bank ascending was classified but it was a long and complex split channel. 
 
Habitat frequency in Oregon Creek was developed using 100 percent ground-based mapping and 
is based on the total length of each habitat type as a percentage of the entire length mapped. 
 

3.0 Results and Discussion 
 
The type and location of mapping was determined largely by accessibility.  Except for Oregon 
Creek, the reaches have very few locations where ground crews can access the channel.  Access 
was limited to the following locations:  above and below the New Colgate Powerhouse for the 
Yuba River; at the confluence of the Middle and North Yuba rivers, above and below Highway 
49, and below Our House Diversion Dam for the Middle Yuba River; and at the confluence of 
the Middle and North Yuba rivers and below New Bullards Bar Dam for the North Yuba River.  
Oregon Creek was accessible along its entire length, and the reach was completely invisible from 
the aerial video, so this reach was 100 percent ground-mapped.  Figure 3.0-1 shows a map of the 
reaches and river miles. 
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Figure 3.0-1.  Map of reaches and river miles.  
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3.1 Middle Yuba River – Oregon Creek and Our Diversion Dam 
Reaches 

 
The 12.0 mile Middle Yuba River Reach flows through a variety of parent materials, most 
notably resistant granitic rocks, and is bisected by the Big Bend-Wolf Creek fault within 1 mile 
of the junction with the North Yuba River.  The overall gradient is 1.2 percent, with one break at 
the Big Bend/Wolf Fault (2.5% below the fault, and 1.1% above).  There are numerous lower 
gradient sections, many of which are upstream of sharp bends that form “knickpoints.”  A 
knickpoint is a term used to describe a location in a river or channel where there is a sharp 
change, resulting from differential rates of erosion above and below the knickpoint.  However, in 
any of these lower gradient sections where it appears that there is floodplain and side-channel 
development, sinuosity never exceeds 1.1 (i.e., valley length and channel length through the 
valley are approximately equal).  There is a hydrologic break at Oregon Creek, separating the 
reach into Our House Diversion Dam Reach (Middle Yuba River upstream of Oregon Creek) and 
the Oregon Creek Reach (Middle Yuba River downstream of Oregon Creek). 
 
This is a confined channel, with extensive sections of bedrock forming the channel; specifically, 
RM 9-10.2, and RM 11.4-11.7 where the channel is almost exclusively bedrock.  Trench pools 
(Figure 3.1-1) are indicative of the bedrock-dominated sections, though shallow, mid-channel 
pools also form in the bedrock sections.  Cobble or boulder bars and resistant bedrock and 
boulder banks resist lateral and vertical movement of the channel.   
 
Freemans Crossing is within a valley that has an overall gradient of about 1 percent (Figure 3.1-
1).  Heavy recreation, rural housing, and mining have modified the channel and riparian zone in 
this area.  Through this low gradient section, the channel is very wide and shallow, and has 
substantial amounts of finer material (e.g., gravel in the channel and sand on the banks).  A 
multi-thread channel splits around an area known as “Emory Island” (~RM 6.5), though 
sinuosity is still fairly low at 1.1, and map-based gradient is about 1 percent.  The habitat was 
mapped within the main channel, but it is a split channel and at high flow, about 30 percent of 
the flow will divert to the right channel (ascending).  This area has a road to the Middle Yuba 
Reach, but it is privately owned and access for ground-based mapping was not granted.   
 
Ground-based habitat mapping was performed at four locations within the Middle Yuba Reach:  
at the junction with the North Yuba (RM 0); above and below the Oregon Creek (RM 4.5); and 
below Our House Diversion Dam (RM 12.2).  Table 3.1-1 summarizes the habitat frequency for 
the reach and Table 3.1-2 provides data on various habitat parameters.  The habitat frequency is 
based on the total number of “hits” on a habitat using the aerial video method, with the ground-
based data (16% of the reach) used to interpret the habitat.  Habitat is dominated by mid-channel 
pools, low gradient riffles, and runs (Table 3.1-1 and 3.1-2); additional habitat types that exceed 
5 percent include high gradient riffles, lateral pools and trench pools.  Instream cover (Table 3.1-
3) is limited to boulders.  Table 3.1-4 also summarizes the data for physical parameters measured 
in the field.  There is over 2,000 square feet (sq ft) of trout spawning-sized gravel accumulations 
within the mapped sections.  There was very limited large woody debris identified during 
ground-based assessments.  Two potential natural barriers to upstream movement of resident 
trout were mapped on the ground and Vogel (2006) also identified 2 low-flow barriers in this 
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reach.  The ground-based data collected in the Middle Yuba River Reach indicate there are 
spawning-sized gravel accumulations.  Upstream trout migration may by limited by permanent 
falls or other barriers, and that large woody debris is an uncommon element, and does not modify 
channel form or fish habitat in the active channel. 
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Figure 3.1-1.  Longitudinal profile and habitat units (based on video-mapped data) of the Middle 
Yuba River – Oregon Creek and Our House Diversion Dam Reaches (between the junction with 
North Yuba River to Our House Diversion Dam). 
 
 
Table 3.1-1.  Meso-habitat frequency data based on aerial video analysis for the Middle Yuba River 
– Oregon Creek and Our House Diversion Dam Reaches (between the junction with North Yuba 
River to Our House Diversion Dam). 

Meso-Habitat Type Number Percent Frequency 

Falls 0 0% 

Cascades 17 3% 

Chutes 0 0% 

Rapids 18 3% 

High Gradient Riffles 34 6% 

Low Gradient Riffles 67 12% 

Glides 17 3% 

Runs 71 13% 

Step-Runs/Step-Pools 23 4% 
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Table 3.1-1.  (continued) 
Meso-Habitat Type Number Percent Frequency 

Pocket Water 15 3% 

Sheetflow 2 0% 

Convergence Pool 0 0% 

Mid-Channel Pool 135 25% 

Lateral Pool 44 8% 

Trench Pool 25 5% 

Plunge Pool 3 1% 

Out of View 28 5% 

Split Channel 48 9% 

Total 547 100% 

 
 
Table 3.1-2.  Length, frequency, width and depth of ground-mapped habitat units in the Middle 
Yuba River – Oregon Creek and Our House Diversion Dam Reaches (between the junction with 
North Yuba River to Our House Diversion Dam).  The shaded cells are characteristics of pools that 
do not apply to non-pool habitat types. 

Unit Type 
Total 

Length (ft) 
Length Rel 
Frequency 

Number 
Number of 

Units 
(frequency) 

Average 
width (ft)

Average 
pool depth 

(ft) 

Average 
maximum 
pool depth 

(ft) 

Average 
pooltail 

embeddedness 
(%) 

Fall                 

Cascade 421 2.7% 7 6.4% 63.4       

Chute 47 0.3% 1 0.9% 22.3       

Rapid 70 0.5% 1 0.9% 26.5       

High Gradient Riffle 1014 6.5% 9 8.2% 53.1       

Low Gradient Riffle 1997.5 12.9% 17 15.5% 62.0       

Glide 531 3.4% 2 1.8% 53.8       

Run 2269 14.6% 23 20.9% 52.9       

Step Run 1225 7.9% 8 7.3% 69.2       

Pocket Water 654 4.2% 5 4.5% 55.5       

Sheet                 

Convergence Pool                 

Mid-Channel Pool 6182.5 39.8% 30 27.3% 56.8 3.7 6.9 7.9 

Lateral Scour Pool 469 3.0% 2 1.8% 101.9 1.8 3.5 25.0 

Trench Pool 216 1.4% 1 0.9% 75.3 4.0 8.0   

Plunge Pool 446 2.9% 4 3.6% 53.3 5.8 7.0 5.0 

TOTAL 15542 100.0% 110 100.0% 58.9 3.8 6.3 12.6 

 
 
Table 3.1-3.  Instream cover identified during ground-mapping in the Middle Yuba River – Oregon 
Creek and Our House Diversion Dam Reaches (between the confluence with North Yuba River to 
Our House Diversion Dam). 

Dominant Cover Type Number Relative Frequency 

Insignificant 6 7% 

Boulder 77 93% 

Vegetation 0 -- 

Wood 0 -- 

Total 55 100% 
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Table 3.1-4.  Reach summary of ground mapped data for the Middle Yuba River – Oregon Creek 
and Our House Diversion Dam Reaches (between the junction with North Yuba River to Our 
House Diversion Dam). 
Total Reach Length: 12.2 mi. 

Total Ground Mapped Length: 2.94 mi. (16.0%) 

Average Bankfull Width: 58.9 ft. 

Average Bankfull Depth: 2.5 ft. 

Average Width:Depth: 24 

Total Spawnable Gravel: 2,311 ft2 - trout 

Average Largest Patch Size: 44 ft2 - trout 

LWD Density: 5/ mile (within bankfull width) 

Wetted LWD Density: 4/ mile (within wetted width) 

Parent Material: Volcanic, granite/granodiorite, metasedimentary 

Bank Erosion % of Reach: 0.0% 

Total No. Passage Barriers: 2 

 
 
3.2 Oregon Creek – Log Cabin Diversion Dam Reach 
 
There are three gradient breaks within the 4.2 mile Oregon Creek Reach, between which fluvial 
processes vary (Figure 3.2-1).  Oregon Creek flows mostly through resistant plutonic granitic 
material, though there is a short, steep section near the upstream end that is composed of 
competent metasedimentary material.  There is a short 4.6 percent gradient section just above the 
confluence with the Middle Yuba River, and a 3.7 percent gradient section upstream of Celestial 
Valley.  Celestial Valley appears to be a long-term depositional area and has an overall gradient 
of 1.6 percent.  It is highly modified by human settlement, and channel location has been 
modified by roads, grazing, berms, and sub-urban development.  It is also heavily vegetated with 
blackberry vines. 
 
Initial classification of this stream characterized two types:  the steeper 3-8 percent confined 
channel type near the downstream end and below Log Cabin Dam, and the lower gradient, 1-3 
percent confined section through Celestial Valley.  There is also a short 1-3 percent gradient 
confined section between the confluence with the Middle Yuba River and the steeper 3-8 percent 
gradient section.  Following habitat mapping, these characterizations are revealed as good 
approximations.  The stream is confined throughout between either terraces or steep valley walls.  
The steeper sections are dominated by cascades, falls, and plunge pools, whereas the Celestial 
Valley section is dominated by long planar runs and low gradient riffles, with little three- 
dimensional heterogeneity.  Table 3.2-1 shows the occurrence of all the habitat types as a 
percentage of the total length.  Habitat is dominated by low gradient riffles, pocketwater, and 
mid-channel pools (Table 3.2-1).  Instream cover is dominated by boulders (Table 3.2-2).  There 
is little trout spawning-size accumulations of gravel, and only sparse quantities of large woody 
debris (Table 3.2-3).  Table 3.2-4 summarizes the number of large woody debris pieces within 
each size and diameter class of the nine pieces that were found in the reach within the bankfull 
channel.  Seven of these nine pieces were located within the wetted channel. 
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Figure 3.2-1.  Longitudinal profile and habitat types (based on ground-mapped data) of Oregon 
Creek - Log Cabin Diversion Dam Reach. 
 
 
Table 3.2-1.  Total length of habitat types identified in the Oregon Creek – Log Cabin Diversion 
Dam Reach, and as a percentage of total reach length. 

Meso-Habitat Type Total Length (ft) Percent of Total Reach Length 

Falls 133 1% 

Cascades 867 4% 

Chutes 158 1% 

Rapids 0 0% 

High Gradient Riffles 673 3% 

Low Gradient Riffles 4,170 19% 

Glides 946 4% 

Runs 1,245 6% 

Step-Runs 808 4% 

Pocket Water 2,661 12% 

Sheetflow 92 0% 

Convergence Pool 25 0% 

Mid-Channel Pool 8,507 38% 

Lateral Pool 207 1% 

Trench Pool 0 0% 

Plunge Pool 503 2% 
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Table 3.2-1.  (continued) 
Meso-Habitat Type Total Length (ft) Percent of Total Reach Length 

Out-of-View 0 0% 

Split Channel 1,342 6% 

Total 22,336 100% 

 
 
Table 3.2-2.  Instream cover identified during ground-mapping in Oregon Creek – Log Cabin 
Diversion Dam Reach. 

Dominant Cover Type Number Relative Frequency 

Insignificant 16 14% 

Boulder 93 82% 

Vegetation 5 4% 

Wood 0 -- 

Total 114 100% 

 
 
Table 3.2-3.  Summary of ground mapped data for Oregon Creek – Log Cabin Diversion Dam 
Reach. 
Total Reach Length: 4.2 mi. 

Total Ground-Mapped Length: 4 mi. (95.0%) 

Average Bankfull Width: 29.4 ft. 

Average Bankfull Depth: 1.7 ft. 

Average Width:Depth: 17 

Total Spawnable Gravel: 255 ft2 - trout 

Avg Largest Patch Size: 12 ft2 - trout 

LWD Density: 2 / mile (within bankfull width) 

Wetted LWD Density: 2 / mile (within wetted width) 

Parent Material: Granite pluton, metasedimentary 

Bank Erosion % of Reach: 0.0% 

Total No. Passage Barriers: 8 

 
 
Table 3.2-4.  Summary of large woody debris data for Oregon Creek – Log Cabin Diversion Dam 
Reach. 

Number 
Diameter Class 

(inches) 
Length Class 

(feet) 

1 6-12 3-10 

3 6-12 10-25 

3 12-24 10-25 

1 6-12 25-50 

1 12-24 25.50 

 
 
3.3 North Yuba River – New Bullards Bar Dam Reach 
 
While the channel of the North Yuba River - New Bullards Bar Dam Reach is dominated by 
gradients below 3 percent (average gradient of 2%), there is one short section where the gradient 
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is greater than 3 percent and one short section that is above 5 percent (Figure 3.3-1).  Just above 
the 5 percent section, the gradient flattens to less than 1 percent.  The geology is composed of 
Mesozoic volcanic rocks of the Smartville Complex.  Most of the reach is composed of bedrock 
and car and house-sized boulders that separate large mid-channel pools.  There are very short and 
infrequent areas of cobble-size deposits, but most of the substrate is large and immobile.  There 
is no apparent floodplain or terrace development. 
 
This 2.3-mile reach is largely inaccessible.  Two areas were ground-mapped:  North Yuba 
upstream of the Middle Yuba River junction and just dowstream of New Bullards Bar Dam; the 
remainder was mapped using the aerial video.  This is a very rugged stream with large boulders 
that often cover the channel, and large, deep pools bounded by bedrock.  The middle steeper 
section cannot be safely accessed by foot from upstream due to a deep bedrock gorge with 
vertical cliff walls blocking the way.  The lower section is a rugged path through very large 
boulders that cover pocket water and separate deep pools. 
 
Pocketwater and mid-channel pool habitat types dominate (Table 3.3-1).  Both video mapping 
and ground-based mapping were combined for the habitat mapping results.  The video of the 
upper section near New Bullards Bar Dam missed most of the habitat that was ground-mapped, 
so the ground-mapped data (49% of the reach) was used in lieu of the video.  Table 3.3-2 shows 
the characteristics for various habitat parameters measured during ground-based mapping.  
Habitat is dominated by pocketwater and mid-channel pools (Table 3.3-1 and 3.3-2).  Identified 
cover is exclusively boulders (Table 3.3-3), but the depth of pools can also provide cover to 
resident trout (Table 3.3-2).  Trout spawning-sized gravel accumulations were rare (511 sq ft ), 
as was large woody debris (one log in the diameter class 12-24 inches, length class 25-50 ft, 
within the wetted channel), and potential natural barriers to resident trout upstream movement 
likely are very common in the confined, steep channel.  Bank erosion was rare, given the 
bedrock/boulder channel margins (Table 3.3-4). 
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Figure 3.3-1.  Longitudinal profile and habitat types (based on video and ground-mapped data) of 
the North Yuba River – New Bullards Bar Dam Reach (between the Middle Yuba River and New 
Bullards Bar Dam). 
 
 
Table 3.3-1.  Meso-habitat frequency using ground and aerial video data for the North Yuba River 
– New Bullards Bar Dam Reach (between the Middle Yuba River and New Bullards Bar Dam). 

Meso-Habitat Type Number Percent Frequency 

Falls 3 4% 

Cascades 1 1% 

Chutes 0 0% 

Rapids 2 3% 

High Gradient Riffles 5 7% 

Low Gradient Riffles 7 10% 

Glides 0 0% 

Runs 1 1% 

Step-Runs/Step-Pools 3 4% 

Pocket Water 19 26% 

Sheetflow 0 0% 

Convergence Pool 0 0% 

Mid-Channel Pool 30 42% 

Lateral Pool 0 0% 

Trench Pool 1 1% 

Plunge Pool 0 0% 
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Table 3.3-1.  (continued) 
Meso-Habitat Type Number Percent Frequency 

Out of View 0 0% 

Split Channel 0 0% 

Total 72 100% 

 
 
Table 3.3-2.  Length, frequency, width and depth of ground-mapped habitat units for the North 
Yuba River – New Bullard Bar Reach (between the junction with the Middle Yuba River and New 
Bullards Bar Dam).  The shaded cells are characteristics of pools that do not apply to non-pool 
habitat types. 

Unit Type 
Total 

Length (ft) 
Length 

(frequency) 
Number 

Number of Units 
(frequency) 

Average 
width 

(ft) 

Average pool 
depth (ft) 

Average 
maximum 

pool depth (ft) 

Average 
pooltail 

embeddedness 
(%) 

Fall 63 1.1% 3 8.8% 66.0   

Cascade 22 0.4% 1 2.9% 55.0   

Chute -- -- -- -- --   

Rapid 778 13.1% 2 5.9% 81.5   

High Gradient 
Riffle 

455 7.7% 3 8.8% 66.2 
 

  

Low Gradient 
Riffle 

399 6.7% 3 8.8% 59.8 
 

  

Glide --- --- --- --- ---   

Run --- --- --- --- ---   

Step Run 639 10.8% 3 8.8% 76.1   

Pocket Water 687 11.6% 5 14.7% 49.3   

Sheet -- -- -- -- --   

Convergence 
Pool 

-- -- -- -- -- -- -- -- 

Mid-Channel 
Pool 

2894 48.7% 14 41.2% 72.7 3.8 7.3 -- 

Lateral Scour 
Pool 

-- -- -- -- -- -- -- -- 

Trench Pool -- -- -- -- -- -- -- -- 

Plunge Pool -- -- -- -- -- -- -- -- 

Total 5937 100.0% 34 100.0% 70.0 3.8 7.3 -- 

 
 
Table 3.3-3.  Instream cover identified during ground-mapping in the North Yuba River – New 
Bullard Bar Reach (between the junction with the Middle Yuba River and New Bullards Bar Dam). 

Dominant Cover Type Number Relative Frequency 

Insignificant 0  -- 

Boulder 34 100% 

Vegetation 0  -- 

Wood 0  -- 

Total 34 100% 
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Table 3.3-4.  Summary of ground mapped data for the North Yuba River – New Bullard Bar Reach 
(between the junction with the Middle Yuba River and New Bullards Bar Dam). 
Total Reach Length: 2.3 mi. 

Total Ground Mapped Length: 1.12 mi. (49.0%) 

Average Bankfull Width: 70 ft. 

Average Bankfull Depth: 3.5 ft. 

Average Width:Depth: 20 

Total Spawnable Gravel: 511 ft2 - trout 

Avg Largest Patch Size: 31 ft2 - trout 

LWD Density: 1 / mile (bankfull)  

Wetted LWD Density: 1 / mile (wetted width)  

Parent Material: Mesozoic rocks of the Smartville Complex 

Bank Erosion % of Reach: 0.0% 

Total No. Passage Barriers: 4 

 
 
3.4 Mainstem Yuba River - Middle/North Yuba River Reach 
 
The 7.1 mile channel of the Yuba River – Middle/North Yuba River and New Colgate 
Powerhouse Reaches - is dominantly bedrock-controlled, with only very short boulder/cobble 
sections.  The channel is laterally and vertically stable due to dominant bedrock control.  
Sinuosity is very low as there are no plan and profile sections strongly influenced by alluvial 
deposition.  Pools are large and deep, and separated by long sections of pocketwater that runs 
through and under very large boulders.  Finer sediment (cobble and finer) accumulations are not 
common. 
 
This confined bedrock-dominated reach is very inaccessible.  Though not very steep, according 
to the mapped gradient of 1.8 percent, high gradient riffles dominate the gradient “steps.”  The 
river flows through bedrock canyons, and the vertical walls inhibit ground access.  The only 
location that was ground-mapped was the area just above and below New Colgate Powerhouse 
(25% of the reach).  Habitat is dominated by mid-channel pools and pocket water formed 
between large boulders (Table 3.4-1 and 3.4-2).  Boulders are the only instream cover identified 
(Table 3.4-3); though deep pools likely also provide cover.  Large woody debris was not found 
and trout spawning-sized gravel accumulations were uncommon (Table 3.4-4).  While there were 
no natural barriers to upstream resident trout movement noted during ground-based habitat 
mapping, in this steep, confined, bedrock-controlled reach, barriers are likely to occur.  
However, Vogel (2006) did not identify any barriers in this reach during aerial review of 
barriers. 
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Figure 3.4-1.  Longitudinal profile and habitat types (based on video-mapped data) of the Mainstem 
Yuba River – New Colgate Powerhouse and Middle/North Yuba River Reaches (between the New 
Colgate Powerhouse and the Middle/North Yuba junction). 
 
 
Table 3.4-1.  Meso-habitat frequency using ground and aerial video data for the Mainstem Yuba 
River – New Colgate Powerhouse and Middle/North Yuba River Reaches (between the New Colgate 
Powerhouse and the Middle/North Yuba junction) between RM 33.55 (approximate upstream end 
of backwater effect from Englebright Reservoir) and Middle Yuba/North Yuba junction (RM 39.6). 

Meso-Habitat Type Number Frequency 

Falls 0 0% 

Cascades 6 3% 

Chutes 0 0% 

Rapids 9 5% 

High Gradient Riffles 18 9% 

Low Gradient Riffles 11 6% 

Glides 4 2% 

Runs 10 5% 

Step-Runs/Step-Pools 2 1% 

Pocket Water 42 21% 

Sheetflow 0 0% 

Convergence Pool 1 1% 

Mid-Channel Pool 61 31% 
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Table 3.4-1.  (continued) 
Meso-Habitat Type Number Frequency 

Lateral Pool 6 3% 

Trench Pool 7 4% 

Plunge Pool 0 0% 

Out of View 13 7% 

Split Channel 6 3% 

Total 196 100% 

 
 
Table 3.4-2.  Length, frequency, width and depth of ground-mapped habitat units for the Mainstem 
Yuba River – New Colgate Powerhouse and Middle/North Yuba River Reaches (between the New 
Colgate Powerhouse and the Middle/North Yuba junction).  The shaded cells are characteristics of 
pools that do not apply to non-pool habitat types. 

Unit 
Type 

Total 
Length 

(ft) 

Length 
(frequency) 

Number 
Number of 

Units 
(frequency) 

Average 
width (ft)

Average pool 
depth (ft) 

Average 
maximum 
pool depth 

(ft) 

Average 
pooltail 

embeddedness 
(%) 

Fall -- -- -- -- -- 

Cascade -- -- -- -- -- 

Chute -- -- -- -- -- 

Rapid 989 10.1% 4 12.1% 117.5 

High Gradient Riffle 791 8.1% 5 15.2% 73.3 

Low Gradient Riffle 845 8.6% 6 18.2% 92.4 

Glide 235 2.4% 1 3.0% 176.5 

Run 1148 11.7% 5 15.2% 121.3 

Step Run -- -- -- -- -- 

Pocket Water 812 8.3% 3 9.1% 89.5 

Sheet -- -- -- -- -- 

Convergence Pool -- -- -- -- -- -- -- -- 

Mid-Channel Pool 4978 50.8% 9 27.3% 104.7 6.6 11.1 Too deep 

Lateral Scour Pool -- -- -- -- -- -- -- -- 

Trench Pool -- -- -- -- -- -- -- -- 

Plunge Pool -- -- -- -- -- -- -- -- 

Total 9798 100.0% 33 100.0% 104.8 6.6 11.1 Likely not 

 
 
Table 3.4-3.  Instream cover identified during ground-mapping in the Mainstem Yuba River – New 
Colgate Powerhouse and Middle/North Yuba River Reaches (between the New Colgate Powerhouse 
and the Middle/North Yuba junction). 

Dominant Cover Type Number Relative Frequency 

Insignificant 2 6% 

Boulder 31 94% 

Vegetation 0 --- 

Wood 0 --- 

Total 33 100% 
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Table 3.4-4.  Summary of ground mapped data for the Mainstem Yuba River – New Colgate 
Powerhouse and Middle/North Yuba River Reaches (between the New Colgate Powerhouse and the 
Middle/North Yuba junction). 
Total Reach Length: 7.5 mi. 

Total Ground-Mapped Length: 1.86 mi. (24.7%) 

Average Bankfull Width: 104.8 ft. 

Average Bankfull Depth: 6.5 ft. 

Average Width:Depth: 16 

Total Spawnable Gravel: 1,405 ft2 - trout 

Average Largest Patch Size: 93 ft2 - trout 

LWD Density: 0 / mile (bankfull)  

Wetted LWD Density: 0 / mile (wetted width) 

Parent Material: Volcanic (Smartville Complex), gabbro (Pleasant Valley Pluton), quartz diorite 

Bank Erosion % of Reach: 0.0% 

Total No. Passage Barriers: 0 

 
 

4.0 Attachments 
 
There is one attachment of the habitat mapping data that includes photographs, raw data, and 
charts and graphs summarizing the raw data (“… Habitat Mapping Data”).  Data are organized as 
follows: 
 
YCWA HM Data – [1 Adobe PDF file:  29 MB; 151 pages formatted to 8-1/2" x 11" 

 Mainstem Yuba HM Data 
o Mainstem Yuba below Colgate HM Photos 
o Mainstem Yuba HM Raw Data  
o Mainstem Yuba – Habitat Mapping Data 

 Middle Yuba HM Data 
o 1 MY above North Yuba Junction HM Photos 
o 2 MY below HWY 49 HM Photos 
o 3 MY above Oregon Ck HM Photos 
o 4 MY below Our House Dam HM Photos 
o MY HM Raw Data 
o Middle Yuba - Habitat Mapping Data 

 North Yuba HM Data 
o 1 N Yuba above M Yuba Junction HM Photos 
o 2 N Yuba below New Bullards Bar HM Photos 
o North Yuba HM Raw Data 
o North Yuba – Habitat Mapping Data 

 Oregon Creek HM Data 
o Oregon Creek HM Photos 
o Oregon Ck HM Raw Data 
o Oregon Creek Habitat Mapping Data 
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Habitat Mapping Unit 1 – Run Habitat Mapping Unit 2 – Glide 

 

  
Habitat Mapping Unit 3 –Mid-Channel Pool Habitat Mapping Unit 4 – Run 

 

 
 

Habitat Mapping Unit 5and 6 – Low Gradient Riffle Habitat Mapping Unit 7 – Rapid 
 

  
Habitat Mapping Unit 8 – Rapid Habitat Mapping Unit 9 – Run 
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Habitat Mapping Unit 1 – Rapid Habitat Mapping Unit 11 – Mid-Channel Pool 

 

 

 

Habitat Mapping Units 12 and 13 – Rapid and Run  
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Yuba Mainstem above and below Colgate Powerhouse – Ground-based Habitat Mapping Data 

Stream: Yuba River Date: Oct-09

Reach: Yuba Mainstem above and below Colgate PH 1.8%

Date

Section 

Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting

Post-Field 

Changes Comments

10/5/2009 Yuba < Colgate 1 RUN 352 352 32.90 180 no clear BFD 5 INSIGNIF COB BLD COB 1 y at top DTA2 2198 LDS n 655061 4353986

too deep to be glide, especially RBA, uniform cobble substrate only 

occasional boulders

10/5/2009 Yuba < Colgate 2 GLI 235 587 33.01 176.5 INSIGNIF COB BLD COB 1 n DTA2 2199 n

10/5/2009 Yuba < Colgate 3 MCP 1080 1667 33.22 120.75 13 18 BLDR BLD COB BLD 2 n

 DTA2 2200, 2201 

LDS n

weak control at base, pool tail into glide.  Looks to be 20 ft deep but 

can't gauge well.  Unable to see tail for embeddedness

10/5/2009 Yuba < Colgate 4 RUN 110 1777 33.24 120 BLDR BLD COB BLD 1 n  DTA2 2203 n

10/5/2009 Yuba < Colgate 5 LGR 163 1940 33.27 127.5 5.5 BLDR BLD COB BLD 1 y at top DTA2 2204 n 655314 4354371 1% gradient

10/5/2009 Yuba < Colgate 6 RUN 436 2376 33.35 116.5 5.5 BLDR BLD BED BLD 1 y at base DTA2 2204 n 24 24 655314 4354371

spawning gravel maybe too deep because it was estimated.  Unit glide 

like in some areas, but deep, fast, variable substrate not sheet pool 

min.

10/5/2009 Yuba < Colgate 7 RAP 171 2547 33.38 115.5 6 BLDR BLD BED BLD 1 n DTA2 2205 LDS n

10/5/2009 Yuba < Colgate SPLIT 140 2687 33.41 DTA2 2206 RBA - run, LBA - rapid

10/5/2009 Yuba < Colgate 8 RAP 430 3117 33.49 117.33 7 BLDR BLD COB BLD 1 n DTA2 2207, 2208 n 3 3 run-like in middle, but still standing waves

10/5/2009 Yuba < Colgate 9 RUN 3117 33.49 83.5 9 BLDR BLD COB BLD n DTA2 2209 n

10/5/2009 Yuba < Colgate 10 RAP 313 3430 33.55 74.67 6 BLDR BLD COB BLD 1 y at top DTA2 2210 n 5 2 655503 4354838 run-like in middle but still standing waves

10/5/2009 Yuba < Colgate SPLIT 101 3531 33.57 90 y at base DTA2 2211 n at corner length and width measurements oblique

10/5/2009 Yuba < Colgate 11 MCP 600 4131 33.68 140 BLDR BLD SND BLD 2 n

DTA2 2212, 2213 

LDS from road non-modelable due to corner!

10/5/2009 Yuba < Colgate 12 RUN 250 4381 33.73 106.67 BLDR BLD SND BLD 1 n

DTA2 2214 LUS 

from road bottom 

RUN/RAP n

10/5/2009 Yuba < Colgate 13 RAP 75 4456 33.90 162.5 BLDR BLD SND BLD 1 n

DTA2 2214 LUS 

from road bottom 

RUN/RAP n

Power house at pool next unit above rapid.

Several willow sp., Robinia, Alder, big leaf mapple, Brickellia, through 

boulder banks.  Upland community change aburpt at change into steep 

40-60% sloeps; sandy deposition at boulder base, wetted edge.  

Riparian community fairly well-establaihsed, especially where the 

largest boulders are absent.

10/16/2009 Yuba > Colgate 1 MCP 532 4988 34.00 98 6 10 too deep BLDR BLD COB BLD 3 y at top not charged n 655938 4355021 POOL @ base of PH

10/16/2009 Yuba > Colgate 2 LGR 452 5440 34.09 116.25 BLDR BLD COB BLD 3 y at base n 13 4 2.5% gradient

10/16/2009 Yuba > Colgate 3 MCP 391 5831 34.16 140.33 3 10 70 BLDR BLD COB SND 3 n n 3 1

MCP with POW characteristics at pool tailout.  2x6 & 1x4 patches of 

spawning gravel out of water RBA

10/16/2009 Yuba > Colgate 4 HGR 318 6149 34.22 135 BLDR BLD COB SND 1 n n 8 2 4% gradient (water temp monitor LBA)

10/16/2009 Yuba > Colgate 5 MCP 1036 7185 34.42 102.5 6 10 too deep BLDR BLD BED SND 2 y at top n 422 300 656505 4355144

pool tailout has POW characteristic but deep water not moving, no 

scour so MCP

10/16/2009 Yuba > Colgate 6 LGR 91 7276 34.43 53.67 BLDR BLD BED SND 1 y at base 656505 4355144 2.5% gradient

10/16/2009 Yuba > Colgate 7 HGR 67 7343 34.45 48 BLDR BLD BED BLD 1 n n 11% gradient

10/16/2009 Yuba > Colgate 8 LGR 52 7395 34.46 68 BLDR BLD BED COB 1 n n 16 16 1% gradient

10/16/2009 Yuba > Colgate 9 POW 177 7572 34.49 62.67 BLDR BLD BED COB 1 n n 80 80

10/16/2009 Yuba > Colgate 10 HGR 85 7657 34.51 51.33 BLDR BLD BED BLD 1 y at top n 656536 4355528 9% gradient

10/16/2009 Yuba > Colgate 11 MCP 257 7914 34.55 84.67 6 10 too deep BLDR BLD BED BLD 1 y at base n 656536 4355528 6+ deep @ edge LBA

10/16/2009 Yuba > Colgate 12 LGR 33 7947 34.56 56 BLDR BLD BED BLD 2 n n 1.5% gradient

10/16/2009 Yuba > Colgate 13 POW 223 8170 34.60 89.33 BLDR BLD BED BLD 2 n n

10/16/2009 Yuba > Colgate 14 LGR 54 8224 34.61 133 BLDR BLD BED BLD 2 n n 2% gradient

10/16/2009 Yuba > Colgate 15 MCP 592 8816 34.73 87.25 6 10 too deep BLDR BED BLD BLD 2 y at top 0.5 cfs n 656670 4355787 depth is over 6 ft! at edge LBA

10/16/2009 Yuba > Colgate 16 HGR 105 8921 34.75 47.5 BLDR BLD BED BLD 2 y at base n 20 4 656670 4355787 9% gradient

10/16/2009 Yuba > Colgate 17 MCP 110 9031 34.77 64 6 10 too deep BLDR BLD BED COB 2 n n characteristics of POW but no divergent flow and deep

10/16/2009 Yuba > Colgate 18 HGR 216 9247 34.81 84.67 BLDR BLD COB BED 2 n n 211 80 4% gradient

10/16/2009 Yuba > Colgate 19 POW 412 9659 34.89 116.5 BLDR BED BLD BED 2 n n 600 600 moved away from river to climb banks

20 MCP 380 10039 34.96 80 6 10 no access BLDR BED BLD BED 2 y at base n 656850 4355960 estimated length and width from above - cliffed out both sides

Parent Material:

Map Gradient (%):

volcanic (Smartville Complex), 

gabbro (Pleasant Valley 
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Stream: Yuba River

Reach: Yuba Mainstem above and below Colgate PH

Table 1a. Summary Statistics - Mapped Units Table 2. Stream Cover 

Unit Type

Total 

Length (ft)

Length Rel 

Frequency Number

Number of 

Units 

(frequency)

Average 

width (ft)

Average 

pool depth 

(ft)

Average 

maximum 

pool depth 

(ft)

Average pooltail 

embeddedness 

(%)

Dominant 

Cover Type Number

Relative 

Frequency

Fall Insignificant 2 6%

Cascade Boulder 31 94%

Chute Vegetation 0

Rapid 989 10.1% 4 12.1% 117.5 Wood 0

High Gradient Riffle 791 8.1% 5 15.2% 73.3 SUM 33 100%

Low Gradient Riffle 845 8.6% 6 18.2% 92.4 QC OK

Glide 235 2.4% 1 3.0% 176.5

Run 1148 11.7% 5 15.2% 121.3 Table 3.  Reach Summary

Step Run Total Reach Length: 7.5 mi.

Pocket Water 812 8.3% 3 9.1% 89.5 Total Mapped Length: 1.86 mi. 24.7% mapped

Sheet Average Bankfull Width: 104.8 ft. 0.00 mi. charac

Convergance Pool Bankfull Depth: 6.5 ft. 24.74% Total m & c

Mid-Channel Pool 4978 50.8% 9 27.3% 104.7 6.6 11.1 #VALUE! Width:Depth: 16

Lateral Scour Pool Flood Prone Width: 0 ft.

Trench Pool Entrenchment Ratio: 0.0

Plunge Pool Total Spawnable Gravel: 1,405 ft2 - trout

TOTAL 9798 100.0% 33 100.0% 104.8 6.6 11.1 #VALUE! Avg Largest Patch Size: 93 ft2 - trout

QC 0 Weighted LWD Density: 0 / mile (bankful)

Average Wetted LWD Density: 0 / mile (wetted width)

By Length (ft) Parent Material: volcanic (Smartville Complex), gabbro (Pleasant Valley Pluton), quartz diorite

Bank Erosion % of Reach: 0.0%

Tot No. Passage Barriers: 0

 
Table 4.  Reach Summary  - Substrate and Bank Characteristics 

Total 

Length (ft)

Length Rel 

Frequency

Total 

Length (ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Bedrock 1384 14.1% 2897 29.6% 1008 10.3% 0

Boulder 7827 79.9% 1971 20.1% 6028 61.5% 0

Cobble 587 6.0% 4005 40.9% 926 9.5% 0

Gravel 0 0 0 0

Sand 0 925 9.4% 1836 18.7% 0

Silt 0 0 0 0

SUM 9798 100.0% 9798 100.0% 9798 100.0% 0 0.0%

Dominant Substrate Bank Substrate ErosionBank SubstrateSubdominant Substrate
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Mainstem Yuba River – Habitat Mapping Data – Video based – From high water influence of Englebright Reservoir to North 

Yuba/Middle Yuba Junction 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time RM Habitat Habitat HM Unit

0:28:34 32.55 13 LAP

0:28:37 32.57 13 LAP

0:28:40 32.59 13 LAP

0:28:43 32.62 17 OOV

0:28:46 32.64 17 OOV

0:28:49 32.66 13 LAP

0:28:52 32.68 13 LAP

0:28:55 32.70 9 RUN

0:28:58 32.73 4 RAP

0:29:01 32.75 7 LGR

0:29:04 32.77 13 LAP

0:29:07 32.79 4 RAP French Bar

0:29:10 32.81 7 LGR

0:29:13 32.83 4 RAP

0:29:16 32.86 4 RAP

0:29:19 32.88 8 GLI split

0:29:22 32.90 9 RUN 1

0:29:25 32.95 8 GLI 2

0:29:28 33.01 8 GLI 2

0:29:31 33.06 8 GLI 2

0:29:34 33.11 12 MCP 3

0:29:37 33.16 12 MCP 3

0:29:40 33.22 12 MCP 3

0:29:43 33.27 12 MCP 3

0:29:46 33.32 9 RUN 4

0:29:49 33.37 7 LGR 5

0:29:52 33.43 9 RUN 6

0:29:55 33.48 4 RAP 7

0:29:58 33.53 7 LGR split at low  flow

0:30:01 33.58 4 RAP 8

0:30:04 33.64 9 RUN 9

0:30:07 33.69 4 RAP 10

0:30:10 33.74 4 RAP 10

0:30:13 33.79 12 MCP 11

0:30:16 33.85 9 RUN 12

0:30:19 33.90 #N/A Colgate PH

0:30:22 33.93 #N/A Penstock

0:30:25 33.96 #N/A Colgate PH

0:30:28 33.99 #N/A Colgate PH

0:30:31 34.01 #N/A Tailrace

0:30:34 34.04 #N/A Tailrace

0:30:37 34.07 #N/A Tailrace

0:30:40 34.10 #N/A Tailrace

0:30:43 34.13 12 MCP 1

0:30:46 34.16 12 MCP 1

0:30:49 34.19 7 LGR 2

0:30:52 34.21 7 LGR 2

0:30:55 34.24 7 LGR 2

0:30:58 34.27 17 OOV

0:31:01 34.30 17 OOV

0:31:04 34.33 17 OOV

0:31:07 34.36 12 MCP 3

0:31:10 34.39 6 HGR 4

0:31:13 34.41 12 MCP 5

0:31:16 34.44 12 MCP 5

0:31:19 34.47 12 MCP 5

0:31:22 34.50 14 TRP

0:31:25 34.53 14 TRP

0:31:28 34.56 14 TRP

0:31:31 34.59 14 TRP

0:31:34 34.61 6 HGR 7

0:31:37 34.64 11 POW 9

0:31:40 34.67 7 LGR 12

0:31:43 34.70 11 POW 13

0:31:46 34.73 12 MCP 15

0:31:49 34.76 12 MCP 15

0:31:52 34.79 6 HGR 16

0:31:55 34.81 12 MCP 17

0:31:58 34.84 6 HGR 18

0:32:01 34.87 12 MCP 20

0:32:04 34.90 12 MCP 20

0:32:07 34.93 14 TRP

0:32:10 34.97 6 HGR

0:32:13 35.00 14 TRP

0:32:16 35.03 12 MCP

0:32:19 35.07 11 POW

0:32:22 35.10 11 POW

0:32:25 35.13 12 MCP

0:32:28 35.17 3 CHU

0:32:31 35.20 12 MCP

0:32:34 35.23 6 HGR

0:32:37 35.27 12 MCP

0:32:40 35.30 12 MCP

0:32:43 35.33 12 MCP

0:32:46 35.37 18 SPLIT

0:32:49 35.40 12 MCP

0:32:52 35.43 6 HGR

0:32:55 35.47 6 HGR

0:32:58 35.50 7 LGR

0:33:01 35.53 7 LGR

0:33:04 35.57 12 MCP

0:33:07 35.60 17 OOV

0:33:10 35.63 17 OOV

0:33:13 35.67 18 SPLIT

0:33:16 35.70 18 SPLIT

0:33:19 35.73 12 MCP

0:33:22 35.77 14 TRP

0:33:25 35.80 11 POW

0:33:28 35.83 11 POW

0:33:31 35.87 6 HGR

0:33:34 35.90 2 CAS

0:33:37 35.93 11 POW  

Time RM Habitat Habitat HM Unit

0:33:40 35.97 12 MCP

0:33:43 36.00 2 CAS

0:33:46 36.03 12 MCP

0:33:49 36.07 12 MCP

0:33:52 36.10 12 MCP

0:33:55 36.13 12 MCP

0:33:58 36.17 12 MCP

0:34:01 36.20 11 POW

0:34:04 36.23 11 POW

0:34:07 36.27 11 POW

0:34:10 36.30 6 HGR

0:34:13 36.33 6 HGR

0:34:16 36.37 12 MCP

0:34:19 36.40 12 MCP

0:34:22 36.43 9 RUN

0:34:25 36.47 12 MCP

0:34:28 36.50 11 POW

0:34:31 36.53 6 HGR

0:34:34 36.57 17 OOV

0:34:37 36.60 17 oov

0:34:40 36.63 11 POW

0:34:43 36.67 18 SPLIT

0:34:46 36.70 11 POW

0:34:49 36.73 11 POW

0:34:52 36.77 11 POW

0:34:55 36.80 6 HGR

0:34:58 36.83 11 POW

0:35:01 36.87 11 POW

0:35:04 36.90 12 MCP

0:35:07 36.93 11 POW

0:35:10 36.97 11 POW

0:35:13 37.00 11 POW

0:35:16 37.03 11 POW

0:35:19 37.07 11 POW

0:35:22 37.10 12 MCP

0:35:25 37.13 6 HGR

0:35:28 37.17 18 SPLIT

0:35:31 37.20 11 POW

0:35:34 37.23 11 POW

0:35:37 37.27 12 MCP

0:35:40 37.30 12 MCP

0:35:43 37.33 12 MCP

0:35:46 37.37 12 MCP

0:35:49 37.40 6 HGR

0:35:52 37.43 7 LGR

0:35:55 37.47 6 HGR

0:35:58 37.50 12 MCP

0:36:01 37.53 12 MCP

0:36:04 37.57 12 MCP

0:36:07 37.60 12 MCP

0:36:10 37.64 12 MCP

0:36:13 37.68 12 MCP

0:36:16 37.71 11 POW

0:36:19 37.75 12 MCP

0:36:22 37.79 12 MCP

0:36:25 37.83 11 POW

0:36:28 37.86 12 MCP

0:36:31 37.90 2 CAS

0:36:34 37.94 12 MCP

0:36:37 37.98 11 POW

0:36:40 38.02 12 MCP

0:36:43 38.05 11 POW

0:36:46 38.09 2 CAS

0:36:49 38.13 11 POW

0:36:52 38.17 6 HGR

0:36:55 38.20 17 OOV

0:36:58 38.24 17 OOV

0:37:01 38.28 11 POW

0:37:04 38.32 6 HGR

0:37:07 38.35 12 MCP

0:37:10 38.39 11 POW

0:37:13 38.43 11 POW

0:37:16 38.47 12 MCP

0:37:19 38.51 11 POW

0:37:22 38.54 12 MCP

0:37:25 38.58 12 MCP

0:37:28 38.62 17 OOV

0:37:31 38.66 2 CAS

0:37:34 38.69 11 POW

0:37:37 38.73 11 POW

0:37:40 38.77 10 STEP

0:37:43 38.81 12 MCP

0:37:46 38.85 9 RUN

0:37:49 38.88 12 MCP

0:37:52 38.92 11 POW

0:37:55 38.96 11 POW

0:37:58 39.00 11 POW

0:38:01 39.03 12 MCP

0:38:04 39.07 9 RUN

0:38:07 39.11 12 MCP

0:38:10 39.15 11 POW

0:38:13 39.18 11 POW

0:38:16 39.22 11 POW

0:38:19 39.26 10 STEP

0:38:22 39.30 12 MCP

0:38:25 39.34 9 RUN

0:38:28 39.37 4 RAP

0:38:31 39.41 12 MCP

0:38:34 39.45 17 OOV

0:38:37 39.49 2 CAS

0:38:40 39.52 18 SPLIT

0:38:43 39.56 11 POW

0:38:46 39.60 16 COP

North Yuba/Middle 

Yuba Junction  
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Geology - gabbro (Pleasant Valley pluton), volcanic (Smartville Complex), quartz diorite

Out of View

New Colgate PH

North Yuba/Midde Yuba Junction
New Colgate PH Reach Mainstem Yuba below North/MiddleYuba  Junction

Longitudinal Profile - average gradient 1.8%

 
Mainstem Yuba River – Habitat Mapping Units using video-mapped data and longitudinal profile. 
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Habitat Mapping Unit 1 – Mid Channel Pool Habitat Mapping Unit 2 – Cascade 

 

  
Habitat Mapping Unit 3 –Pocket Water Habitat Mapping Unit 4 – Step-Run 

 

  
Habitat Mapping Unit 5 – Cascade Habitat Mapping Unit 6 – Trench Pool 

 

  
Habitat Mapping Unit 7 and 8 – Plunge Pool and 

Cascade 
Habitat Mapping Unit 9 – Pocket Water 
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Habitat Mapping Unit 10 – Plunge Pool  
 

 



Middle Yuba below Highway 49 

Habitat Mapping Photographs 
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Habitat Mapping Unit 1 – Run Habitat Mapping Unit 2 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 3 –Lateral Pool Habitat Mapping Unit 4 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 5 – Run Habitat Mapping Unit 6 – Low Gradient Riffle 

 

 

 

Habitat Mapping Unit 7 –Run  
  

 



Middle Yuba above Oregon Creek 

Habitat Mapping Photographs 
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Habitat Mapping Unit 1 – Step-Run Habitat Mapping Unit 2 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 3 –Low Gradient Riffle Habitat Mapping Unit 3 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 4 – High Gradient Riffle Habitat Mapping Unit 5 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 6 –High Gradient Riffle Habitat Mapping Unit 7 –Mid-Channel Pool 
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Habitat Mapping Unit 8 – Run Habitat Mapping Unit 9 – Glide 

 

  
Habitat Mapping Unit 10 –Step-Run Habitat Mapping Unit 11 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 12 – Low Gradient Riffle Habitat Mapping Unit 13 – Glide 

 

  
Habitat Mapping Unit 14 –Low Gradient Riffle Habitat Mapping Unit 15 –Run 
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Habitat Mapping Unit 16 – Low Gradient Riffle Habitat Mapping Unit 17 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 18 –Mid-Channel Pool Habitat Mapping Unit 19 – Step-Run 

 

  
Habitat Mapping Unit 20 – Mid-Channel Pool Habitat Mapping Unit 24 – Rapid 

 

  
Habitat Mapping Unit 25 –Chute Habitat Mapping Unit 27 –High Gradient Riffle 
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Habitat Mapping Unit 28 – Mid-Channel Pool  
 

 



Middle Yuba below Our House Dam 

Habitat Mapping Photographs 
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Habitat Mapping Unit 1 – Mid-Channel Pool Habitat Mapping Unit 2 – Cascade 

 

  
Habitat Mapping Unit 3 – Run Habitat Mapping Unit 4 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 5 – Run Habitat Mapping Unit 6 – Lateral Pool 

 

  
Habitat Mapping Unit 7 –Low Gradient Riffle Habitat Mapping Unit 8 –High Gradient Riffle 
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Habitat Mapping Unit 9 – Mid-Channel Pool Habitat Mapping Unit 10 – Run 

 

  
Habitat Mapping Unit 11 –Mid-Channel Pool Habitat Mapping Unit 12 – Run 

 

  
Habitat Mapping Unit 13 – Mid-Channel Pool Habitat Mapping Unit 14 – Cascade 

 

  
Habitat Mapping Unit 14 –Low Gradient Riffle Habitat Mapping Unit 15 –Mid-Channel Pool 
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Habitat Mapping Raw Data 
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Middle Yuba – Ground-based Habitat Mapping Data 
Stream: Middle Yuba River Date: 9/1/2009

Reach: Entire 1.2%

Date Section Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting Post-Field Changes Comments

9/14/2009 MY > NY jnctn 1 MCP 463 463 0.00 61.67 4.75 10 15 BLDR BLD COB BED 1 Y base N DTA1 1368 N 660581 4359336 U1 pool at helicopter landing.  Could be trenchpool, but slow, so MCP

9/14/2009 MY > NY jnctn 2 CAS 125 588 0.11 66.33 BLDR BLD BLD BED 1 N N DTA1 1369 Y 660693 4359389

Barrier 4-8' + permanent (Barrier UTM: 0660693/ 4359389)  True 

cascade, huge boulders 12% gradient.

9/14/2009 MY > NY jnctn 3 POW 110 698 0.13 74.5 BLDR BLD SND BED 1 N N DTA1 1370 N 10 10

U3 slightly divergent channel around big rocks!  Short rapid forms a 

control between 2 sections of pocket water.  12" brown trout!  Still 

boulder and scour holes, hetorogenous substrate, more pool-like at 

bottom, run in middle.

9/14/2009 MY > NY jnctn 4 STEP 90 788 0.15 62.67 BLDR BLD BLD BED 1 N N DTA1 1371 N 26 18 step-run:  distinct steps separated by short cascades, 4% gradient.

9/14/2009 MY > NY jnctn 5 CAS 35 823 0.16 80 BLDR BLD BLD BLD 1 Y top N DTA1 1372 N 15% gradient.

9/14/2009 MY > NY jnctn 6 TRP 216 1039 0.20 75.33 4 8 0 BLDR BED BLD BED 1 N N DTA1 1373 N 12 12 66078 4359472 sandy bank; RBA with pooling from high flows

9/14/2009 MY > NY jnctn 7 PLP 10 1049 0.20 50 4.25 9 20 BLDR BLD BLD BLD 1 N N DTA1 1374 N

9/14/2009 MY > NY jnctn 8 CAS 28 1077 0.20 75 BLDR BED BLD BED 1 N N

DTA1 1375 hole from 

LBA, 1376 LUS Y 660710 4359581 5' permanent barrier (barrier UTM: 0660710/ 4359581), 15% gradient

9/14/2009 MY > NY jnctn 9 POW 105 1182 0.22 67.5 BLDR BLD COB BED 1 N N

DTA1 1378 LDS to 

LBA N

9/14/2009 MY > NY jnctn 10 PLP 125 1307 0.25 66 10 5 BLDR BED BLD BED 1 Y mid N DTA1 1377 LUS N 660691 4359615

Deep and inaccessable - estimated depth from above.  Photo DTA1 

1379 of transition between HAB #9 and #10 - poor control but different 

pool types.  Very difficult to access HAB #9 & #10;  deep waters & 

sheer bedrock walls.  #10 flagged on RBA cliff lip above pool (only area 

accessable) also UTM's see above.

9/14/2009 MY > NY jnctn 11 CAS 60 1367 0.26 40

stopped at HMU #10 - too steep and dangerous to continue, 15% 

gradient.

9/14/2009 MY > NY jnctn 12 STEP 95 1462 0.28 75

9/14/2009 MY > NY jnctn 13 CAS 50 1512 0.29 75

9/14/2009 MY > NY jnctn 14 MCP 1512 0.29

DTA1 1380 shows 

entire sequence flag red where stopped on cliff above #10 labelled "MY +NY HMU 10"

9/16/2009 < Hwy 49 1 RUN 74 74 4.20 41.67 2.25 BLDR BLD COB BLD 4 N private land N

DTA1 1466, 1467 

LDS N 0 0 664876 4361734 modified tail from artificial dam

9/16/2009 < Hwy 49 2 LGR 63 137 4.21 41.33 INSIGNIF COB BLD BLD 4 N N DTA1 1468 N 1 1 3%

9/16/2009 < Hwy 49 SPLIT 470 607 4.30 BLDR COB GRV BLD 1 N N DTA1 1469 N

1046 LBA, 

149 RBA

480 LBA, 120 

RBA

LBA = LGR > GLI > LGR, RBA = LGR > GLI > LGR > GLI > LGR frog, 

green algae

9/16/2009 < Hwy 49 3 LAP 382 989 4.37 141.5 1.5 3.5 50 INSIGNIF GRV COB BLD 1 N N DTA1 1470 N too embeded

GLI @ tail but still scour on LBD so not separated.  Goes quickly into 

cat tails RBD

9/16/2009 < Hwy 49 4 LGR 223 1212 4.42 113.67 INSIGNIF COB BLD BLD 1 N N DTA1 1471 N 165 72

Artificial pool from mining; didymo and green algae; split but from 

minning; LGR 2%, character dom.

9/16/2009 < Hwy 49 5 RUN 88 1300 4.43 118.5 INSIGNIF COB BLD BLD 1 Y at top N DTA1 1472 N 119 108 664908 4362124 dug out, modified split, but overall form run (not modelable)

9/16/2009 < Hwy 49 6 LGR 129 1429 4.46 115.67 BLDR BLD COB BLD 1 Y at base N DTA1 1473 N 26.5 6

run on LBD, surface agitation but generally LGR, 1% NM - SPLITS, 

multi thread

9/16/2009 < Hwy 49 7 RUN 140 1569 4.48 90.33 BLDR BLD COB BLD 1 N N DTA1 1474 N 39 36 Split near top with some riffle LBA, HF Ch. RBA

9/16/2009 < Hwy 49 8 LGR 85 1654 4.50 89.67 2 BLDR COB BLD BLD 1 N N DTA1 1475 N 42 18

1.5%, boulders on LBA - more run-like, next unit pool under bridge 

HWY 49

9/13/2009 > Oregon Creek 1 STEP 388 2042 4.50 51.2 1.75 BLDR BLD BLD BLD 1 Y at base N DTA1 1333 0 0 N 163.5 72 665105 4362264

gradient 4.5%, step-run with riffle - step characteristics on half or less of 

channel punctuating.  Difficult to model due to oblique flow and multiple 

water surfaces

9/13/2009 > Oregon Creek 2 MCP 258 2300 4.55 66 2.875 6 15 BLDR BLD BLD BLD 1 N N DTA1 1334 0 0 N 0 0

artificial downstream control - boulder dam, 15% embedded; staff gauge 

with no housing - out of water half thru habitat; top at pool greatly 

modified for slough-boxes not characteristic of entire pool

9/13/2009 > Oregon Creek 3 LGR 49 2349 4.56 61.5 INSIGNIF BLD COB BLD 1 N N DTA1 1335 0 0 N 0 0

selected boulder as bank 

substrate since the field was left 

blank on original data sheet

spawning gravels in this habitat but frequent modification for slough - 

boxes, so unmeasurable, 2% gradient

9/13/2009 > Oregon Creek 3 MCP 167 2516 4.59 57.33 3.4 7 na BLDR BLD GRV BED 1 N N DTA1 1336 0 0 N 504 504 tail of pool very modified, but lots of spawning gravel

9/13/2009 > Oregon Creek 4 HGR 102 2618 4.61 42 BLDR BLD BED BED 1 Y at top N DTA1 1337 0 0 N 0 0 modelable sections, 7% gradient

9/13/2009 > Oregon Creek 5 LGR 170.5 2788.5 4.64 39.67 BLDR BLD SND BLD 3 Y at base N DTA1 1338 0 0 N 0 0 665372 4362171

High-flow side channel, 4% gradient; excellent modelability; Carex 

nudata - great bank stabilizer, establishes sediment in high turbidity 

areas both banks 70% coverage.  Elevated flood plain LBA (same size 

as wetted channel).  Some tree-root exposure due to long-term 

erosion/modifications - not an active erosional feature.  High flow side 

channel on LBA.  3% gradient.

9/13/2009 > Oregon Creek 6 HGR 40 2828.5 4.65 42.33 BLDR BLD BLD BLD 3 N N DTA1 1339 0 0 N 0 0

Highly modified riffle-crest - damned above pool with boulders and 

cobble, 8% gradient

9/13/2009 > Oregon Creek 7 MCP 88.5 2917 4.67 53 2.6875 5 BLDR BLD BLD BLD 3 N N

DTA1 1341 = 

control/dam, 1342 

pool, 1343, 1344 = 

bank 0 0 N 0 0

Damned pool *DO NOT MODEL*, destabilized banks - dug-out banks 

creating positive feed-back mechanism

9/13/2009 > Oregon Creek 8 RUN 124 3041 4.69 57.33 BLDR BLD BLD BLD 3 N N DTA1 1345 0 0 N 1 1

filled in Dom, Subdom, and 

Bank Substrates as BLD since 

they were left blank

Run, but because of damns & dug out banks, creating pools at banks, 

and step-pool for length of run.  Highly modified; after high-flows remove 

dams, will probably be a run!

9/13/2009 > Oregon Creek 9 GLI 210 3251 4.73 50 BLDR BLD COB BLD 10 1 Y at top N DTA1 1346 0 0 N 6 4

Subdominant bank substrate is SND.  Deeper section in middle of glide - 

obviously modified; some erosion due to modification; run like at top, 

pool-like in middle, narrow cobble bar LBA -- elevated flood plain

9/13/2009 > Oregon Creek 10 STEP 110 3361 4.75 44.67 BLDR BLD COB BLD 1 Y at base N DTA1 1347 0 0 N 2 1 665552 4362234 step-run with short HGR separating steps - lots of catwater

9/13/2009 > Oregon Creek 11 MCP 280 3641 4.80 62.25 2.4375 4.75 40 INSIGNIF COB BLD BED 2 N N DTA1 1348 0 0 N 8 3 10" brown trout, head of pool 28' run - ambiguous start

9/13/2009 > Oregon Creek 12 LGR 117 3758 4.83 56 BLDR BLD COB BLD 1 n n DTA1 1349 0 0 N 29 15 3% gradient, some sandy deposits alnog shoreline

9/13/2009 > Oregon Creek 13 GLI 321 4079 4.89 57.67 3.5 BLDR BLD COB BLD 1 n n DTA1 1350 0 0 n 21 4

3 inch fish, three 4' fish, 2 scour holes 3.5' deep LBA artificially scoured, 

end of glide oblique - mid - pt taken

9/13/2009 > Oregon Creek 14 LGR 223 4302 4.93 65 1.75 BLDR BLD BLD BLD 1 y at top n DTA1 1351 0 0 n 116 72

some indistinct stepping, but lots of surface agitation so calling it a run - 

slight scour pool RBA

9/13/2009 > Oregon Creek 15 RUN 80 4382 4.94 57 BLDR BLD BLD BLD 120 1 y at base n DTA1 1352 0 0 n 0 0 665849 4362162 almost pocket water but too much surface agitation

9/13/2009 > Oregon Creek 16 LGR 119 4501 4.97 52.33 BLDR BLD COB BLD 1 n n DTA1 1353 0 0 n 43 36 some flat sections - esp at top (not modelable), 3% gradient

9/13/2009 > Oregon Creek 17 MCP 226 4727 5.01 57 4 8 30 BLDR BLD SND BED 1 n n DTA1 1354 0 0 n 72 72 scour hole 1/3 width of channel (12x12) at base of channel

9/13/2009 > Oregon Creek 18 MCP 74 4801 5.02 42.67 1.94 3.5 0 BLDR BLD GRV BED 1 N N DTA1 1355 0 0 n 182 180 pinch-point making ds control

9/13/2009 > Oregon Creek 19 STEP 112 4913 5.04 150.33 BLDR BED COB SND 1 y n DTA1 1356 0 0 n 20 18

Lower 2/3 wider and slower upper 1/3 narrow and fast step-run.  Lots 

veg on banks - riparian community

9/13/2009 > Oregon Creek 20 MCP 105 5018 5.06 48.5 5 DTA1 1357 15 12 Big hole (pool) at base ~5' deep, max depth 3', w/scour hole at bottom

9/13/2009 > Oregon Creek 21 LGR 54 5072 5.07 41.67 3 3% gradient 

9/13/2009 > Oregon Creek 22 RUN 133 5205 5.10 52 130 108 deep boulder run w/some scour, slight control creates pool

9/13/2009 > Oregon Creek 23 MCP 92 5297 5.12 36 7 bedrock side LBA

9/13/2009 > Oregon Creek 24 RAP 70 5367 5.13 26.5 DTA1 1358

9/13/2009 > Oregon Creek 25 CHU 47 5414 5.14 22.33 DTA1 1359

9/13/2009 > Oregon Creek SPLIT 245 5659 5.19 LBA = RIF/RUN, RBA = RIF/RUN

9/13/2009 > Oregon Creek 26 POW 298 5957 5.24 75.5 118 50

9/13/2009 > Oregon Creek 27 HGR 325 6282 5.30 76 DTA1 1360 4% grad, non-modelable multiple water surfaces and flow lines

9/13/2009 > Oregon Creek 28 MCP 918 7200 5.48 104.25 8

DTA1 1364 LDS, 

1365 LUS 6 6

long tail with some surface agitation, PHOTOS:  DTA1 1362 dead 

metamorph, probably FYF; DTA1 1363 lateral deep RBA to MCP w/no 

control.  This pool becomes unwalkable, too deep w/ few to no places to 

get out, very deep, wide, bedrock walls w/ full riparian veg community 

where soils allow.

9/13/2009 > Oregon Creek 29 RUN 90 7290 5.49 65

9/13/2009 > Oregon Creek 30 MCP 433 7723 5.58 65 10 666588 4361973 END at base of unit 31.  FROG SIGHTINGS:  DTA1 1367 & 1366

Parent Material:

Map Gradient (%):

Volcanic, granite/granodiorite, 

metasedimentary
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Middle Yuba – Ground-based Habitat Mapping Data (cont.) 

Date Section Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting Post-Field Changes Comments

11/18/2009 MY < OH Dam (SWS) 41 HGR 30 30 10.85 60 BED BLDR BED Top F/T RL 730-731 0 0 N 0 0 670932 4363668 End survey

11/18/2009 MY < OH Dam (SWS) 40 RUN 119 149 10.87 47 BED SND BED N 0 0 N 0 0 Cal newt obs on bank.

11/18/2009 MY < OH Dam (SWS) 39 LGR 106 255 10.89 30 BLDR COB BED N 729 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 38 RUN 92 347 10.91 31 COB BLDR BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 37 MCP 74 421 10.92 34 3 5.5 COB BLDR BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 36 MCP 154 575 10.95 45 4 7 BLDR COB BLDR Bottom F RL 0 0 N 0 0 671088 4363676

11/18/2009 MY < OH Dam (SWS) 35 RUN 57 632 10.96 40 BLDR BED BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 34 MCP 98 730 10.98 37 4 7 BLDR BED BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 33 MCP 181 911 11.02 60 6 10 BLDR COB BED N 0 cfs (RR) 0 0 N 0 0 Boulder Bar River Left

11/18/2009 MY < OH Dam (SWS) 32 HGR 164 1075 11.05 35 BLDR COB BED N 727 1 0 N 0 0 Boulder Bar River Left

11/18/2009 MY < OH Dam (SWS) 31 RUN 46 1121 11.06 45 BLDR COB BLDR Top F RR 3 2 N 0 0 671274 4363623 Boulder Bar River Left

11/18/2009 MY < OH Dam (SWS) 30 LGR 75 1196 11.07 80 COB BLDR BLDR Bottom F RR 726 0 0 N 0 0 Complex "splits"

11/18/2009 MY < OH Dam (SWS) 29 STEP 89 1285 11.09 70 BLDR COB BLDR N 725 0 0 N 0 0 Split level step RUN (Complex)

11/18/2009 MY < OH Dam (SWS) 28 RUN 144 1429 11.11 40 COB BLDR BLDR N 723-724 0 0 N 0 0 Frog obs.  Photos 723-724

11/18/2009 MY < OH Dam (SWS) 27 STEP 144 1573 11.14 40 COB BLDR BLDR N 722 0 0 N 0 0 Step RUN

11/18/2009 MY < OH Dam (SWS) 26 MCP 424 1997 11.22 70 5 10 SND BLDR BED N 720-721 1 1 N 0 0 671546 4363556

Miners camp and cobble bar on RR. Cable crossing mid-pool.  GPS at 

Top of unit

11/18/2009 MY < OH Dam (SWS) 25 STEP 197 2194 11.26 60 BLDR COB BED Bottom F RL 719 0 0 N 15 15 Step RUN

11/18/2009 MY < OH Dam (SWS) 24 MCP 230 2424 11.30 60 4 7 BLDR SND BED N 0 0 N 100 25 Fish observation.  Max spawning gravel patch is from dredger tailings.

11/18/2009 MY < OH Dam (SWS) 23 RUN 67 2491 11.32 35 BLDR COB BED N 0 0 N 25 25

11/18/2009 MY < OH Dam (SWS) 22 LGR 121 2612 11.34 35 BLDR COB BED N 718 0 0 N 0 0 HGR at top, runny at bottom - complex.  Cattails on RR.  

11/18/2009 MY < OH Dam (SWS) 21 MCP 304 2916 11.40 52 6 9 SND BLDR BED Top F/T RR 716-717 1 1 N 0 0 671754 4363761 GPS taken at top of unit.

11/18/2009 MY < OH Dam (SWS) 20 RUN 87 3003 11.41 35 BLDR BED BED Bottom F/T RR 715 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 19 PLP 143 3146 11.44 32 5 8 BLDR GRV BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 18 HGR 139 3285 11.47 37 BLDR COB BED N 711 - 714 0 0 N 0 0 Miners dredging supplies on RR photos 712 and 713.  CAS at base.

11/18/2009 MY < OH Dam (SWS) 17 RUN 197 3482 11.50 40 COB BLDR BED F Top RR 710 0 0 N 0 0 Potential miners trail RR (ladder). Step at 113 ft.

11/18/2009 MY < OH Dam (SWS) 16 MCP 363 3845 11.57 50 6 10 SND GRV BED N 1 1 N 25 25 671939 4363954 Narrow bedrock canyon.  Large gravel deposit at tail.  GPS at top of unit

11/18/2009 MY < OH Dam (SWS) 15 HGR 71 3916 11.59 50 BLDR COB BED N 709 1 1 N 0 0 Difficult access beyond this point downstream.

11/18/2009 MY < OH Dam (SWS) 14 RUN 78 3994 11.60 40 BLDR COB BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 13 LGR 55 4049 11.61 50 BLDR COB BLDR N 0 0 N 0 0 HGR step at top, backwater pool

11/18/2009 MY < OH Dam (SWS) 12 MCP 63 4112 11.62 43 2 4 BLDR GRV BLDR T/F RL 706-708 0 0 N 0 0 Potential fish site.

11/18/2009 MY < OH Dam (SWS) 11 RUN 166 4278 11.65 55 BLDR COB BED N 704-705 2 2 N 0 0 672024 4364037 Potential fish site.

11/18/2009 MY < OH Dam (SWS) 10 LGR 216 4494 11.70 53 BLDR COB BED N 703 1 1 N 0 0 Complex with POW, RUN, and HGR, steps.

11/18/2009 MY < OH Dam (SWS) 9 RUN 90 4584 11.71 38 BLDR COB BED N 0 0 N 0 0 Good fish unit. Max depth = 3.5 ft

11/18/2009 MY < OH Dam (SWS) 8 POW 40 4624 11.72 30 BLDR COB BED Top F RR 0 0 N 0 0 Good fish unit. Max depth = 2 ft

11/18/2009 MY < OH Dam (SWS) 7 RUN 115 4739 11.74 60 SND GRV BLDR Bottom F RR 702 0 0 N 0 0 run/pool unit good fish unit

11/18/2009 MY < OH Dam (SWS) 6 POW 101 4840 11.76 30 2.5 3 BLDR COB BLDR N 701 0 0 N 0 0 672196 4364153 Good fish unit. Avg. Depth = 2.5 ft Max Depth = 3.0 ft

11/18/2009 MY < OH Dam (SWS) 5 MCP 120 4960 11.78 50 4 6 BLDR GRV BED Top F/T RL 700 0 0 N 0 0 Difficult but possible e-fish unit.  Consider reduced discharge.

11/18/2009 MY < OH Dam (SWS) 4 HGR 48 5008 11.79 60 BLDR COB BED N 699 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 3 LGR 83 5091 11.81 70 BLDR COB BED N 0 0 N 0 0

11/18/2009 MY < OH Dam (SWS) 2 MCP 153 5244 11.84 50 4 6 BLDR SND BED N 698 0 0 N 8 8

11/18/2009 MY < OH Dam (SWS) 1 PLP 168 5412 11.87 65 4 6 SND BLDR BED N 697 0 0 N 0 0 672312 4364274 HGR and USGS pool at top

9/16/2009 MY < OH Dam 1 MCP 130 5542 11.87 60 5 10 na BLDR BLD SND BED 2 Y at top N DTA1 1442 LDS 0 0 N 0 0 671924 4363951

difficult access to bottom - lot, UTM's taken at top of pool - between U1 

and U2, PHOTO DTA1 1443 LDS from near top of U1

9/16/2009 MY < OH Dam 2 CAS 73 5615 11.89 55.67 BLDR BLD BED BED 1 N N DTA1 1444 0 0 N 0 0 1% gradient

9/16/2009 MY < OH Dam 3 RUN 68 5683 11.91 48 3 BLDR BLD COB BLD 92 1 N N DTA1 1445 0 0 N 26 12 large boulders on margin

9/16/2009 MY < OH Dam SPLIT 70 5753 11.92 57.67 BLDR BLD COB BED 1 N N DTA1 1446 0 0 N 16 6 5% gradient, half channel is step run, half is HGR

9/16/2009 MY < OH Dam 4 MCP 50 5803 11.93 62.5 2.15 4 BLDR BLD SND BLD 2 N N DTA1 1447, 1448 LDS 0 0 N 14 6

small flow around boulders RBA, 2 foots long boulder step top of pool, 

PHOTO DTA1 1449 photo of step at top of U4 from LBA LDS

9/16/2009 MY < OH Dam 5 RUN 111 5914 11.94 58 3 BLDR BLD COB BLD 1 Y at top N DTA1 1450 0 0 N 13 9 672025 4364028

9/16/2009 MY < OH Dam 6 LAP 87 6001 11.97 62.33 2.0625 3.5 BLDR BLD SND BLD 1 Y at base N DTA1 1451 0 0 N 0 0 672025 4364028

sandy deposition LBA, scour hole meets min pool requirements, control 

at base low and maybe inconsequential at high flow

9/16/2009 MY < OH Dam 7 LGR 109 6110 11.98 59 3 BLDR BLD COB BED 1 N N DTA1 1452 0 0 N 12 6 3.5% gradient, modelable

9/16/2009 MY < OH Dam SPLIT 35 6145 12.00 BLDR BLD COB BLD 1 N N DTA1 1453 from RBA 0 0 N 0 0 half of channel is run half is POW

9/16/2009 MY < OH Dam 8 HGR 95 6240 12.01 75.67 2 BLDR BLD COB BLD 1 N N DTA1 1454 LDS 0 0 N 0 0 5% grade

9/16/2009 MY < OH Dam 9 MCP 104 6344 12.03 57.75 2 3.75 40 BLDR BLD SND BLD 2 Y at top N DTA1 1455 N 0 0

9/16/2009 MY < OH Dam 10 RUN 63 6407 12.05 68 BLDR BLD SND BLD 1 Y at base N DTA1 1456 N 5 4 672124 4364111 some surface agitation, but too deep to be riffle

9/16/2009 MY < OH Dam 11 MCP 165 6572 12.06 60.33 2.625 5.5 40 BLDR BLD SND BLD 2 N N DTA1 1457 N Top of pool is run-like, but no control, so included in pool

9/16/2009 MY < OH Dam 12 RUN 40 6612 12.09 55 3 BLDR BLD COB BED 1 N N DTA1 1458 N some surface agitation, but very deep

9/16/2009 MY < OH Dam 13 MCP 125 6737 12.10 83 3.33 6 40 BLDR BLD SND BLD 2 N N DTA1 1459 N 144 108

Run - with constriction at mid-pool but still deep and weak control; Top 

of LBA bar within BF, three 6" fish

9/16/2009 MY < OH Dam 14 CAS 50 6787 12.12 51.5 BLDR BLD BED BED 1 N N DTA1 1460 N 11% gradient

9/16/2009 MY < OH Dam SPLIT 140 6927 12.13 Y at top 31 24 step-run on one side, split on other

9/16/2009 MY < OH Dam 15 MCP 162 7089 12.16 50 6.5 seven 5" suckers, dark stripe down back photo DTA1 1461

9/16/2009 MY < OH Dam 16 MCP 178 7267 12.19 68.5 8

photo of dam LUS DTA1 1464, photo of wier 1463, staff gauge reads 

17.10 on  
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Stream: Middle Yuba River

Reach: Entire

Table 1a. Summary Statistics - Mapped Units Table 2. Stream Cover 

Unit Type

Total 

Length (ft)

Length Rel 

Frequency Number

Number of 

Units 

(frequency)

Average 

width (ft)

Average 

pool depth 

(ft)

Average 

maximum 

pool depth 

(ft)

Average pooltail 

embeddedness 

(%)

Dominant 

Cover Type Number

Relative 

Frequency

Fall Insignificant 6 7%

Cascade 421 2.7% 7 6.4% 63.4 Boulder 77 93%

Chute 47 0.3% 1 0.9% 22.3 Vegetation 0

Rapid 70 0.5% 1 0.9% 26.5 Wood 0

High Gradient Riffle 1014 6.5% 9 8.2% 53.1 SUM 83 100%

Low Gradient Riffle 1997.5 12.9% 17 15.5% 62.0 QC Error

Glide 531 3.4% 2 1.8% 53.8

Run 2269 14.6% 23 20.9% 52.9 Table 3.  Reach Summary

Step Run 1225 7.9% 8 7.3% 69.2 Total Reach Length: 12.2 mi.

Pocket Water 654 4.2% 5 4.5% 55.5 Total Mapped Length: 2.94 mi. 24.1% mapped

Sheet Average Bankfull Width: 58.9 ft. 0.00 mi. charac

Convergance Pool Bankfull Depth: 2.5 ft. 24.13% Total m & c

Mid-Channel Pool 6182.5 39.8% 30 27.3% 56.8 3.7 6.9 7.9 Width:Depth: 24

Lateral Scour Pool 469 3.0% 2 1.8% 101.9 1.8 3.5 25.0 Flood Prone Width: 0 ft.

Trench Pool 216 1.4% 1 0.9% 75.3 4.0 8.0 Entrenchment Ratio: 0.0

Plunge Pool 446 2.9% 4 3.6% 53.3 5.8 7.0 5.0 Total Spawnable Gravel: 2,311 ft2 - trout

TOTAL 15542 100.0% 110 100.0% 58.9 3.8 6.3 12.6 Avg Largest Patch Size: 44 ft2 - trout

QC 0 Weighted LWD Density: 5 / mile (bankful)

Average Wetted LWD Density: 4 / mile (wetted width)

By Length (ft) Parent Material: Volcanic, granite/granodiorite, metasedimentary

Bank Erosion % of Reach: 0.0%

Tot No. Passage Barriers: 2  
 
 
 
 
 
Table 4.  Reach Summary  - Substrate and Bank Characteristics 

Total 

Length (ft)

Length Rel 

Frequency

Total 

Length (ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Bedrock 723 6.4% 4651 38.7% 2583 34.0% 0

Boulder 5523 48.6% 2569.5 21.4% 4900 64.5% 10 100.0%

Cobble 3421 30.1% 2859 23.8% 0 0

Gravel 1186 10.4% 711 5.9% 0 0

Sand 502 4.4% 1230.5 10.2% 112 1.5% 0

Silt 0 0 0 0

SUM 11355 100.0% 12021 100.0% 7595 100.0% 10 100.0%

Dominant Substrate Bank Substrate ErosionBank SubstrateSubdominant Substrate
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Middle Yuba River – Habitat Mapping – Video based – From North Yuba/Middle Yuba Junction to Our House Dam 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time RM Habitat Habitat HM Unit

1:42:50 0.00 18 SPLIT

1:42:53 0.04 12 MCP 1

1:42:56 0.08 12 MCP 1

1:42:59 0.11 12 MCP 1

1:43:02 0.15 12 MCP 1

1:43:05 0.17 11 POW 3

1:43:08 0.19 10 STEP 4

1:43:11 0.21 2 CAS 5

1:43:14 0.23 14 TRP 6

1:43:17 0.25 15 PLP 7

1:43:20 0.27 11 POW 9

1:43:23 0.29 15 PLP 10

1:43:26 0.31 10 STEP 11

1:43:29 0.33 2 CAS 13

1:43:32 0.35 12 MCP

1:43:35 0.37 2 CAS

1:43:38 0.39 2 CAS

1:43:41 0.41 12 MCP

1:43:44 0.43 9 RUN

1:43:47 0.44 12 MCP

1:43:50 0.46 15 PLP

1:43:53 0.48 2 CAS

1:43:56 0.50 11 POW

1:43:59 0.52 11 POW

1:44:02 0.54 4 RAP

1:44:05 0.56 12 MCP

1:44:08 0.58 14 TRP

1:44:11 0.60 17 OOV

1:44:14 0.62 7 LGR S.C. dry on LBA

1:44:17 0.64 7 LGR S.C. dry on LBA

1:44:20 0.66 12 MCP

1:44:23 0.68 12 MCP

1:44:26 0.70 13 LAP

1:44:29 0.73 13 LAP

1:44:32 0.75 12 MCP

1:44:35 0.78 2 CAS

1:44:38 0.81 6 HGR

1:44:41 0.84 11 POW

1:44:44 0.86 11 POW

1:44:47 0.89 7 LGR

1:44:50 0.92 13 LAP

1:44:53 0.94 13 LAP

1:44:56 0.97 9 RUN

1:44:59 1.00 17 OOV

1:45:02 1.03 9 RUN

1:45:05 1.05 12 MCP

1:45:08 1.08 7 LGR

1:45:11 1.11 13 LAP

1:45:14 1.13 12 MCP

1:45:17 1.16 7 LGR

1:45:20 1.19 7 LGR

1:45:23 1.21 12 MCP

1:45:26 1.24 12 MCP

1:45:29 1.27 12 MCP

1:45:32 1.30 12 MCP

1:45:35 1.32 18 SPLIT

1:45:38 1.35 18 SPLIT

1:45:41 1.37 8 GLI

1:45:44 1.39 8 GLI

1:45:47 1.41 12 MCP

1:45:50 1.43 12 MCP

1:45:53 1.45 9 RUN

1:45:56 1.47 13 LAP

1:45:59 1.49 13 LAP

1:46:02 1.51 13 LAP

1:46:05 1.53 12 MCP

1:46:08 1.55 9 RUN

1:46:11 1.57 12 MCP

1:46:14 1.59 7 LGR

1:46:17 1.61 18 SPLIT

1:46:20 1.63 18 SPLIT

1:46:23 1.65 18 SPLIT

1:46:26 1.68 13 LAP

1:46:29 1.70 11 POW

1:46:32 1.72 17 OOV

1:46:35 1.74 12 MCP

1:46:38 1.76 12 MCP

1:46:41 1.78 6 HGR

1:46:44 1.80 9 RUN

1:46:47 1.82 13 LAP

1:46:50 1.84 11 POW

1:46:53 1.86 17 OOV

1:46:56 1.88 7 LGR

1:46:59 1.90 6 HGR

1:47:02 1.92 12 MCP

1:47:05 1.94 4 RAP

1:47:08 1.96 7 LGR

1:47:11 1.98 18 SPLIT

1:47:14 2.00 17 OOV SHADE

1:47:17 2.02 17 OOV SHADE

1:47:20 2.04 17 OOV SHADE

1:47:23 2.07 13 LAP

1:47:26 2.09 13 LAP

1:47:29 2.11 18 SPLIT

1:47:32 2.13 8 GLI

1:47:35 2.15 12 MCP

1:47:38 2.17 12 MCP

1:47:41 2.20 12 MCP

1:47:44 2.22 12 MCP

1:47:47 2.24 10 STEP

1:47:50 2.26 10 STEP

1:47:53 2.28 7 LGR

1:47:56 2.30 7 LGR

1:47:59 2.33 18 SPLIT

1:48:02 2.35 18 SPLIT  

Time RM Habitat Habitat HM Unit

1:48:05 2.37 18 SPLIT

1:48:08 2.39 12 MCP

1:48:11 2.41 12 MCP

1:48:14 2.43 13 LAP

1:48:17 2.46 13 LAP

1:48:20 2.48 6 HGR

1:48:23 2.50 7 LGR

1:48:26 2.52 7 LGR

1:48:29 2.54 12 MCP

1:48:32 2.57 12 MCP

1:48:35 2.59 12 MCP

1:48:38 2.61 12 MCP

1:48:41 2.63 13 LAP

1:48:44 2.65 12 MCP

1:48:47 2.67 4 RAP

1:48:50 2.70 14 TRP

1:48:53 2.72 4 RAP

1:48:56 2.74 9 RUN

1:48:59 2.76 14 TRP

1:49:02 2.78 12 MCP

1:49:05 2.80 2 CAS

1:49:08 2.83 9 RUN

1:49:11 2.85 12 MCP

1:49:14 2.87 18 SPLIT

1:49:17 2.89 18 SPLIT

1:49:20 2.91 18 SPLIT

1:49:23 2.93 18 SPLIT

1:49:26 2.96 18 SPLIT

1:49:29 2.98 8 GLI

1:49:32 3.00 14 TRP

1:49:35 3.03 12 MCP

1:49:38 3.05 11 POW

1:49:41 3.08 11 POW

1:49:44 3.10 11 POW

1:49:47 3.13 11 POW

1:49:50 3.15 18 SPLIT

1:49:53 3.18 12 MCP

1:49:56 3.20 12 MCP

1:49:59 3.23 8 GLI

1:50:02 3.25 12 MCP

1:50:05 3.28 12 MCP

1:50:08 3.30 18 SPLIT

1:50:11 3.33 18 SPLIT

1:50:14 3.35 9 RUN

1:50:17 3.38 9 RUN

1:50:20 3.40 13 LAP

1:50:23 3.42 9 RUN

1:50:26 3.44 7 LGR SWS1

1:50:29 3.46 17 OOV SWS2

1:50:32 3.49 6 HGR SWS3

1:50:35 3.51 18 SPLIT SWS3.1

1:50:38 3.53 18 SPLIT SWS3-9.1

1:50:41 3.55 18 SPLIT SWS3-9.1

1:50:44 3.57 18 SPLIT SWS3-9.1

1:50:47 3.59 18 SPLIT SWS3-9.1

1:50:50 3.62 18 SPLIT SWS3-9.1

1:50:53 3.64 18 SPLIT SWS3-9.1

1:50:56 3.66 18 SPLIT SWS3-9.1

1:50:59 3.68 18 SPLIT SWS3-9.1

1:51:02 3.70 18 SPLIT SWS3-9.1

1:51:05 3.72 8 GLI SWS10

1:51:08 3.75 7 LGR SWS10

1:51:11 3.77 17 OOV SWS10

1:51:14 3.79 17 OOV SWS10

1:51:17 3.81 9 RUN SWS10

1:51:20 3.83 9 RUN SWS10

1:51:23 3.85 12 MCP SWS11

1:51:26 3.87 13 LAP SWS11

1:51:29 3.90 7 LGR SWS12 &12.1

1:51:32 3.92 9 RUN SWS 13

1:51:35 3.94 13 LAP SWS 13

1:51:38 3.96 18 SPLIT SWS 13.1&14

1:51:41 3.98 18 SPLIT SWS 13.1&14

1:51:44 4.00 9 RUN SWS15

1:51:47 4.03 13 LAP SWS15

1:51:50 4.05 9 RUN SWS15

1:51:53 4.07 9 RUN SWS15

1:51:56 4.09 9 RUN SWS15

1:51:59 4.11 7 LGR SWS16

1:52:02 4.13 9 RUN 1

1:52:05 4.15 7 LGR 2

1:52:08 4.18 18 SPLIT

1:52:11 4.20 18 SPLIT

1:52:14 4.22 18 SPLIT

1:52:17 4.24 18 SPLIT

1:52:20 4.26 13 LAP 3

1:52:23 4.28 13 LAP 3

1:52:26 4.31 13 LAP 3

1:52:29 4.33 12 MOD Scoured

1:52:32 4.35 7 LGR 4

1:52:35 4.37 7 LGR 4

1:52:38 4.39 7 LGR 4

1:52:41 4.41 9 RUN 7

1:52:44 4.44 9 RUN 7

1:52:47 4.46 7 LGR 8

1:52:50 4.48 13 LAP

1:52:53 4.50 12 MCP HWY 49

1:52:56 4.52 13 LAP

1:52:59 4.54 13 LAP

1:53:02 4.56 13 LAP

1:53:05 4.58 13 LAP

1:53:08 4.60 9 RUN

1:53:11 4.62 10 STEP 1

1:53:14 4.64 10 STEP 1

1:53:17 4.66 10 STEP 1  

Time RM Habitat Habitat HM Unit

1:53:20 4.68 10 STEP 1

1:53:23 4.70 10 STEP 1

1:53:26 4.73 10 STEP 1

1:53:29 4.75 12 MCP 2

1:53:32 4.77 12 MCP 2

1:53:35 4.79 7 LGR 3

1:53:38 4.81 12 MCP 3

1:53:41 4.83 6 HGR 4

1:53:44 4.85 7 LGR 5

1:53:47 4.87 7 LGR 5

1:53:50 4.89 9 RUN 8

1:53:53 4.91 8 GLI 9

1:53:56 4.93 9 RUN 9

1:53:59 4.95 10 STEP 10

1:54:02 4.97 12 MCP 11

1:54:05 4.99 12 MCP 11

1:54:08 5.01 7 LGR 12

1:54:11 5.03 8 GLI 13

1:54:14 5.05 8 GLI 13

1:54:17 5.07 7 LGR 14

1:54:20 5.09 7 LGR 14

1:54:23 5.11 9 RUN 15

1:54:26 5.13 12 MCP 16

1:54:29 5.15 12 MCP 16

1:54:32 5.18 12 MCP 17

1:54:35 5.20 12 MCP 18

1:54:38 5.22 10 STEP 19

1:54:41 5.24 12 MCP 20

1:54:44 5.26 9 RUN 22

1:54:47 5.28 12 MCP 23

1:54:50 5.30 4 RAP 24

1:54:53 5.32 18 SPLIT

1:54:56 5.34 18 SPLIT

1:54:59 5.36 11 POW 26

1:55:02 5.38 11 POW 26

1:55:05 5.40 6 HGR 27

1:55:08 5.43 6 HGR 27

1:55:11 5.45 6 HGR 27

1:55:14 5.48 12 MCP 28

1:55:17 5.51 12 MCP 28

1:55:20 5.53 12 MCP 28

1:55:23 5.56 12 MCP 28

1:55:26 5.59 12 MCP 28

1:55:29 5.61 9 RUN 29

1:55:32 5.64 12 MCP 30

1:55:35 5.67 12 MCP 30

1:55:38 5.69 14 TRP 30

1:55:41 5.72 2 CAS

1:55:44 5.75 2 CAS

1:55:47 5.78 9 RUN

1:55:50 5.80 12 MCP

1:55:53 5.83 12 MCP

1:55:56 5.86 4 RAP

1:55:59 5.88 6 HGR

1:56:02 5.91 12 MCP

1:56:05 5.94 6 HGR

1:56:08 5.96 10 STEP

1:56:11 5.99 6 HGR

1:56:14 6.02 9 RUN

1:56:17 6.04 13 LAP

1:56:20 6.07 13 LAP

1:56:23 6.10 14 TRP

1:56:26 6.12 14 TRP

1:56:29 6.15 9 RUN

1:56:32 6.17 12 MCP

1:56:35 6.19 12 MCP

1:56:38 6.21 6 HGR

1:56:41 6.22 12 MCP

1:56:44 6.24 12 MCP

1:56:47 6.26 9 RUN

1:56:50 6.28 17 OOV

1:56:53 6.30 17 OOV

1:56:56 6.32 18 SPLIT

1:56:59 6.33 18 SPLIT

1:57:02 6.35 18 SPLIT

1:57:05 6.37 8 GLI

1:57:08 6.39 7 LGR

1:57:11 6.41 7 LGR

1:57:14 6.43 8 GLI

1:57:17 6.44 7 LGR

1:57:20 6.46 8 GLI

1:57:23 6.48 17 OOV SPLIT

1:57:26 6.50 17 OOV SPLIT

1:57:29 6.52 7 LGR SPLIT

1:57:32 6.54 12 MCP SPLIT

1:57:35 6.56 10 STEP SPLIT

1:57:38 6.57 17 OOV SPLIT

1:57:41 6.59 2 CAS SPLIT

1:57:44 6.61 12 MCP SPLIT

1:57:47 6.63 9 RUN SPLIT

1:57:50 6.65 17 OOV SPLIT

1:57:53 6.67 17 OOV SPLIT

1:57:56 6.68 8 GLI SPLIT

1:57:59 6.70 12 MCP SPLIT

1:58:02 6.72 9 RUN SPLIT

1:58:05 6.74 9 RUN SPLIT

1:58:08 6.76 7 LGR SPLIT

1:58:11 6.78 12 MCP SPLIT

1:58:14 6.79 12 MCP SPLIT

1:58:17 6.81 7 LGR SPLIT

1:58:20 6.83 17 OOV SPLIT

1:58:23 6.85 9 RUN SPLIT

1:58:26 6.87 13 LAP SPLIT

1:58:29 6.89 13 LAP SPLIT

1:58:32 6.91 9 RUN SPLIT  
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Middle Yuba River – Habitat Mapping – Video based – From North Yuba/Middle Yuba Junction to Our House Dam (cont) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Time RM Habitat Habitat HM Unit

1:58:35 6.92 12 MCP SPLIT

1:58:38 6.94 6 HGR SPLIT

1:58:41 6.96 9 RUN

1:58:44 6.98 6 HGR

1:58:47 7.00 6 HGR

1:58:50 7.02 6 HGR

1:58:53 7.03 10 STEP

1:58:56 7.05 7 LGR

1:58:59 7.07 7 LGR

1:59:02 7.09 13 LAP

1:59:05 7.11 13 LAP

1:59:08 7.13 4 RAP

1:59:11 7.14 17 OOV

1:59:14 7.16 18 SPLIT

1:59:17 7.18 12 MCP

1:59:20 7.20 12 MCP

1:59:23 7.23 6 HGR

1:59:26 7.25 10 STEP

1:59:29 7.28 18 SPLIT

1:59:32 7.30 9 RUN

1:59:35 7.33 9 RUN

1:59:38 7.35 12 MCP

1:59:41 7.38 6 HGR

1:59:44 7.40 18 SPLIT

1:59:47 7.43 12 MCP

1:59:50 7.45 7 LGR

1:59:53 7.48 7 LGR

1:59:56 7.50 8 GLI

1:59:59 7.53 13 LAP

2:00:02 7.55 4 RAP

2:00:05 7.58 17 OOV SPLIT

2:00:08 7.60 9 RUN SPLIT

2:00:11 7.63 13 LAP SPLIT

2:00:14 7.65 17 OOV SPLIT

2:00:17 7.68 6 HGR SPLIT

2:00:20 7.70 7 LGR SPLIT

2:00:23 7.73 17 OOV SPLIT

2:00:26 7.75 7 LGR SPLIT

2:00:29 7.78 7 LGR SPLIT

2:00:32 7.80 9 RUN SPLIT

2:00:35 7.83 7 LGR SPLIT

2:00:38 7.85 10 STEP SPLIT

2:00:41 7.88 18 SPLIT

2:00:44 7.90 13 LAP

2:00:47 7.93 13 LAP

2:00:50 7.95 13 LAP

2:00:53 7.98 10 STEP

2:00:56 8.00 7 LGR

2:00:59 8.03 8 GLI

2:01:02 8.05 12 MCP

2:01:05 8.08 12 MCP

2:01:08 8.10 10 STEP

2:01:11 8.12 10 STEP

2:01:14 8.14 7 LGR

2:01:17 8.16 7 LGR

2:01:20 8.18 12 MCP

2:01:23 8.21 9 RUN

2:01:26 8.23 7 LGR

2:01:29 8.25 7 LGR

2:01:32 8.27 9 RUN

2:01:35 8.29 12 MCP

2:01:38 8.31 9 RUN

2:01:41 8.33 12 MCP

2:01:44 8.35 4 RAP

2:01:47 8.37 9 RUN

2:01:50 8.39 9 RUN

2:01:53 8.42 18 SPLIT

2:01:56 8.44 7 LGR

2:01:59 8.46 7 LGR

2:02:02 8.48 12 MCP

2:02:05 8.50 12 MCP

2:02:08 8.52 6 HGR

2:02:11 8.54 6 HGR

2:02:14 8.56 7 LGR

2:02:17 8.58 9 RUN

2:02:20 8.61 7 LGR

2:02:23 8.63 12 MCP

2:02:26 8.65 7 LGR

2:02:29 8.67 9 RUN

2:02:32 8.69 7 LGR

2:02:35 8.71 7 LGR

2:02:38 8.73 9 RUN

2:02:41 8.75 12 MCP

2:02:44 8.77 4 RAP

2:02:47 8.79 2 CAS

2:02:50 8.82 10 STEP

2:02:53 8.84 12 MCP

2:02:56 8.86 12 MCP

2:02:59 8.88 9 RUN

2:03:02 8.90 17 OOV

2:03:05 8.92 13 LAP

2:03:08 8.94 13 LAP

2:03:11 8.96 8 GLI

2:03:14 8.98 9 RUN

2:03:17 9.00 12 MCP

2:03:20 9.02 12 MCP

2:03:23 9.04 12 MCP

2:03:26 9.06 12 MCP

2:03:29 9.08 9 RUN

2:03:32 9.10 12 MCP

2:03:35 9.12 14 TRP

2:03:38 9.14 17 OOV

2:03:41 9.16 17 OOV

2:03:44 9.18 12 MCP

2:03:47 9.20 12 MCP  

Time RM Habitat Habitat HM Unit

2:03:50 9.22 12 MCP

2:03:53 9.24 12 MCP

2:03:56 9.26 5 SHT

2:03:59 9.28 12 MCP

2:04:02 9.30 14 TRP

2:04:05 9.32 14 TRP

2:04:08 9.34 4 RAP

2:04:11 9.36 12 MCP

2:04:14 9.38 9 RUN

2:04:17 9.40 12 MCP

2:04:20 9.42 12 MCP

2:04:23 9.44 4 RAP

2:04:26 9.46 14 TRP

2:04:29 9.48 14 TRP

2:04:32 9.50 9 RUN

2:04:35 9.52 14 TRP

2:04:38 9.54 14 TRP

2:04:41 9.56 4 RAP

2:04:44 9.58 4 RAP

2:04:47 9.60 9 RUN

2:04:50 9.62 14 TRP

2:04:53 9.64 9 RUN

2:04:56 9.66 14 TRP

2:04:59 9.68 14 TRP

2:05:02 9.70 6 HGR

2:05:05 9.72 14 TRP

2:05:08 9.74 2 CAS

2:05:11 9.76 2 CAS

2:05:14 9.78 12 MCP

2:05:17 9.80 6 HGR

2:05:20 9.82 4 RAP

2:05:23 9.84 10 STEP

2:05:26 9.86 12 MCP

2:05:29 9.88 6 HGR

2:05:32 9.90 9 RUN

2:05:35 9.92 12 MCP

2:05:38 9.94 6 HGR

2:05:41 9.96 6 HGR

2:05:44 9.98 9 RUN

2:05:47 10.00 9 RUN

2:05:50 10.02 12 MCP

2:05:53 10.04 12 MCP

2:05:56 10.06 12 MCP

2:05:59 10.08 4 RAP

2:06:02 10.10 6 HGR

2:06:05 10.12 7 LGR

2:06:08 10.14 14 TRP

2:06:11 10.16 14 TRP

2:06:14 10.18 14 TRP

2:06:17 10.20 12 MCP

2:06:20 10.22 12 MCP

2:06:23 10.24 12 MCP

2:06:26 10.26 2 CAS

2:06:29 10.28 12 MCP

2:06:32 10.30 12 MCP

2:06:35 10.32 12 MCP

2:06:38 10.34 12 MCP

2:06:41 10.36 12 MCP

2:06:44 10.38 6 HGR

2:06:47 10.40 9 RUN

2:06:50 10.42 9 RUN

2:06:53 10.44 12 MCP

2:06:56 10.46 7 LGR

2:06:59 10.48 7 LGR

2:07:02 10.50 9 RUN

2:07:05 10.52 7 LGR

2:07:08 10.54 7 LGR

2:07:11 10.56 8 GLI

2:07:14 10.58 12 MCP

2:07:17 10.60 6 HGR

2:07:20 10.62 11 POW

2:07:23 10.64 7 LGR

2:07:26 10.66 9 RUN

2:07:29 10.68 7 LGR

2:07:32 10.70 9 RUN

2:07:35 10.72 7 LGR

2:07:38 10.74 12 MCP

2:07:41 10.76 7 LGR

2:07:44 10.78 12 MCP

2:07:47 10.80 12 MCP POOL

2:07:50 10.82 12 MCP

2:07:53 10.84 4 RAP

2:07:56 10.87 13 LAP

2:07:59 10.89 13 LAP

2:08:02 10.91 6 HGR SWS41

2:08:05 10.93 18 SPLIT SWS40

2:08:08 10.95 5 SHT SWS40

2:08:11 10.97 17 OOV SWS39

2:08:14 11.00 17 OOV SWS38

2:08:17 11.02 12 MCP SWS36

2:08:20 11.04 12 MCP SWS36

2:08:23 11.06 12 MCP SWS36

2:08:26 11.08 9 RUN SWS35

2:08:29 11.10 12 MCP SWS33

2:08:32 11.13 4 RAP

2:08:35 11.15 6 HGR SWS32

2:08:38 11.17 7 LGR SWS30

2:08:41 11.19 18 SPLIT SWS29

2:08:44 11.21 9 RUN SWS28

2:08:47 11.23 7 LGR SWS27

2:08:50 11.26 12 MCP SWS26

2:08:53 11.28 12 MCP SWS26

2:08:56 11.30 13 LAP SWS26

2:08:59 11.33 10 STEP SWS59

2:09:02 11.35 7 LGR SWS25  

Time RM Habitat Habitat HM Unit

Distance

2:09:05 11.38 9 RUN SWS24

2:09:08 11.40 12 MCP SWS24

2:09:11 11.43 6 HGR SWS22

2:09:14 11.45 14 TRP SWS21

2:09:17 11.48 14 TRP SWS21

2:09:20 11.50 14 TRP SWS20

2:09:23 11.53 14 TRP SWS19

2:09:26 11.55 2 CAS SWS18

2:09:29 11.58 9 RUN SWS17

2:09:32 11.60 12 MCP 1/SWS16

2:09:35 11.63 17 OOV SWS16

2:09:38 11.65 12 MCP 1/SWS16

2:09:41 11.68 2 CAS 2/SWS15

2:09:44 11.70 9 RUN 3/SWS14

2:09:47 11.73 18 SPLIT SWS13 (lgr/hgr/bw)

2:09:50 11.75 9 RUN 5/SWS11

2:09:53 11.78 13 LAP 6/SWS11

2:09:56 11.80 7 LGR 7/SWS10

2:09:59 11.83 6 HGR 8/SWS10

2:10:02 11.85 12 MCP 9/SWS9

2:10:05 11.88 9 RUN 12/SWS7

2:10:08 11.90 12 MCP 13/SWS5

2:10:11 11.93 2 CAS 14/SWS4

2:10:14 11.95 12 MCP 16/SWS2

2:10:17 11.98 POOL BELOW OUR House

2:10:20 12.00 OUR House DAM  
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Middle Yuba River – Habitat Mapping Units using video-mapped data. 
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Habitat Mapping Unit 1 – Pocket Water Habitat Mapping Unit 3 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 4 – Pocket Water Habitat Mapping Unit 5 – Falls 

 

  
Habitat Mapping Unit 6 – Mid-Channel Pool Habitat Mapping Unit 7 – Pocket Water 

 

  
Habitat Mapping Unit 8 –Mid-Channel Pool Habitat Mapping Unit 9 – Pocket Water 
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Habitat Mapping Unit 10 – Falls Habitat Mapping Unit 11 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 12 –High Gradient Riffle Habitat Mapping Unit 13 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 14 – Step-Run Habitat Mapping Unit 15 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 17 –Falls Habitat Mapping Unit 18 –Mid-Channel Pool 
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Habitat Mapping Unit 19 – Pocket Water Habitat Mapping Unit 20 – Mid-Channel Pool 
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Habitat Mapping Unit 1 – Pocket Water Habitat Mapping Unit 2 – High Gradient Riffle 

 

  
Habitat Mapping Unit 3 – Mid-Channel Pool Habitat Mapping Unit 4 – Rapids 

 

  
Habitat Mapping Unit 5 – Step-Run Habitat Mapping Unit 6 – High Gradient Riffle 

 

  
Habitat Mapping Unit 7 – Mid-Channel Pool Habitat Mapping Unit 8 – Low Gradient Riffle 
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Habitat Mapping Unit 9 – Step-Runs Habitat Mapping Unit 10 – Cascade 

 

  
Habitat Mapping Unit 11 –Mid-Channel Pool Habitat Mapping Unit 12 – Mid-Channel Pool 

 

 

 

Habitat Mapping Unit 13 – Rapid  
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NorthYuba River – Ground-based and Video-based Habitat Mapping Data 

Stream: North Yuba Date: 9/14 & 9

Reach: > MY jntn and < Bullards Bar Percent

Date

Section 

Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting

Post-Field 

Changes Comments

9/14/2009 NY above MY jnction 1 POW 132 132 0.20 71.5 BLDR BLD GRV BLD 2 N nowhere to tie N

DTA1 1381 base, 

1382 LDS N 105 48 660393 4359384

In bedrock canyon HUGE medsed boulders provide lots of cover over 

water, photo descriptions: DTA1 1382 - backwater pool where Middle 

Yuba meets N. Yuba LDS from hab 1, DTA1 1383 - same photos with 

Gaea (for scale), DTA1 1384 - ART!

9/14/2009 NY above MY jnction 2 LGR 36 168 0.23 22 BLDR BLD COB BLD 1 N N N 49 24

Difficult to see what hab feature, as large boulders cover most water 

surface.

9/14/2009 NY above MY jnction 3 MCP 108 276 0.25 56 2.4 6 0 BLDR COB BLD BED 2 N N DTA1 1385 N 16 16 lots of gravels but mostly too deep

9/14/2009 NY above MY jnction 4 POW 72 348 0.27 41 BLDR BLD COB BLD 2 N N DTA1 1386 N 8 4

Ambiguous due to minor side channel (LBA), very heterogenous, flow 

deposition and low flow - NOT MODELABLE

9/14/2009 NY above MY jnction 5 FALL 7 355 0.27 50 BLDR BLD COB BLD 1 Y top N DTA1 1387 y 660301 4359431 6' permanent barrier UTM: 0660301/ 4359431

9/14/2009 NY above MY jnction 6 MCP 132 487 0.29 65 2.9 6 0 BLDR BLD COB BED 2 Y base N DTA1 1388 N 8 6 660294 4359449

9/14/2009 NY above MY jnction 7 POW 190 677 0.33 38.67 BLDR BLD COB BED 1 N N DTA1 1389 N 3 2 punctuated by short steps

9/14/2009 NY above MY jnction 8 MCP 108 785 0.35 55 3.1 6 0 BLDR BLD COB BED 2 N N DTA1 1390 N 75 72 pocket water at tail, head is pocket water

9/14/2009 NY above MY jnction 9 POW 143 928 0.38 38 BLDR BLD COB BED 1 N N DTA1 1391 N 27 9

9/14/2009 NY above MY jnction 10 FALL 30 958 0.38 75 BLDR BLD BLD BED 1 Y top N DTA1 1392 Y 660113 4359512

split channel, 6' permanent barrier (Barrier UTM: 0660113/ 4359512), 

bank substrate half boulder half bedrock.

9/14/2009 NY above MY jnction 11 MCP 68 1026 0.39 45 2.25 4.5 0 BLDR BLD COB BLD 1 Y base N DTA1 1393 N 660113 4359512 subsurface flow side channel LBA

9/14/2009 NY above MY jnction 12 HGR 27 1053 0.40 30 BLDR BLD BLD BLD 1 N N DTA1 1394 N 2 2

8% gradient, non-modelable, though short step at base may get 

transect.

9/14/2009 NY above MY jnction 13 MCP 80 1133 0.41 40.67 2.6 5.5 0 BLDR BLD COB BLD 1 N N DTA1 1395 N

9/14/2009 NY above MY jnction 14 STEP 109 1242 0.44 39.33 BLDR BLD COB BLD 1 N N DTA1 1396 N step-run, riffle-like @ base, 4% gradient

9/14/2009 NY above MY jnction 15 MCP 91 1333 0.45 36.67 2.1 4.75 0 BLDR BLD COB BLD 2 Y top N DTA1 1397 N dead fish about 7", photo: DTA1 1398

9/14/2009 NY above MY jnction 16 MCP 70 1403 0.47 27.33 1.8 3.25 0 BLDR BLD GRV BLD 1 Y base N DTA1 1399 N 12 10 660040 4359537

riffle crest and residual depth meet, size of pool meets minimum 

required for pool

9/14/2009 NY above MY jnction 17 FALL 26 1429 0.47 73 BLDR BLD BLD BLD 1 N N DTA1 1400 Y

SPLIT into at least 3 channels, 4' permanent barrier within 100' of last 

UTM at base of unit 16.

9/14/2009 NY above MY jnction 18 MCP 233 1662 0.51 75.33 4 6 0 BLDR BLD COB BLD 2 N N DTA1 1401 N laden with algae

9/14/2009 NY above MY jnction 19 POW 150 1812 0.54 57.5 BLDR BLD COB BLD 1 N N DTA1 1403 1 1 N

9/14/2009 NY above MY jnction 20 MCP 104 1916 0.56 59.33 2.6 5 BLDR BLD COB BLD 2 Y top N DTA1 1404, 1405 N 659920 4359584

END, #19 & #20 start same pattern as seen #1 - #10, post 20 - goes 

back to POW + as seen #1-#10 downstream.

0:39:25 video mapping POW 0.58

0:39:28 video mapping POW 0.60

0:39:31 video mapping MCP 0.62

0:39:34 video mapping MCP 0.64

0:39:37 video mapping MCP 0.66

0:39:40 video mapping POW 0.68

0:39:43 video mapping MCP 0.70

0:39:46 video mapping POW 0.72

0:39:49 video mapping POW 0.74

0:39:52 video mapping POW 0.76

0:39:55 video mapping POW 0.78

0:39:58 video mapping MCP 0.80

0:40:01 video mapping HGR 0.82

0:40:04 video mapping POW 0.84

0:40:07 video mapping MCP 0.86

0:40:10 video mapping MCP 0.87

0:40:13 video mapping TRP 0.89

0:40:16 video mapping POW 0.91

0:40:19 video mapping POW 0.93

0:40:22 video mapping MCP 0.95

0:40:25 video mapping MCP 0.97

0:40:28 video mapping MCP 0.99

0:40:31 video mapping LGR 1.01

0:40:34 video mapping LGR 1.03

0:40:37 video mapping MCP 1.05

0:40:40 video mapping RUN 1.07

0:40:43 video mapping POW 1.09

0:40:46 video mapping LGR 1.11

0:40:49 video mapping LGR 1.13

0:40:52 video mapping POW 1.15

0:40:55 video mapping MCP 1.17

0:40:58 video mapping HGR 1.19

0:41:13 video mapping POW 1.21

0:41:25 video mapping MCP 1.23

0:41:28 video mapping MCP 1.24

0:41:31 video mapping MCP 1.26

0:41:34 video mapping MCP 1.28

0:41:37 video mapping POW 1.30

10/17/2009 NY below Bullards Bar 13 RAP 222 222 1.30 65.33 BLDR BLD BED BLD 2 n nothing to flag GB 348 n 659961 4360489 2.5 gradient, stepped but with standing waves, garter snake.

10/17/2009 NY below Bullards Bar 12 MCP 212 434 1.34 72.5 6 10 BLDR BLD BED BLD 2 n GB 347 LDS n 100 100 probably greater than 10' deep.   

10/17/2009 NY below Bullards Bar 11 MCP 264 698 1.39 73.67 6 10 BLDR BLD BED BLD 2 y at top GB 346 LDS n 100 100 660041 4360972 probably greater than 10' deep.  Mid pool control divides into 2 pools.

10/17/2009 NY below Bullards Bar 10 CAS 22 720 1.39 55 BLDR BLD BED BLD 2 y at base GB 344 n 660041 4360972 ~4' deep overall

10/17/2009 NY below Bullards Bar 9 STEP 379 1099 1.47 75.5 BLDR BLD BED BLD 2 n GB 342 LDS, 343 n pools are 6' deep throughout step run (step - pools)

10/17/2009 NY below Bullards Bar 8 LGR 188 1287 1.50 107.33 BLDR BLD BED BLD 2 n GB 340 n 6 6 1% gradient

10/17/2009 NY below Bullards Bar 7 MCP 241 1528 1.55 102.33 6 10 BLDR BLD BED BLD 2 n GB 339 n

10/17/2009 NY below Bullards Bar 6 HGR 124 1652 1.57 73.5 BLDR BLD BED BLD 2 y at top GB 338 n no satellite no satellite 5% gradient

10/17/2009 NY below Bullards Bar 5 STEP 151 1803 1.60 113.5 BLDR BLD BED BLD 2 y GB 337 n 2 steps with 2 different water levels

10/17/2009 NY below Bullards Bar 4 RAP 556 2359 1.70 97.6 4.25 BLDR BLD BED BLD 2 n GB 335 n 3% gradient

10/17/2009 NY below Bullards Bar 3 MCP 500 2859 1.80 170.67 6 15 BLDR BED BLD BLD 2 n GB 334 n probably greater than 15' deep

10/17/2009 NY below Bullards Bar 2 HGR 304 3163 1.86 95 BLDR BLD BED BLD 2 n

GB 351, 352 

LUS, 353 falls n  Gradient 5%, top is run-like.

10/17/2009 NY below Bullards Bar 1B LGR 175 3338 1.89 50 BLDR BLD BED BLD 1% gradient

10/17/2009 NY below Bullards Bar 1A MCP 683 4021 2.02 139 6 10 BLDR BED BLD BED 2 y at base GB 354, 355, 356 y 659861 4361878

>> deep 20' pool below dam ends in a weir (8') that makes a waterfall in 

HGR. 

Parent Material:

Map Gradient (%):

Mesozoic rocks of the 

Smartville Complex
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Stream: North Yuba

Reach: > MY jntn and < Bullards Bar

Table 1a. Summary Statistics - Mapped Units Table 2. Stream Cover 

Unit Type

Total 

Length (ft)

Length Rel 

Frequency Number

Number of 

Units 

(frequency)

Average 

width (ft)

Average 

pool depth 

(ft)

Average 

maximum 

pool depth 

(ft)

Average pooltail 

embeddedness 

(%)

Dominant 

Cover Type Number

Relative 

Frequency

Fall 63 1.1% 3 8.8% 66.0 Insignificant 0

Cascade 22 0.4% 1 2.9% 55.0 Boulder 34 100%

Chute Vegetation 0

Rapid 778 13.1% 2 5.9% 81.5 Wood 0

High Gradient Riffle 455 7.7% 3 8.8% 66.2 SUM 34 100%

Low Gradient Riffle 399 6.7% 3 8.8% 59.8 QC OK

Glide

Run Table 3.  Reach Summary

Step Run 639 10.8% 3 8.8% 76.1 Total Reach Length: 2.13 mi.

Pocket Water 687 11.6% 5 14.7% 49.3 Total Mapped Length: 1.12 mi. 52.8% mapped

Sheet Average Bankfull Width: 70.0 ft. 0.00 mi. charac

Convergance Pool Bankfull Depth: 3.5 ft. 52.79% Total m & c

Mid-Channel Pool 2894 48.7% 14 41.2% 72.7 3.8 7.3 Width:Depth: 20

Lateral Scour Pool Flood Prone Width: 0 ft.

Trench Pool Entrenchment Ratio: 0.0

Plunge Pool Total Spawnable Gravel: 511 ft2 - trout

TOTAL 5937 100.0% 34 100.0% 70.0 3.8 7.3 #DIV/0! Avg Largest Patch Size: 31 ft2 - trout

QC 0 Weighted LWD Density: 1 / mile (bankful)

Average Wetted LWD Density: 1 / mile (wetted width)

By Length (ft) Parent Material: Mesozoic rocks of the Smartville Complex

Bank Erosion % of Reach: 0.0%

Tot No. Passage Barriers: 4  

Total 

Length (ft)

Length Rel 

Frequency

Total 

Length (ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Bedrock 1183 19.9% 2838 47.8% 1394 23.5% 0

Boulder 4646 78.3% 1374 23.1% 4543 76.5% 0

Cobble 108 1.8% 1523 25.7% 0 0

Gravel 0 202 3.4% 0 0

Sand 0 0 0 0

Silt 0 0 0 0

SUM 5937 100.0% 5937 100.0% 5937 100.0% 0 0.0%

Dominant Substrate Bank Substrate ErosionBank SubstrateSubdominant Substrate

 
Table 4.  Reach Summary  - Substrate and Bank Characteristics 
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Habitat Mapping Unit 1 – High Gradient Riffle Habitat Mapping Unit 2 – Step-Run 

 

  
Habitat Mapping Unit 3 –Mid-Channel Pool Habitat Mapping Unit 4 – Step-Run 

 

  
Habitat Mapping Unit 5 – Low Gradient Riffle Habitat Mapping Unit 6 – Pocket Water 

 

 

 

Habitat Mapping Unit 7 – Mid-Channel Pool  
 
 
 



 

  
Habitat Mapping Unit 8 – Pocket Water Habitat Mapping Unit 9 – Pocket Water 

 

  
Habitat Mapping Unit 10 –Mid-Channel Pool Habitat Mapping Unit 11 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 12 – Pocket Water Habitat Mapping Unit 13 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 14 – Cascade Habitat Mapping Unit 15 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 16 – High Gradient Riffle Habitat Mapping Unit 17 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 18 – Pocket Water Habitat Mapping Unit 19 – Pocket Water 

 

  
Habitat Mapping Unit 20 – Mid-Channel Pool Habitat Mapping Unit 21 – Cascade/eroding bank 

 

  
Habitat Mapping Unit 23 – Low Gradient Riffle Habitat Mapping Unit 24 - Glide 

 



 

  
Habitat Mapping Unit 25 – Low Gradient Riffle Habitat Mapping Unit 26 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 36 – Plunge Pool Habitat Mapping Unit 37 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 38 – Sheetflow Habitat Mapping Unit 39 – Falls 

 

  
Habitat Mapping Unit 40 – Pocket Water Habitat Mapping Unit 41 – Mid-Channel Pool 



 

  
Habitat Mapping Unit 42 – Plunge Pool Habitat Mapping Unit 43 – Falls 

 

  
Habitat Mapping Unit 44 – Plunge Pool Habitat Mapping Unit 45 – Falls 

 

  
Habitat Mapping Unit 46 – Plunge Pool Habitat Mapping Unit 47 – Falls 

 

  
Habitat Mapping Unit 48 – Mid-Channel Pool Habitat Mapping Unit 49 – Run 

  
 
 



 

  
Habitat Mapping Unit 50 – Pocket Water Habitat Mapping Unit 51 – Plunge Pool 

 

  
Habitat Mapping Unit 52 – Mid-Channel Pool Habitat Mapping Unit 77 – Chute 

 

  
Habitat Mapping Unit 78 – Mid-Channel Pool Habitat Mapping Unit 79 – Chute 

 

  
Habitat Mapping Unit 80 – Cascade Habitat Mapping Unit 81 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 82 – Chute Habitat Mapping Unit 83 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 84 – Cascade Habitat Mapping Unit 85 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 86 – Chute Habitat Mapping Unit 87 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 88 – Falls Habitat Mapping Unit 90 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 91 – Pocket Water Habitat Mapping Unit 92 – Step-Run 

 

  
Habitat Mapping Unit 93 – Mid-Channel Pool Habitat Mapping Unit 95 – Lateral Pool 

 

  
Habitat Mapping Unit 96 – Low Gradient Riffle Habitat Mapping Unit 97 – Glide 

 

  
Habitat Mapping Unit 98 – Low Gradient Riffle Habitat Mapping Unit 99 – Glide 

 



 

  
Habitat Mapping Unit 100 – Lateral Pool Habitat Mapping Unit 101 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 102 – Glide Habitat Mapping Unit 103 – :Low Gradient Riffle 

 

  
Habitat Mapping Unit 104 – Glide Habitat Mapping Unit 105 – Pocket Water 

 

  
Habitat Mapping Unit 106 – Mid-Channel Pool Habitat Mapping Unit 107 – Pocket Water 

 



 

  
Habitat Mapping Unit 134 – Mid-Channel Pool Habitat Mapping Unit 146 – Step-Run 

 

  
Habitat Mapping Unit 148 – Mid-Channel Pool Habitat Mapping Unit 149 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 154 – High Gradient Riffle Habitat Mapping Unit 155 – Step-Run 

 

  
Habitat Mapping Unit 159 – Pocket Water Habitat Mapping Unit 166 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 167 – Step-Run Habitat Mapping Unit 169 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 171 – Mid-Channel Pool Habitat Mapping Unit 172 – Glide 

 

  
Habitat Mapping Unit 173 – Low Gradient Riffle Habitat Mapping Unit 174 – Glide 

 

  
Habitat Mapping Unit 175 – Mid-Channel Pool Habitat Mapping Unit 176 – Low Gradient Riffle 

 



 

  
Habitat Mapping Unit 177 – Mid-Channel Pool Habitat Mapping Unit 204 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 207 – Low Gradient Riffle Habitat Mapping Unit 208 – Run 

 

  
Habitat Mapping Unit 214 – High Gradient Riffle Habitat Mapping Unit 217 – Pocket Water 

 

  
Habitat Mapping Unit 222 – Mid-Channel Pool Habitat Mapping Unit 223 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 225 – Pocket Water Habitat Mapping Unit 226 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 227 – Run Habitat Mapping Unit 228 – High Gradient Riffle 

 

  
Habitat Mapping Unit 229 – Mid-Channel Pool Habitat Mapping Unit 230 – Cascade 

 

  
Habitat Mapping Unit 231 – Low Gradient Riffle Habitat Mapping Unit 232 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 234 – Pocket Water Habitat Mapping Unit 235 – Step-Run 

 

  
Habitat Mapping Unit 236 – Low Gradient Riffle Habitat Mapping Unit 237 – Pocket Water 

 

  
Habitat Mapping Unit 238 – Low Gradient Riffle Habitat Mapping Unit 239 – Run 

 

  
Habitat Mapping Unit 240 – Low Gradient Riffle Habitat Mapping Unit 241 – Run 

 



 

  
Habitat Mapping Unit 242 – Mid-Channel Pool Habitat Mapping Unit 243 – High Gradient Riffle 

 

  
Habitat Mapping Unit 244 – Low Gradient Riffle Habitat Mapping Unit 245 – Run 

 

  
Habitat Mapping Unit 246 – Low Gradient Riffle Habitat Mapping Unit 250 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 253 – Low Gradient Riffle Habitat Mapping Unit 254 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 260 – Mid-Channel Pool Habitat Mapping Unit 261 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 263 – Falls Habitat Mapping Unit 264 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 266 – Falls Habitat Mapping Unit 267 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 268 – Mid-Channel Pool Habitat Mapping Unit 269 – High Gradient Riffle 

 



 

  
Habitat Mapping Unit 270 – Pocket Water Habitat Mapping Unit 271 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 272 – Mid-Channel Pool Habitat Mapping Unit 273 – High Grade Riffle 

 

  
Habitat Mapping Unit 274 – Run Habitat Mapping Unit 275 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 276 – Step-Run Habitat Mapping Unit 277 – Run 

 



 

  
Habitat Mapping Unit 278 – Low Gradient Riffle Habitat Mapping Unit 279 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 280 – Run Habitat Mapping Unit 281 – Cascade 

 

  
Habitat Mapping Unit 282 – Mid-Channel Pool 

(backwater from weir) 
Habitat Mapping Unit 283 – Low Gradient Riffle 

 

  
Habitat Mapping Unit 284 – Run Habitat Mapping Unit 285 – Mid-Channel Pool 

 



 

  
Habitat Mapping Unit 286 – Low Gradient Riffle Habitat Mapping Unit 287 – Mid-Channel Pool 

 

  
Habitat Mapping Unit 288 – Low Gradient Riffle Habitat Mapping Unit 289 –Plunge Pool at base of 

Log Cabin Dam 
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Oregon Creek – Ground-based Habitat Mapping Data 

Stream: Oregon Creek Date: 8/15/2009

Reach: 2.3%

Date Section Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting Post-Field Changes Comments

8/15/2009 OC jntn to CV Br 1 HGR 60 60 0.00 30 INSIGNIF COB BLD COB 5 3 N too public S.C. end

DTA1 1177 LDS, 

1178 0 0 N 0 0 0665014 4362378

S.C. begins 60' u/s from junction.  Begin at junction with M Yuba, 

6%HGR - transverse - NM

8/15/2009 OC jntn to CV Br 2 STEP 80 140 0.03 27 BLDR BLD COB BLD 20 3 N S.C. LBA DTA1 1179 0 0 N 0 0 S.C. LBA lots of flat pockets, modelable

8/15/2009 OC jntn to CV Br 3 MCP 36 176 0.03 17 2 1 1.75 0 VEG BLD COB COB 0 3 N DTA1 1180 1 1 N 0 0

temp logger casing returned to water, r.c. = max 1.8, area = 2m 2̂, 

barely meets

8/15/2009 OC jntn to CV Br 4 STEP 80 256 0.05 19.67 1.75 0 VEG BLD COB BLD 0 3 N S.C. begin @ bp DTA1 1181 0 0 N 1.5 1.5

short (10') sc pool near base, heavy blackberry, nm - too many steps 

transpose.

8/15/2009 OC jntn to CV Br 5 LGR 117 373 0.07 32.67 BLDR BLD COB BLD 0 3 N too public DTA1 1182 0 0 N 0 0 3.5% - M.(0.3 deg), 2" trout, small frog

8/15/2009 OC jntn to CV Br 6 POW 102 475 0.09 48.33 2 na BLDR BLD COB BLD 10 3 N DTA1 1183 0 0 N 26 6 0665074 4362464 S.C. holes around boulders, flat complex 3D flow, trail to car park

8/15/2009 OC jntn to CV Br 7 MCP 89 564 0.11 39.33 1 1.75 50 BLDR BLD COB BLD 0 3 N DTA1 1184 1 0 N 0 0 r.c. = 1' area > 2m 2̂, separated at 55' by mid control, short upper pool

8/15/2009 OC jntn to CV Br 8 POW 58 622 0.12 40 BLDR BLD COB BLD 0 1 N DTA1 1185 1 1 N 0 0

SPLIT between U8 and U9 107' STEP/HGR/POW (photos: 1186, 1187, 

1188)

8/15/2009 OC jntn to CV Br 9 POW 180 802 0.15 54.5 2.5 BLDR BLD GRV BLD 0 1 N DTA1 1189 0 0 N 68 56

in a series of steps, lms flat, separated by short boulder steps, split by 

boulder pile at upper end

8/15/2009 OC jntn to CV Br 10 MCP 108 910 0.17 34.33 3 1.5 3.5 50 BLDR BED BLD BLD 0 1 Y at top DTA1 1190 0 0 N 0 0 some sand ~10%, ~ 5 cm deep

8/15/2009 OC jntn to CV Br 11 MCP 41 951 0.18 31 1.25 3 na BLDR BLD BLD BED 0 1 N DTA1 1191 0 0 N 4 4 0665175 4362622 small mini pool @ base on LBA, sand 3x4 ~5 cm

8/15/2009 OC jntn to CV Br 12 POW 66 1017 0.19 31.67 BLDR BLD BED BED 0 1 N no (from top)

DTA1 1192, 1194 

LDS 0 0 N 0 0

8/15/2009 OC jntn to CV Br 13 MCP 63 1080 0.20 31 2.5 1.75 3.5 60 BLDR BLD COB BED 0 1 N DTA1 1193 1 0 N 0 0 lots of sand on banks represents high flow

8/15/2009 OC jntn to CV Br 14 CAS 40 1120 0.21 33 BLDR BLD COB BED 0 1 N DTA1 1195 0 0 N 9 9 9% gradient - CAS because pocket pools

8/15/2009 OC jntn to CV Br 15 MCP 48 1168 0.22 37 2 4.5 50 BLDR BLD COB BED 0 2 Y at top DTA1 1198 LDS 0 0 N 0 0

8/15/2009 OC jntn to CV Br 16 HGR 20 1188 0.23 25 BLDR BLD COB BED 0 1 Y at base DTA1 1196 0 0 N 0 0 0665223 4362687 13%, no pocket water

8/15/2009 OC jntn to CV Br 17 MCP 26 1214 0.23 24 1.5 3.75 50 BLDR BLD COB BED 0 1 N DTA1 1197 0 0 N 4 4 short but significant depth

8/15/2009 OC jntn to CV Br 18 POW 36 1250 0.24 20.67 BLDR BLD GRV BED 0 1 N DTA1 1199 0 0 N 5 4 spawn gravel patches with some sand

8/15/2009 OC jntn to CV Br 19 POW 54 1304 0.25 26.67 BLDR BLD COB BED 0 1 N DTA1 1200 LDS 0 0 N 0 0 short steps @ base and top

8/15/2009 OC jntn to CV Br 20 MCP 154 1458 0.28 21 1.75 3.5 50 BLDR BLD BED BED 0 2 Y at top

DTA1 1201, 1202 

LDS < top 1 1 N 0 0 2" fish, 4" brown, 2" fish

8/15/2009 OC jntn to CV Br 21 CAS 72 1530 0.29 24

DTA1 1203 at 

base

12% gradient, thin colluvial sandy soil over bedrock, undermine > failure, 

2" fish, pocket pools

8/15/2009 OC jntn to CV Br 22 MCP 57 1587 0.30 24 1.57

"Federal Mining claim over ch #2, ROCKPROPERTIES USA CAMC#" 

@ top.

8/15/2009 OC jntn to CV Br 23 LGR 30 1617 0.31 29 INSIGNIF GRV COB BLD 0 1 N DTA1 1204 0 0 N 29 20

spawning gravel embedded, Mining Claim trail to HWY 49, Photo 1205 

deleted

8/15/2009 OC jntn to CV Br 24 GLI 71 1688 0.32 29.5 1 INSIGNIF GRV SND 0 1 N

DTA1 1206 LDS < 

top 0 0 N 0 0 spawning gravel too embedded, small sc hole around boulder at base

8/15/2009 OC jntn to CV Br 25 LGR 63 1751 0.33 34 INSIGNIF GRV COB BLD 0 1 N DTA1 1207 0 0 N 0 0 gravel too embedded, top formed by dug-out minning debris

8/15/2009 OC jntn to CV Br 26 MCP 58 1809 0.34 32.5 3 7 BLDR BLD COB BED 0 2 N DTA1 1208 0 0 N 0 0 two 3" trout, max dep < digging; d/s control excavated water,

8/15/2009 OC jntn to CV Br 27 HGR 43 1852 0.35 25 CHARACTERZED UNITS 27 TO 36, S.C. starts - debries U-28.

8/15/2009 OC jntn to CV Br 28 HGR 80 1932 0.37 7% nm

8/15/2009 OC jntn to CV Br 29 POW 83 2015 0.38 46.5 lots of Indian Rhubarb

8/15/2009 OC jntn to CV Br 30 MCP 40 2055 0.39 44 2.5 0.75 r.c., sc <- LBD

8/15/2009 OC jntn to CV Br 31 CAS 49 2104 0.40 36 Y at top 0665457 4362829

8%, 2 degrees, Pockety therefore CAS, nm - too many splits, flag tied 

@ top 

8/15/2009 OC jntn to CV Br 32 POW 29 2133 0.40 30

8/15/2009 OC jntn to CV Br 33 MCP 150 2283 0.43 33.67 4 BLDR 18 18

tons of 2" fish, six 4" fish, long deep pool; boulder cover, some 

spawning gravel, pocket water at top

8/15/2009 OC jntn to CV Br 34 POW 27 2310 0.44 26

8/15/2009 OC jntn to CV Br 35 MCP 28 2338 0.44 23 2.5

8/15/2009 OC jntn to CV Br SPLIT CAS 158 2496 0.47 24.67 DTA1 1209 LUS

9% non-modelable, 3.3 degrees.  Frog - adult couln't identify - cream 

throat, black spots.  Considered CAS because pockets of depth and 

flat.

8/15/2009 OC jntn to CV Br SPLIT MCP 33 2529 0.48 25 2.75

MCP > LGR > top of split.  SPLIT begins at base of continues to top of 

U35.

8/15/2009 OC jntn to CV Br SPLIT LGR 58 2587 0.49

8/15/2009 OC jntn to CV Br SPLIT MCP 122 2709 0.51 3 fish 2" - 4"

8/15/2009 OC jntn to CV Br 36 PLP 61 2770 0.52 46 4 10 60 BLDR BED SND BED 0 2 y at base

DTA1 1210 LUS, 

1211 LUS 0 0 n 0 0 665476 4362988 4" trout sand on margin but not at max depth

8/15/2009 OC jntn to CV Br 37 MCP 65 2835 0.54 33 2 3.5 0 INSIGNIF BED BED BED 0 1 n DTA1 1212 LDS 0 0 n 0 0 Falls at base not a barrier, no sand

8/15/2009 OC jntn to CV Br 38 SHT 92 2927 0.55 30.25 INSIGNIF BED BED BED 0 1 n DTA1 1213 LUS 0 0 n 4 4

8/15/2009 OC jntn to CV Br 39 FALL 17 2944 0.56 66 BLDR BLD BED BED 0 1 n

DTA1 1214 RBA, 

1215 LBA 0 0 n 0 0 Falls height (min) LB = 2' RB = 1.5' :PERM

8/15/2009 OC jntn to CV Br 40 POW 43 2987 0.57 66 BLDR BLD COB BED 0 1 y at top DTA1 1216 LUS 0 0 n 0 0

8/15/2009 OC jntn to CV Br 41 MCP 51 3038 0.58 25 3 5 30 BLDR BLD COB BLD 0 2 y at base DTA1 1217 LUS 0 0 n 0 0 665452 4363062

8/15/2009 OC jntn to CV Br 42 PLP 71 3109 0.59 24.33 4 6 BLDR BLD BED BED 0 2 n DTA1 1218 0 0 n 0 0 separated from U41 by Bldr control, sand deep ~50%

8/15/2009 OC jntn to CV Br 43 FALL 13 3122 0.59 15 BLDR BLD BED BED 0 1 n

DTA1 1219 LBA > 

RBA 0 0 n 0 0

8/15/2009 OC jntn to CV Br 44 PLP 20 3142 0.60 15 3 4 BLDR BLD BED BED 0 1 n

DTA1 1220 @ top 

of U45 LDS > 

U44&45 0 0 n 0 0

8/15/2009 OC jntn to CV Br 45 FALL 10 3152 0.60 15 INSIGNIF BED BED BED 0 1 y at base 0 0 Y 0 0 BARRIER: 665419/ 4363109

8/15/2009 OC jntn to CV Br 46 PLP 65 3217 0.61 22.5 2 4.5 INSIGNIF BED GRV BED 0 2 y at base

DTA1 1222 >1225 

LUS 1 1 n 0 0 665448 4363098

8/15/2009 OC jntn to CV Br 47 FALL 10 3227 0.61 25 INSIGNIF BED BED BED 0 1 n

DTA1 1222 >1225 

LUS 0 0 Y 0 0 10' high, PERM

8/15/2009 OC jntn to CV Br 48 MPC 25 3252 0.62 31 1.5 3 BLDR BED BLD BED 0 1 n DTA1 1226 LUS 0 0 n 0 0

8/15/2009 OC jntn to CV Br 49 RUN 34 3286 0.62 11.5 BLDR BED BLD BED 0 1 n DTA1 1227 LUS 0 0 n 0 0

8/15/2009 OC jntn to CV Br 50 POW 54 3340 0.63 16.5 BLDR BLD COB BED 0 1 y at top DTA1 1228 0 0 n 0 0 665445 4363130 UTM +,- 46'

8/15/2009 OC jntn to CV Br 51 PLP 26 3366 0.64 11 2.5

DTA1 1229 <LBA 

> RBA

8/15/2009 OC jntn to CV Br 52 MCP 51 3417 0.65 16.5 5 DTA1 1230 LUS 3' Falls at base w/ 1/2 Fall 1/2 sheet

8/15/2009 OC jntn to CV Br 54 PLP 35 3452 0.65 11 4

8/15/2009 OC jntn to CV Br 55 CAS 52 3504 0.66 18 under boulders

8/15/2009 OC jntn to CV Br 56 MCP 53 3557 0.67 25 5

8/15/2009 OC jntn to CV Br 57 CAS 40 3597 0.68 32 14%, 5 degrees, under boulders

8/15/2009 OC jntn to CV Br 58 MCP 82 3679 0.70 33.33 3.5 run at top

8/15/2009 OC jntn to CV Br 59 MCP 69 3748 0.71 37 4 LBA ~0.01 cfs

Boulder/bedrock control separates U58 and U59, lots of fingerlings, trib 

enters LBA ~ 0.01cfs

8/15/2009 OC jntn to CV Br 60 POW 28 3776 0.72 25 y at base 665376 4363198 shallower, no bedrock

8/15/2009 OC jntn to CV Br 61 CAS 69 3845 0.73 25 12%, 3.6 deg

8/15/2009 OC jntn to CV Br 62 MCP 27 3872 0.73 31 4

8/15/2009 OC jntn to CV Br 63 MCP 18 3890 0.74 25 3 separated < 62 by short 2' step

8/15/2009 OC jntn to CV Br 64 HGR 23 3913 0.74 14 Bedrock

8/15/2009 OC jntn to CV Br 65 PLP 32 3945 0.75 27 3

8/15/2009 OC jntn to CV Br 66 FALL 10 3955 0.75 15 1.5' Perm

8/15/2009 OC jntn to CV Br 67 MCP 31 3986 0.75 18 3.5

8/15/2009 OC jntn to CV Br 68 POW 35 4021 0.76 29

8/15/2009 OC jntn to CV Br 69 PLP 22 4043 0.77 39 3.5

Parent Material:

Map Gradient (%):

granitic pluton, 

metasedimentary
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Oregon Creek – Ground-based Habitat Mapping Data (cont.) 

Date Section Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting Post-Field Changes Comments

8/15/2009 OC jntn to CV Br 70 FALL 10 4053 0.77 20 2' high, no sat, sc goes around main channel at HF

8/15/2009 OC jntn to CV Br 71 MCP 29 4082 0.77 20 3

8/15/2009 OC jntn to CV Br 72 POW 37 4119 0.78 50 665525 4363305 w/ steps

8/15/2009 OC jntn to CV Br 73 POW 34 4153 0.79 38

no steps, dead dace = DTA1 1231, sc begins at this unit > under 

ground to U69

8/15/2009 OC jntn to CV Br 74 PLP 60 4213 0.80 39 10

8/15/2009 OC jntn to CV Br 75 CHU 20 4233 0.80 20 4' step

8/15/2009 OC jntn to CV Br 76 PLP 111 4344 0.82 22.5 10

DTA1 1232 < 

base 74 > 76, 

1233 < base U76 

LUS

gauge, heavy recreational use, tree frog.  TRAIL FROM GAUGE TO 

ROAD.  Total distance = 4304' = 0.8 mi.

9/12/2009 OC jntn to CV Br 77 CHU 27 4371 0.83 7.67 INSIGNIF BED BED BED 1 y at base DTA1 1283 LUS 0 0 n 0 0 665544 4363327 just above gauge pool

9/12/2009 OC jntn to CV Br 78 MCP 57 4428 0.84 22.67 1.88 4.5 0 BLDR BED COB BED 2 n DTA1 1284 LUS 0 0 n 0 0 slight sand pocket

9/12/2009 OC jntn to CV Br 79 CHU 31.5 4459.5 0.84 9 BLDR BLD SND BED 1 n DTA1 1285 LUS 0 0 n 0 0 large, slow pool at bottom

9/12/2009 OC jntn to CV Br 80 CAS 80 4539.5 0.86 16 2, 1.5, 3.5 BLDR BED BLD BED 1 n

DTA1 1286, 1287 

LUS 0 0 n 0 0 2 larger pools, 11%, possible red-legged F.  No photo/ no ID.

9/12/2009 OC jntn to CV Br 81 MCP 75 4614.5 0.87 20 1.35 2.6 0 BLDR BED BLD BED 1 y at top DTA1 1290 LUS 0 0 n 0 0

vertical bedrock wall on RBA.  Some large boulders but not enough to 

call POW, dead sucker fish = Photos DTA1 1288, 1289.

9/12/2009 OC jntn to CV Br 82 CHU 22 4636.5 0.88 16.5 INSIGNIF BED COB BED 1 y at base DTA1 1291 LUS 0 0 n 0 0 665599 4363376 small pool @ base with chute @ bottom

9/12/2009 OC jntn to CV Br 83 MCP 108 4744.5 0.90 26.33 2.45 4.5 BLDR BED COB BED 1 n DTA1 1292 LUS 0 0 n 0 0 mid-pool control pinch.  Only 1 small scour hole at max

9/12/2009 OC jntn to CV Br 84 CAS 88 4832.5 0.92 18.67 2.88 4.5 BLDR BED BLD BED 2 n DTA1 1293 LUS 0 0 n 0 0

almost a step pool but water diverges around boulders and not enough 

ds pool controls

9/12/2009 OC jntn to CV Br 85 MCP 76 4908.5 0.93 15.33 1.95 4 BLDR BED BLD BED 2 n DTA1 1294 LUS 0 0 n 0 0 trench like in some parts

9/12/2009 OC jntn to CV Br 86 CHU 35 4943.5 0.94 8.67 1.38 3.5 INSIGNIF BED COB BED 1 y at top DTA1 1299 LUS 0 0 n 0 0

small cascade at base, one small pool at highflow is going to become 

chute.  ENDING MAPPING@ UTM:  0665700/ 4363395

9/12/2009 OC jntn to CV Br 87 MCP 58 5001.5 0.95 17 3.5 DTA1 1300, 1301

two big pools separated by small pool.  3 Plunge pools wit mid-pool 

control waterfalls is a plunge pool.  Other pools max depths = 4.5 & 

10+'

9/12/2009 OC jntn to CV Br 88 FALL 35 5036.5 0.95 6 4.5 DTA1 1302 Y

Falls plunge into deep scour holes - fall/scour/fall/scour.  4 falls = 6', 4', 

3', 3'.  BARRIER @ UTM:  0665718/ 4363392

9/12/2009 OC jntn to CV Br 89 POW 50 5086.5 0.96 25 DTA1 1303

9/12/2009 OC jntn to CV Br 90 MCP 97 5183.5 0.98 30 2.5

9/12/2009 OC jntn to CV Br 91 POW 52 5235.5 0.99 25 DTA1 1304

9/12/2009 OC jntn to CV Br 92 STEP 88 5323.5 1.01 20 DTA1 1305

9/12/2009 OC jntn to CV Br 93 MCP 38 5361.5 1.02 17 3.5 DTA1 1306 Artificial pool dugout by minning.

9/12/2009 OC jntn to CV Br 94 SPLIT 88 5449.5 1.03 4 DTA1 

5-7%, not modelable, multiple surfaces, highly modified by minning, 

HGR on both sides of SPLIT. Unconfined

9/12/2009 OC jntn to CV Br 95 LAP 88 5537.5 1.05 32 1.94 4 VEG COB BLD COB 80 4 y at base DTA1 1308 2 2 N 0 0 665762 4363273 Adult poss. CRLF and several juveniles

9/12/2009 OC jntn to CV Br 96 LGR 30 5567.5 1.05 24 BLDR BLD BLD BLD 15 55 4 n DTA1 1309 0 0 N 0 0

filled in BLD because 

'Dominant Bank 

Substrate' was blank. gradient 4%, modelable

9/12/2009 OC jntn to CV Br 97 GLI 55 5622.5 1.06 25 BLDR BLD COB BLD 4 n DTA1 1310 0 0 N 0 0

9/12/2009 OC jntn to CV Br 98 LGR 24 5646.5 1.07 30 BLDR BLD COB BLD 4 n DTA1 1311 0 0 N 0 0 gradient 4%, modelable, tree frogs

9/12/2009 OC jntn to CV Br 99 GLI 227 5873.5 1.11 23 VEG COB BLD SND 4 y at top DTA1 1312 LDS 0 0 N 0 0 665889 4363288

RC 0.25, max D 1.5, small scour area therefore glide plane bed form 

punctuated with short LGR's.

9/12/2009 OC jntn to CV Br SPLIT 112 5985.5 *SPLIT @ top of unit #99 (highly modified) split length = 112

9/12/2009 OC jntn to CV Br 100 LAP 118.5 6104 1.16 24 1.31 3 BLDR COB BLD COB 4 n DTA1 1315 0 0 n 0 0

9/12/2009 OC jntn to CV Br 101 LGR 40 6144 1.16 30 INSIGNIF COB BLD COB 4 n DTA1 1317 0 0 n 0 0 gradient 2%, modelable but variety of controls; poor modelability

9/12/2009 OC jntn to CV Br 102 GLI 110 6254 1.18 33 VEG COB BLD SND 4 n DTA1 1318 LDS 0 0 n 0 0

9/12/2009 OC jntn to CV Br 103 LGR 29 6283 1.19 23 INSIGNIF COB BLD COB 4 n DTA1 1319 LDS 0 0 n 0 0 gradient 3% modelable

9/12/2009 OC jntn to CV Br 104 GLI 88 6371 1.21 25 INSIGNIF COB SND COB 4 Y at top DTA1 1320 0 0 n 58 24 665875 4363419 spawining gravel present but packet with sand

9/12/2009 OC jntn to CV Br SPLIT 303 6674 1.26 (Confined channel at start) LGR/HGR/GLI with high density Darmera

9/12/2009 OC jntn to CV Br 105 POW 92 6766 1.28 46.33 DTA1 1323 LDS

9/12/2009 OC jntn to CV Br 106 MCP 20 6786 1.29 20 2.5 DTA1 1324

9/12/2009 OC jntn to CV Br 107 POW 170 6956 1.32 36.25 30 DTA1 1325

9/12/2009 OC jntn to CV Br 108 CAS 19.5 6975.5 1.32 38 gradient 11%

9/12/2009 OC jntn to CV Br 109 POW 54 7029.5 1.33 41

9/12/2009 OC jntn to CV Br 110 CAS 18 7047.5 1.33 42 gradient 12%

9/12/2009 OC jntn to CV Br 111 POW 25 7072.5 1.34 30

9/12/2009 OC jntn to CV Br 112 MCP 41 7113.5 1.35 20 3.25 CA newt; downstream unit separated by bedrock pinch point

9/12/2009 OC jntn to CV Br 113 MCP 73 7186.5 1.36 22 3.5

9/12/2009 OC jntn to CV Br 114 CAS 22 7208.5 1.37 32 gradient 11%

9/12/2009 OC jntn to CV Br 115 MCP 42 7250.5 1.37 30.5 3 y at base 665769 4363635

9/12/2009 OC jntn to CV Br 116 CAS 19 7269.5 1.38 46 gradient 12%

9/12/2009 OC jntn to CV Br 117 POW 184 7453.5 1.41 40.33

pool upstream of U116 but short & enough boulders to include with 

POW unit 117.  4 steps in POW

9/12/2009 OC jntn to CV Br 118 HGR 27 7480.5 1.42 35 gradient 11%

9/12/2009 OC jntn to CV Br 119 POW 55 7535.5 1.43 39

9/12/2009 OC jntn to CV Br 120 MCP 146 7681.5 1.45 34 4

9/12/2009 OC jntn to CV Br 121 CAS 16 7697.5 1.46 33 gradient 17%

9/12/2009 OC jntn to CV Br 122 RUN 50 7747.5 1.47 22.67 bedrock step divides run with upper run short & wide

9/12/2009 OC jntn to CV Br SPLIT 211 7958.5 1.51 SPLIT with HGR/GLIDE & SMALL MCP (CRLF Adult)

9/12/2009 OC jntn to CV Br 123 MCP 222 8180.5 1.55 30.2 6 camper reports Ringtails on Yuba @ Peterson Corner

9/12/2009 OC jntn to CV Br 124 RUN 142 8322.5 1.58 27.67 665898 4363930

Run with a step at downstream end.  Series of step runs at upstream 

end, non-modelable.  Gradient 8%.

9/12/2009 OC jntn to CV Br 125 POW 53 8375.5 1.59 52 CA newt

9/12/2009 OC jntn to CV Br 126 MCP 144 8519.5 1.61 39 boulders sticking up at downstream pool

9/12/2009 OC jntn to CV Br 127 CAS 18 8537.5 1.62 40 gradient 17%

9/12/2009 OC jntn to CV Br 128 MCP 34 8571.5 1.62 30 2.75

9/12/2009 OC jntn to CV Br 129 CAS 47 8618.5 1.63 37

gradient 8%, At low flow cascade/hodgepodge.  At high flow it's a true 

hodgepodge.  Nonmodelable.

9/12/2009 OC jntn to CV Br 130 RUN 27 8645.5 1.64 45 1.75 RC 0.75

9/12/2009 OC jntn to CV Br 131 MCP 35 8680.5 1.64 29 3

9/12/2009 OC jntn to CV Br 132 RUN 23 8703.5 1.65 22 Step/Run

9/12/2009 OC jntn to CV Br 133 COP 25 8728.5 1.65 25 2.5

9/12/2009 OC jntn to CV Br SPLIT 272 9000.5 1.70 Multi-braided split with LGR GLIDES mix.

9/12/2009 OC jntn to CV Br 134 MCP 304 9304.5 1.76 55 6

DTA1 1329, 1330, 

1331 66093 4363938

Great Blue Heron, Unit 134 almost looks like dam pool but no obvious 

dam just braided channels, some sort of depositg at the downstream & 

braids at deposit.  Photo DTA1 1332 is outflow.

9/12/2009 OC jntn to CV Br SPLIT 54 9358.5 1.77 38.5

9/12/2009 OC jntn to CV Br 135 RUN 23 9381.5 1.78 23 y at base 666049 4364033

9/12/2009 OC jntn to CV Br 136 LGR 82 9463.5 1.79 40 gradient 3%, pooling on perimeter, non modelable

9/12/2009 OC jntn to CV Br 137 POW 60 9523.5 1.80 30

9/12/2009 OC jntn to CV Br 138 LGR 64 9587.5 1.82 26

gradient 2%, ambiguous due to minor surface aggitation @ current flow.  

Would be LGR @ additional 5 cfs.

9/12/2009 OC jntn to CV Br 139 HGR 30 9617.5 1.82 35 gradient 9%.  
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Oregon Creek – Ground-based Habitat Mapping Data (cont.) 

Stream: Oregon Creek Date: 8/15/2009

Reach: 2.3%

9/12/2009 OC jntn to CV Br 140 STEP 58 9675.5 1.83 36.5 2

9/12/2009 OC jntn to CV Br 141 POW 78 9753.5 1.85 40

9/12/2009 OC jntn to CV Br 142 STEP 108 9861.5 1.87 36

9/12/2009 OC jntn to CV Br 143 MCP 72 9933.5 1.88 25 3 Mid-pool control

9/12/2009 OC jntn to CV Br 144 RUN 25 9958.5 1.89 ENDS in a CHUTE flagged at top, END SURVEY FOR 9/12/09

9/12/2009 OC jntn to CV Br 145 MCP 38 9996.5 1.89 27.33 2.5 bedrock

9/12/2009 OC jntn to CV Br 146 STEP 35 10031.5 1.90 30.5 DTA1 1411

bedrock, 3% gradient, step run unclear because of substrate (chute-

like)

9/12/2009 OC jntn to CV Br 147 MCP 66 10097.5 1.91 39.33 2.5 DTA1 width includes midchannel sidebar and associated side pool

9/12/2009 OC jntn to CV Br 148 MCP 78 10175.5 1.93 32.33 3.25 DTA1 1412 pool slit by surfacing bedrock in middle

9/12/2009 OC jntn to CV Br 149 LGR 160 10335.5 1.96 49.67 DTA1 1413 bedrock riffle - some step-like features, 4%

9/12/2009 OC jntn to CV Br 150 MCP 101 10436.5 1.98 40.33 3.75

9/12/2009 OC jntn to CV Br 151 MCP 65 10501.5 1.99 33.33 3.25 two above MCP separated by strong bedrock control

9/12/2009 OC jntn to CV Br 152 HGR 29 10530.5 1.99 35 bedrock riffle, 4% gradient

9/12/2009 OC jntn to CV Br 153 MCP 91 10621.5 2.01 34 3.25

head of pool w/ some surface agitation, slightly POW - like but no 

signifcant control so considered part of MCP.

9/12/2009 OC jntn to CV Br 154 HGR 66 10687.5 2.02 30 DTA1 1414 5% gradient, modelable

9/12/2009 OC jntn to CV Br 155 STEP 50 10737.5 2.03 45 y at top DTA1 1415 666092 4364377

oblique flow, multiple water surfaces, pocket-like (poor exp of step), 3% 

grad.

9/12/2009 OC jntn to CV Br 156 MCP 82 10819.5 2.05 37.67 2

9/12/2009 OC jntn to CV Br 157 MCP 32 10851.5 2.06 32 2 RC = 0.5, max depth = 2, area < 3 meters

9/12/2009 OC jntn to CV Br 158 STEP 28 10879.5 2.06 34.5 cobble/ boulder bar creates split, few steps

9/12/2009 OC jntn to CV Br 159 POW 156 11035.5 2.09 40 DTA1 1416

bedrock pool/ shallow pocket water - directly under Celestial Valley 

Road bridge.

9/12/2009 OC jntn to CV Br 160 RUN 45 11080.5 2.10 27.5 bedrock under bridge

9/12/2009 OC jntn to CV Br 162 MCP 32 11112.5 2.10 36 2.75

9/12/2009 OC jntn to CV Br 163 RUN 27 11139.5 2.11 19.5

9/12/2009 OC jntn to CV Br 164 MCP 38 11177.5 2.12 27.33 3 LBA 0.5 cfs tributary LBA ~ 0.5 cfs

9/12/2009 OC jntn to CV Br 165 LGR 230 11407.5 2.16 34.25 y at top 666246 4364489

california newt!, short run at bottom, one LBA midchannel modelable; 

modification & some pools formed from mining. SWITCH TO MAPPING 

@ UTM: 0666246/ 4364489

9/15/2009 CV Br to Pvt Prop 166 MCP 48 11455.5 2.17 34 2 1.06 BLDR BLD COB COB 4 y at base RBA 0.5 cfs DTA1 1417 0 0 n 0 0 666242 4364489

9/15/2009 CV Br to Pvt Prop 167 STEP 53 11508.5 2.18 33 BLDR BLD COB BLD 10 4 n DTA1 1418 0 0 n 0 0 3% gradient

9/15/2009 CV Br to Pvt Prop 168 MCP 32 11540.5 2.19 30.5 2 1.13 30 BLDR BLD COB BLD 4 N 0 0 N 0 0

9/15/2009 CV Br to Pvt Prop 169 MCP 151 11691.5 2.21 31.67 5.5 2.78 50 BLDR BLD COB BLD 30 4 n DTA1 1419 0 0 n 0 0

pool 168 & 169 separated by strong bedrock boulder outcrop, weak 

control mid-pool

9/15/2009 CV Br to Pvt Prop 170 LGR 108 11799.5 2.23 30.67 BLDR BLD COB BLD 4 4 y at top 0 0 n 0 0 666359 4364524

2.5% gradient, 75% of channel RBA riffle-like, although steplike RBA 

NOT MODELABLE because more than one habitat type across 

transverse (2/3 riffle, 1/3 run)

9/15/2009 CV Br to Pvt Prop 171 MCP 243 12042.5 2.28 41.67 2 3.5 50 BLDR COB SND SND 15 4 y at base LBA < 0.1 cfs DTA1 1420 LDS 0 0 n 0 0 '+ 0.5 feet for average BF depth

9/15/2009 CV Br to Pvt Prop 172 GLI 274 12316.5 2.33 29.75 2 BLDR COB BLD SND 50 4 n RBA 1.0 cfs DTA1 1421 LDS 0 0 n 0 0

9/15/2009 CV Br to Pvt Prop 173 LGR 264 12580.5 2.38 32.5 1.25 BLDR COB BLD COB 4 n DTA1 1422 0 0 n 0 0

2% gradient, sedges, banks - heavy blackberry cobble is sand matrix 

with some boulder.  Modelable at higher flows (through rocks and 

multiple flow line at current flow)

9/15/2009 CV Br to Pvt Prop 174 GLI 43 12623.5 2.39 44 2 BLDR COB BLD COB 5 1 n DTA1 1423 0 0 n 0 0 Glide at base of pool, poor control between GLI & Pool (U174 & 175)

9/15/2009 CV Br to Pvt Prop 175 MCP 225 12848.5 2.43 32.75 1.75 1.5 3.1 30 BLDR BLD COB BLD 1 y at top DTA1 1425 LDS 0 0 n 0 0 poor sc but enough shallow, slow, wide. Photo DTA1 1424 LUS butterfly

9/15/2009 CV Br to Pvt Prop 176 LGR 41 12889.5 2.44 24 DTA1 1427 LDS 666380 4364831 3% grad, boulder and cobble substrate

9/15/2009 CV Br to Pvt Prop 177 MCP 113 13002.5 2.46 28.75 2.5 DTA1 1426 railroad bridge crosses unit, cobble/ boulder substrate, 30% each 

9/15/2009 CV Br to Pvt Prop 178 LGR 60 13062.5 2.47 27.67 1.75 2% gradient 

9/15/2009 CV Br to Pvt Prop 179 GLI 78 13140.5 2.49 25.33 1.2

rc = 0.75, max depth = 1.2 therefore does not meet, slow, therefore 

Glide

9/15/2009 CV Br to Pvt Prop 180 LGR 27 13167.5 2.49 25 2%, run-like character

9/15/2009 CV Br to Pvt Prop 181 LGR 156 13323.5 2.52 25.25 3% gradient

9/15/2009 CV Br to Pvt Prop 182 MCP 337 13660.5 2.59 36 4.25

strong downstream control < boulders; short run at top, lots of sand 

surrounds cobbles and boulders but not in big depth, cat tails increase 

overhanging veg.  Boulder/cobble substrate

9/15/2009 CV Br to Pvt Prop 183 LGR 53 13713.5 2.60 25 boulder/cobble, 3%

9/15/2009 CV Br to Pvt Prop 184 MCP 98 13811.5 2.62 29 2.25 boulder/cobble w/ sand

9/15/2009 CV Br to Pvt Prop 185 LGR 86 13897.5 2.63 27.67 y 666369 4365161 not modelable, too many WSE's, 4% grad.

9/15/2009 CV Br to Pvt Prop 186 MCP 83 13980.5 2.65 31 2 cobble/boulder/sand

9/15/2009 CV Br to Pvt Prop 187 LGR 26 14006.5 2.65 28 2% gradient

9/15/2009 CV Br to Pvt Prop 188 MCP 108 14114.5 2.67 33 2.5 rc'= 0.6, shallow at top

9/15/2009 CV Br to Pvt Prop 189 LGR 214 14328.5 2.71 33.33 2.5% grad

9/15/2009 CV Br to Pvt Prop 190 MCP 132 14460.5 2.74 35.33 3 sand fills pool

9/15/2009 CV Br to Pvt Prop 191 MCP 68 14528.5 2.75 28 3

boulder control separates 190 &191, fence at goat pasture, 

modification/disturbance

9/15/2009 CV Br to Pvt Prop 192 HGR 26 14554.5 2.76 27 6% grad, boulder/riffle, non modelable

9/15/2009 CV Br to Pvt Prop 193 LGR 71 14625.5 2.77 22.5

3% gradient, lower w/ poorly formed steps; flater/deeper - lumped 

cobble bar on LBA.

9/15/2009 CV Br to Pvt Prop 194 RUN 46 14671.5 2.78 19.5 1.25 rc = 0.75, r.d. = 0.5 doesn’t meet; deeper therefore run

9/15/2009 CV Br to Pvt Prop 195 LGR 63 14734.5 2.79 24 666363 4365457 4% gradient, flag, modelable at top only

9/15/2009 CV Br to Pvt Prop 196 RUN 50 14784.5 2.80 34.33 wide, shallow

9/15/2009 CV Br to Pvt Prop 197 MCP 255 15039.5 2.85 46.33 4.25

long, deep, filled with sand; adjacent to log yard; +1 for BFD (WD 1-

12,50  (w) 1-12,25 (w); 150 LBD BE

9/15/2009 CV Br to Pvt Prop 198 LGR 49 15088.5 2.86 32.5 3% gradient

9/15/2009 CV Br to Pvt Prop 199 MCP 132 15220.5 2.88 32.33 1.75 30 666325 4365576 bridge 666325/ 4365576, sand/boulder substrate 30% embedded.

9/15/2009 CV Br to Pvt Prop 200 LGR 278 15498.5 2.94 28.6 1.5 3%, modelable in flatter sections but multiple flow lines elsewhere

9/15/2009 CV Br to Pvt Prop 201 MCP 94 15592.5 2.95 27.33 1.5 r.c. = 0.04 > meets

9/15/2009 CV Br to Pvt Prop 202 RUN 50 15642.5 2.96 24 run uniform, deepr than glide, but slow water

9/15/2009 CV Br to Pvt Prop 203 LGR 112 15754.5 2.98 33 4%, flat section modlelable

9/15/2009 CV Br to Pvt Prop 204 MCP 193 15947.5 3.02 33.75 3.75 50 DTA1 1428 LDS

sand fills pool, cows, stream side road (boulder/sand), 50% pool tail 

embeddedness

9/15/2009 CV Br to Pvt Prop 205 LGR 36 15983.5 3.03 27 y at top boulder/cobble flat at top (but forgot UTM)

9/15/2009 CV Br to Pvt Prop 206 MCP 94 16077.5 3.04 26.67 666330 4365849

9/15/2009 CV Br to Pvt Prop 207 LGR 60 16137.5 3.06 25 DTA1 1429 non modelable, 4% gradient

9/15/2009 CV Br to Pvt Prop 208 RUN 30 16167.5 3.06 27

9/15/2009 CV Br to Pvt Prop 209 MCP 201 16368.5 3.10 36 1.75 LBA 0.05 cfs DTA1 1430-1432

filled with sand - boulder/sand substrate, thick green algae, dogs sand 

piling into stream, 0.05 cfs culvert/ trib LBA, shallow at head, PHOTOS 

DTA1 1430-1432 dogs, pool, and bank.

9/15/2009 CV Br to Pvt Prop 210 LGR 29 16397.5 3.11 34 2% grad

9/15/2009 CV Br to Pvt Prop 211 MCP 123 16520.5 3.13 34.67 2 RUN/GLIDE at tail (~25' long)

9/15/2009 CV Br to Pvt Prop 212 RUN 34 16554.5 3.14 24.33 boulder/ cobble

9/15/2009 CV Br to Pvt Prop 213 MCP 54 16608.5 3.15 19 2

boulder/ cobble, 10' step through not mass and boulders separate 

212&213

9/15/2009 CV Br to Pvt Prop 214 HGR 25 16633.5 3.15 29 DTA1 1433

8% gradient, strong boulder -> psuedo steps, oblique flow, non-

modelable

9/15/2009 CV Br to Pvt Prop 215 MCP 82 16715.5 3.17 25.67 2 y at top

DTA1 1434 of unit 

tail 666409 4366040 flag, long narrow tail (run-like), bldr/cob (less sand), rc = 0.75.

Parent Material:

Map Gradient (%):

granitic pluton, 

metasedimentary
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Oregon Creek – Ground-based Habitat Mapping Data (cont.) 

Date Section Number

Ordered 

Unit #

Original 

Unit #

Unit

Habitat

Type

Length

(ft)

Cum. 

Length (ft) River Mile

Est avg 

BFW

(ft) BFD (ft)

Est avg 

pool depth 

(ft)

Max. pool 

depth (ft)

Pooltail 

embed-

dedness 

(%) Cover

Dominant

substrate

Sub-

dominant

substrate

Dominant

bank

substrate Erosion (ft) FPW

Confine-

ment

Flag/

Label

Flag

Description

Trib

cfs

Land-

marks

or Photos

Total

LWD

(bankful)

Total

LWD

wetted

width

Fish

Migration

Barrier?

Total

Spawnable 

gravel area

(sq. ft.)

Max

spawning

gravel patch

(sq ft) Northing Easting Post-Field Changes Comments

9/15/2009 CV Br to Pvt Prop 216 LGR 93 16808.5 3.18 31 4% gradient, modelable

9/15/2009 CV Br to Pvt Prop 217 POW 36 16844.5 3.19 28.5 DTA1 1436 small scale, multi-thread, boulder dominant

9/15/2009 CV Br to Pvt Prop 218 MCP 56 16900.5 3.20 29.67 2 rc = 0.5, poor sc; wide, flat, shallow

9/15/2009 CV Br to Pvt Prop 219 POW 86 16986.5 3.22 29.75 rhubarb

9/15/2009 CV Br to Pvt Prop 220 MCP 20 17006.5 3.22 21 2

9/15/2009 CV Br to Pvt Prop 221 RUN 17 17023.5 3.22 17

9/15/2009 CV Br to Pvt Prop 222 MCP 127 17150.5 3.25 28 2 DTA1 1437 LDS thick algae, rc = 0.5, tail glide-like.

9/15/2009 CV Br to Pvt Prop 223 POW 32 17182.5 3.25 28 DTA1 1438 LUS

9/15/2009 CV Br to Pvt Prop 224 LGR 70 17252.5 3.27 26 boulder, sub cobble, 3% gradient, non-modelable, oblique

9/15/2009 CV Br to Pvt Prop 225 POW 44 17296.5 3.28 25 1.5 DTA1 1439 666538 4366168

rc = 0.5, boulder/cobble, no movement n 1 > t, poor sc. (doesn't meet 

rd), no flow uniformity THEREFORE POW, END SURVEY.

10/4/2009 Below Log Cabin 226 LGR 120.5 17417 3.30 15.67 1.25 BLDR BLD COB BLD 1 y at base DTA2 2127 n 666543 4366181

LGR because surface agitation, although may resemble POW @ high 

flows, 2% gradient.

10/4/2009 Below Log Cabin 227 RUN 51 17468 3.31 17.5 1.75 BLDR BLD COB BLD 1 n DTA2 2128 n

Not POW because shallow and no divergent flows.  Used unit #225 for 

truthing.

10/4/2009 Below Log Cabin 228 HGR 86 17554 3.32 17 BLDR BLD COB BLD 1 n DTA2 2129 n 4%, big boulders

10/4/2009 Below Log Cabin 229 MCP 124 17678 3.35 32 2.875 5 15 BLDR BLD COB BED 3 n DTA2 2130 n top of pool run - like due to slight control

10/4/2009 Below Log Cabin 230 CAS 16 17694 3.35 6.33 BLDR BED BLD BED 3 y at top DTA2 2131 n 666646 4366242 7% gradient

10/4/2009 Below Log Cabin 231 LGR 29 17723 3.36 12 1.5 BLDR BLD COB BLD 3 y at base DTA2 2132 n 666646 4366242 2% gradient

10/4/2009 Below Log Cabin 232 MCP 157 17880 3.39 26.75 3.5 6 10 BLDR BED BLD BLD 2 n DTA2 2133 n top of pool narrow & run-like with weak control

10/4/2009 Below Log Cabin 233 LGR 61 17941 3.40 19.33 1.5 BLDR BLD COB BLD 3 n n 3%, maybe split channel @ higher flows

10/4/2009 Below Log Cabin 234 POW 89 18030 3.41 32 BLDR BLD COB BED 3 n DTA2 2134 n

10/4/2009 Below Log Cabin 235 STEP 98 18128 3.43 21 BLDR BLD COB BLD 3 y at top DTA2 2135 LDS n 666614 4366372

weakly stepped but steps present.  Modified therefore stranded rocks in 

wetted channel photos DTA2 2138 LDS.  Top step looks like maybe half 

LGR in higher flows

10/4/2009 Below Log Cabin 236 LGR 61 18189 3.44 16.33 1.5 BLDR BED COB BLD 1 y DTA2 2139 n 666604 4366353 1% gradient

10/4/2009 Below Log Cabin 237 POW 105 18294 3.46 23 BLDR BLD BED BED 1 n DTA2 2140 n 22 9

POW best describes, would be GLI but very ununiform/boulder 

substrate

10/4/2009 Below Log Cabin 238 LGR 136 18430 3.49 19.25 1.7 BLDR BLD COB BLD 3 n DTA2 2141 n

modified at middle, rock-boulder dam at road crossing; photos DTA2 # 

2142, 2143.  2.5% gradient.  Red-legged adult frog (Photos: DTA2 #'s 

2144, 2145, 2146 are of juvenile RLF, #'s 2147, 2148 are of adult RLF).

10/4/2009 Below Log Cabin 239 RUN 91 18521 3.51 25.33 1.5 BLDR BLD COB BLD 3 n DTA2 21549 n 1 1

spawn gravel out of water, POW-like, but much too shallow, no scour 

around boulders, no surface agitation so not LGR

10/4/2009 Below Log Cabin 240 LGR 32 18553 3.51 19.5 BLDR BLD COB BLD 3 y at top DTA2 2150 n 666588 4366503 3% gradient

10/4/2009 Below Log Cabin 241 RUN 108 18661 3.53 19.67 BLDR BLD COB BLD 1 y at base DTA2 2151 n 5 4 666658 4366498 POW-like, but shallow, little scour, more POW-like at base.

10/4/2009 Below Log Cabin 242 MCP 94 18755 3.55 41.5 2.9 5.5 25 BLDR BED BLD BED 2 n DTA2 2152 n

10/4/2009 Below Log Cabin 243 HGR 83 18838 3.57 21.33 1.5 BLDR BLD BED BLD 1 n DTA2 2153 n 4% gradient, some steps on LBA, not mappable

10/4/2009 Below Log Cabin 244 LGR 47 18885 3.58 25.5 BLDR BLD COB BLD 1 n DTA2 2154 n 4" fish, LGR due to surface agitation, 1% gradient

10/4/2009 Below Log Cabin 245 RUN 44 18929 3.59 17 1.5 BLDR BLD COB BLD 1 y at top DTA2 2155 n 666603 4366620

10/4/2009 Below Log Cabin 246 LGR 104 19033 3.60 22.33 DTA2 2156

10/4/2009 Below Log Cabin 247 POW 39 19072 3.61 26.5

10/4/2009 Below Log Cabin 248 LGR 44 19116 3.62 27.5

10/4/2009 Below Log Cabin 249 MCP 89 19205 3.64 34 2.5

10/4/2009 Below Log Cabin SPLIT 43 19248 3.65 DTA2 2157

10/4/2009 Below Log Cabin 250 LGR 71 19319 3.66 23 DTA2 2158

1% surface agitation present, channel wide and almost divergent; somei 

indistinct run-like features, not stepped.

10/4/2009 Below Log Cabin 251 RUN 49 19368 3.67 43 run-like but shallow with no scour around boulders

10/4/2009 Below Log Cabin 252 LGR 73 19441 3.68 22 0.50%

10/4/2009 Below Log Cabin 253 LGR 83 19524 3.70 15 DTA2 2159 3%

10/4/2009 Below Log Cabin SPLIT 111 19635 3.72 pool rba, run lba

10/4/2009 Below Log Cabin 254 MCP 58 19693 3.73 63 6 DTA2 2160

10/4/2009 Below Log Cabin 255 FALLS 15 19708 3.73 15 y 666725 4366817 6' barrier, flagged at top

10/4/2009 Below Log Cabin 256 CHU 22 19730 3.74 30

10/4/2009 Below Log Cabin 257 CAS 15 19745 3.74 58

10/4/2009 Below Log Cabin 258 POW 63 19808 3.75 41

10/4/2009 Below Log Cabin CAS 15 19823 3.75 58 y 4' barrier see coordinates for Unit 255

10/4/2009 Below Log Cabin 259 STEP 35 19858 3.76 27

10/4/2009 Below Log Cabin SPLIT 129 19987 3.79 DTA2 2161 divergent, shallow

10/4/2009 Below Log Cabin 260 MCP 62 20049 3.80 36.5

10/4/2009 Below Log Cabin 261 LGR 35 20084 3.80 49 BED 4%

10/4/2009 Below Log Cabin 262 MCP 94 20178 3.82 41

10/4/2009 Below Log Cabin 263 FALL 20 20198 3.83 35

DTA2 

2163,2164,2166

weir at top substantially reducting flows; irrigation from weir - looks 

private

10/4/2009 Below Log Cabin 264 MCP 253 20451 3.87 42.5 6 DTA2 2167

10/4/2009 Below Log Cabin 265 POW 88 20539 3.89 30 tail is rapid-like

10/4/2009 Below Log Cabin 266 FALL 8 20547 3.89 36 INSIGNIF BED BED BED 1 y at base DTA2 2169 y 666921 4366959 4 foot fish migration barrier

10/4/2009 Below Log Cabin 267 MCP 106 20653 3.91 35 2 4 BLDR BLD BED BLD 1 n DTA2 2170 n Bedrock "controls" throughout, top of pool is POW-like.

10/4/2009 Below Log Cabin 268 MCP 47 20700 3.92 22 2.25 3.5 BLDR BED BLD BED 1 n DTA2 2171 n Riffle at base separates from lower pool, 5% gradient.

10/4/2009 Below Log Cabin 269 HGR 39 20739 3.93 19.5 BLDR BED BLD BED 1 n DTA2 2172 n 5% gradient

10/4/2009 Below Log Cabin 270 POW 100 20839 3.95 27.33 BLDR BLD BED BED 1 y at top DTA2 2173 n 666957 4367034

10/4/2009 Below Log Cabin 271 MCP 114 20953 3.97 25.67 1.5 3 BLDR BED BLD BED 1 y at base DTA2 2174 n 666962 4367038 POW-like at base; shorty HGR separates from POW below

10/4/2009 Below Log Cabin 272 POW 36 20989 3.98 30 BLDR BED BLD BED 1 n DTA2 2175 n

10/4/2009 Below Log Cabin 273 HGR 36 21025 3.98 25 1.9 BLDR BED BLD BED 1 n DTA2 2176 n 6% gradient

10/4/2009 Below Log Cabin 274 RUN 45 21070 3.99 20.33 BLDR BED BLD BLD 1 n DTA2 2177, 2178 n POW-like with some steps, but shallow and no scour around boulders

10/4/2009 Below Log Cabin 275 MCP 48 21118 4.00 62.5 3.8 6 BLDR BED BLD BED 1 y at top DTA2 2179, 2180 1 1 n 667048 4367070

changed from POW in 

spite of under cliff and 

around boulders UTM is at top of U275, creepy cave here, water goes under bedrock cliff.

10/4/2009 Below Log Cabin 276 STEP 95 21213 4.02 19.33 1.5 BLDR BLD COB BLD 3 y at base DTA2 2181 n 667048 4367070

10/4/2009 Below Log Cabin 277 RUN 135 21348 4.04 21.5 BLDR BLD BED BED 1 n DTA2 2182 n

10/4/2009 Below Log Cabin 278 LGR 203 21551 4.08 23.5 1 BLDR BLD COB BLD 1 n DTA2 2183 n 2% gradient

10/4/2009 Below Log Cabin 279 MCP 172 21723 4.11 35 3.3 6 BLDR BED BLD BED 2 n DTA2 2184, 2185 n

10/4/2009 Below Log Cabin 280 RUN 33 21756 4.12 12 BLDR BED BLD BED 1 y at top DTA2 2186 n 667047 4367258 narrow channel, bedrock on both sides

10/4/2009 Below Log Cabin 281 CAS 13.5 21769.5 4.12 15 BLDR BED BLD BED 1 Y at top DTA2 2187 y 0 667030 4367261 10' perm barrier; weir at top of feature

10/4/2009 Below Log Cabin 282 MCP 101 21870.5 4.14 43 5 35 BLDR BED BLD BED 2 n DTA2 2188 y 4' weir at top; weir at bottom; gauges here

10/4/2009 Below Log Cabin SPLIT 19 21889.5 4.15 rba - pool; lba - run into weir

10/4/2009 Below Log Cabin 283 LGR 84 21973.5 4.16 22 1.25 BLDR BLD BED BLD 1 N DTA2 2190 n 2% gradient

10/4/2009 Below Log Cabin 284 RUN 66 22039.5 4.17 18.33 BLDR BLD COB SND 1 N DTA2 2191 n plunge/step from upper pool into run

10/4/2009 Below Log Cabin 285 MCP 55 22094.5 4.18 22 1.9 3.5 30 BLDR LBD COB BLD 1 Y at top DTA2 2192 n 667008 436359

10/4/2009 Below Log Cabin 286 LGR 108 22202.5 4.21 22.67 1.5 BLDR BLD COB BLD 1 y at base DTA2 2193 n 3% gradient

10/4/2009 Below Log Cabin 287 MCP 39 22241.5 4.21 16.5 1.4 2.5 BLDR BLD BED BED 1 N DTA2 2194 n

10/4/2009 Below Log Cabin 288 LGR 55 22296.5 4.22 10.33 BLDR BLD COB BLD 1 Y at top DTA2 2199 4%

10/4/2009 Below Log Cabin 289 PLP 79 22375.5 4.24 4.7 8 5 BLDR BLD BED BLD 2 y at base DTA2 2200 n 667048 4367394 changed from MCP pool directly below dam  
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Table 1a. Summary Statistics - Mapped Units Table 2. Stream Cover 

Unit Type

Total 

Length (ft)

Length Rel 

Frequency Number

Number of 

Units 

(frequency)

Average 

width (ft)

Average 

pool depth 

(ft)

Average 

maximum 

pool depth 

(ft)

Average pooltail 

embeddedness 

(%)

Dominant 

Cover Type Number

Relative 

Frequency

Fall 133 0.6% 9 3.1% 25.9 Insignificant 16 14.04%

Cascade 852 4.1% 19 6.6% 30.2 Boulder 93 81.58%

Chute 157.5 0.8% 6 2.1% 15.3 Vegetation 5 4.39%

Rapid Wood 0

High Gradient Riffle 673 3.2% 15 5.2% 26.3 SUM 114 100%

Low Gradient Riffle 4169.5 19.9% 49 17.0% 26.7 QC

Glide 946 4.5% 8 2.8% 29.3

Run 1245 5.9% 24 8.3% 23.5 Table 3.  Reach Summary

Step Run 808 3.9% 12 4.2% 29.1 Total Reach Length: 4.2 mi.

Pocket Water 2613 12.5% 38 13.2% 34.6 Total Mapped Length: 4.0 mi. 94.6% mapped

Sheet 92 0.4% 1 0.3% 30.3 Average Bankfull Width: 29.4 ft. 0.00 mi. charac

Convergance Pool 25 0.1% 1 0.3% 25.0 2.5 Bankfull Depth: 1.7 ft. 94.67% Total m & c

Mid-Channel Pool 8476 40.4% 93 32.3% 30.8 2.4 3.3 7.6 Width:Depth: 17

Lateral Scour Pool 206.5 1.0% 2 0.7% 28.0 1.6 3.5 Flood Prone Width: 0 ft.

Trench Pool Entrenchment Ratio: 0.0

Plunge Pool 582 2.8% 11 3.8% 25.7 3.5 6.0 5.9 Total Spawnable Gravel: 255 ft2 - trout

TOTAL 20978.5 100.0% 288 100.0% 29.4 2.5 3.8 6.7 Avg Largest Patch Size: 12 ft2 - trout

QC 0 Weighted LWD Density: 2 / mile (bankful)

Average Wetted LWD Density: 2 / mile (wetted width)

By Length (ft) Parent Material: granitic pluton, metasedimentary

Bank Erosion % of Reach: 0.6%

Tot No. Passage Barriers: 8  
 
 
 
 
 
Table 4.  Reach Summary  - Substrate and Bank Characteristics 

Total 

Length (ft)

Length Rel 

Frequency

Total 

Length (ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Total Length 

(ft)

Length Rel 

Frequency

Bedrock 2058.5 24.1% 1284 14.9% 3135 36.7% 0

Boulder 4749 55.5% 2762 32.1% 3670.5 43.0% 89 36.5%

Cobble 1584.5 18.5% 3789.5 44.0% 814.5 9.5% 90 36.9%

Gravel 164 1.9% 281 3.3% 0 0

Sand 0 494.5 5.7% 920 10.8% 65 26.6%

Silt 0 0 0 0

SUM 8556 100.0% 8611 100.0% 8540 100.0% 244 100.0%

Dominant Substrate Bank Substrate ErosionBank SubstrateSubdominant Substrate
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Study 3.11 

FISH ENTRAINMENT 
August 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish 
due to entrainment into Project intakes. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over fish in the geographic area covered in 
this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 4) 
State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
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3.0 Existing Information and Need for Additional 
Information 

 
The Project includes 10 locations where a Project facility diverts water from a stream or 
reservoir to another location.  Based on existing information, some of these intakes have a low 
potential to affect fish populations.  For other project intakes, additional data gathering is needed 
to assess potential effects on fish populations.  The sections below describes for each intake, the 
type of intake, the potential for entrainment effects on fish populations, and proposed 
entrainment related data gathering. 
 
3.1 Intakes for which No Additional Data Gathering Is Proposed  
 
3.1.1 Project Dam Low-Level Intakes 
 
The Project includes five dam low-level intakes, each of which is described in Table 3.1-1.  
These are: 1) Our House Diversion Dam low-level intake; 2) Our House Diversion Dam 
auxiliary low-level intake; 3) Log Cabin Diversion Dam low-level intake; 4) Log Cabin 
Diversion Dam auxiliary low-level intake; and 5) New Bullards Bar Dam low-level intake.  In 
each case, the low-level intake is at or near the bottom of the impoundment. 
 
Only two of the low-level intakes, the low-level outlets at Our House and Log Cabin diversion 
dams, are routinely used (almost always in the fully open position to meet instream flow 
requirements).  The other three low-level intakes are used in emergencies or if otherwise needed 
(e.g., during repairs of the low-level intake, or infrequent major outages).1 
 
Table 3.1-1.  Description of Project’s five low-level intakes.  

Intake 
Structure 
(From/To) 

Conduit 
Size 

Control  
Valve/Gate 

Existing 
Minimum 

Release 

Estimated 
Maximum 

Capacity at Full Pool 
(inches) (type) (cfs) (cfs) 

MIDDLE YUBA RIVER 

Our House Diversion Dam 
Low-Level Intake 
(Our House Diversion Dam 
Impoundment/Middle Yuba River 
Immediately Downstream of the  
Dam)  

24 in 
diameter 

Downstream Gate Valve 
Operated Manually 

30 cfs from June 16 
through April 14 and 
50 cfs from April 15 
through June 15, or 

natural inflow into Our 
House Diversion Dam 

Impoundment, 
whichever is less. 

60 cfs.   
Minimum instream 
flow releases are 

normally made through 
this valve unless dam 

spill meets the 
minimum flow 
requirement. 

                                                 
1  From 2005 through 2009, the Our House Diversion Dam Low-Level Auxiliary Intake has been exercised (i.e., tested during 

which the gates are quickly opened and closed) four times (i.e., March 23, April 10 and May 19, 2005; and January 3, 2006), 
and open for 200 days beginning on January 13, 2006, during which, with the approval of FERC, the Forest Service, CDFG 
and SWRCB Licensee removed sediment from Our House Diversion Dam Impoundment.  Since 2005, the Log Cabin 
Diversion Dam Low-Level Auxiliary Intake has been exercised once (i.e., March 23, 2005), and was open for 19 days 
beginning on May 28, 2007.   
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Table 3.1-1.  (continued)  

Intake 
Structure 
(From/To) 

Conduit 
Size 

Control  
Valve/Gate 

Existing 
Minimum 

Release 

Estimated 
Maximum 

Capacity at Full Pool 
(inches) (type) (cfs) (cfs) 

MIDDLE YUBA RIVER (continued) 
Our House Diversion Dam 
Auxiliary Low-Level Intake 
(Our House Diversion Dam 
Impoundment/Middle Yuba River 
Immediately Downstream of the  
Dam) 

72 in 
diameter 

Upstream Slide Gate 
Operated Manually by a 

Motor On-Site 
 

800 cfs.   
Used for emergencies 

only. 

OREGON CREEK 

Log Cabin Diversion Dam 
Low-Level Intake 
(Log Cabin Diversion Dam 
Impoundment/Oregon Creek 
Immediately Downstream of the  
Dam)  

18 in 
diameter 

Downstream Gate Valve 
Operated by Hand 

8 cfs from June 16 
through April 14 and 
12 cfs from April 15 
through June 15, or 

natural inflow into Log 
Cabin Diversion Dam 

Impoundment, 
whichever is less. 

13 cfs.  Minimum 
instream flow releases 

are normally made 
through this valve 

unless dam spill meets 
the minimum flow 

requirement. 
Log Cabin Diversion Dam 
Auxiliary Low-Level Intake 
(Log Cabin Diversion Dam 
Impoundment/Oregon Creek 
Immediately Downstream of the  
Dam) 

72 in  
diameter 

Upstream Slide Gate 
Operated by a Motor by a 

Motor On-Site 

800 cfs. 
Used for emergencies 

only. 

NORTH YUBA RIVER 

New Bullards Bar Dam  
Low-Level Intake 
(New Bullards Bar Reservoir/North 
Yuba River Immediately 
Downstream of the  Dam) 

72 in 
diameter  

Downstream Hollow Jet 
Valve Operated Remotely 

5 cfs at all times. 

3,500 cfs, but actual 
maximum capacity is 
1,250 cfs due to valve 
vibration.  Minimum 

instream flow releases 
are normally made 
through the New 

Bullards Minimum 
Flow Powerhouse.  

 
 
The spacing (i.e., opening between bars) in the trash racks in front of Our House and Log Cabin 
low-level intakes is 8.75 inches.  The spacing in the trash racks in front of Our House and Log 
Cabin auxiliary low-level intakes is 12.375 inches.  The spacing in the trash rack in front of the 
New Bullards Bar Dam Low-Level Intake is 5.0 inches. 
 
A transition fishery2 occurs in the vicinity Our House Diversion Dam.  As described in Section 
7.3.4.1 of the PAD, 2004 snorkeling surveys in the Middle Yuba River about 0.5 mile upstream 
of Our House Diversion Dam found rainbow trout (Oncorhynchus mykiss) and Sacramento 
pikeminnow/hardhead (Ptychocheilus grandis/Mylopharodon conocephalus) (the snorkelers 
were unable to distinguish between the two species); while about 0.5 mile downstream of the 
dam, the snorkelers found rainbow trout, Sacramento pikeminnow, hardhead, smallmouth bass 
(Micropterus dolomieui), and various sucker species (Family Catastomidae) (Gast et al. 2005).  
The general species composition upstream of the dam was confirmed by Nevada Irrigation 
District (NID) in 2008 and 2009 when its snorkeling surveys in the Middle Yuba River about 0.5 
mile upstream of Our House Diversion Dam found Sacramento suckers, rainbow trout, and 
Sacramento pikeminnow (NID and PG&E 2010).  NID did not find any hardhead, a California 

                                                 
2  A transition fishery is one that includes both coldwater and warmwater fishes and is typically found in the Sierra in lower 

elevations where the fish community transitions from a coldwater fishery dominated by trout in the higher elevations to a 
warm water fishery in the lower elevations. 
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Department of Fish and Game (CDFG) Species of Concern and Forest Service Sensitive Species, 
in its sampling.  CDFG does not stock fish in this area of the Middle Yuba River. 
 
YCWA was unable to find any existing information regarding the fish community in Oregon 
Creek near Log Cabin Diversion dam, but the fish community is likely similar to that at Our 
House Diversion Dam.  CDFG does not stock fish in Oregon Creek. 
 
While YCWA was unable to find any recent fish studies of New Bullards Bar Reservoir, CDFG 
fish stocking records are very informative.  The reservoir has a long history of annual fish 
stocking activities dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  
Between 1969 and 2007, about 5 million Kokanee salmon (O. nerka), nearly 1.6 million rainbow 
trout, just over 310,000 Eagle Lake rainbow trout, 40,000 brook trout (Salvelinus fontinalis), 200 
eastern brook trout, 200 cutthroat trout (Oncorhynchus clarki), Kamloop rainbow trout, and 185 
spotted bass (Micropterus punctulatus) were planted in New Bullards Bar Reservoir by CDFG 
(CDFG 1989, 2007).  Besides these fishes, sport fishermen report catching in the reservoir 
largemouth bass (M. salmoides), smallmouth bass, redear sunfish (Lepomis microlophus), 
crappie (Pomoxis sp.), bluegill (L. macrochirus) and channel catfish (Ictalurus punctatus). 
 
Based on the above information, the potential affects to fish populations due to possible 
entrainment into one or more of the above low-level intakes is low.  No fishes listed as 
endangered or threatened under the federal Endangered Species Act (ESA) or California 
Endangered Species Act (CESA) are potentially affected, and hardhead, a California Species of 
Concern and Forest Service Sensitive Species, may or may not be affected: Gast et al. (2005) 
reported possible observing some in 2004 but NID did not find any in 2008 and 2009.  Second, 
any fish entrained into either Our House or Log Cabin diversion dam low-level intakes would 
not be damaged since they would simply pass unimpeded (i.e., not pass through any valves) to 
the river downstream of the dam.  Potential entrainment effects related to Our House and Log 
Cabin diversion dam auxiliary intakes and the New Bullards Bar Dam low-level intake would be 
very short-term since these intakes are used on a very infrequent basis.  Further, with regards to 
the New Bullards Bar Dam low-level intake, the potential for fish to be entrained during its 
infrequent use is low because the intake is located at elevation 1,447.7 ft in the reservoir, over 
508 feet below the reservoir surface at full pool (El. 1,956 ft), where fish normally do not 
congregate. 
 
Given the low potential to entrain native fish, the fish populations potentially affected contain no 
special-status, ESA-listed or CESA-listed fishes with the possible exception of hardhead, and the 
fish that may be entrained through intakes that are normally used would not be damaged, no 
additional data gathering regarding entrainment effects at the Project’s five low-level intakes is 
proposed. 
 
3.1.2 Project Power Diversions 
 
The Project includes three water diversions, each of which terminates at a powerhouse or a 
powerhouse bypass.  These are 1) New Bullards Minimum Flow Powerhouse Penstock, 2) New 
Colgate Power Tunnel and 3) Narrows 2 Powerhouse Penstock.  Table 3.1-2 provides 
information regarding the conduits, and Figures 3.1-1 and 3.1-2 and 3.1-3 show the amount of 
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water diverted by each structure in representative normal, wet and dry water years.  Figure 3.1-1 
shows the New Colgate Power Tunnel Intake portals. 

 
Figure 3.1-1.  New Colgate Power Tunnel Intake. 
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Table 3.1-2.  Description of Project power diversions. 

Intake 
Structure 
(From/To) 

Conduit 
Description 

Turbine Number 
and Type/Bypass 
Control Valve or 

Gate 

Depth of 
of Intake Invert 

at Full Pool 

Existing Minimum 
Release 

Estimated 
Maximum 
Capacity 

(type & size) (# and type) (feet) (cfs) (cfs) 
NORTH YUBA RIVER 

New Bullards Bar 
Minimum Flow 
Powerhouse 
Penstock 
(New Bullards Bar 
Reservoir/North 
Yuba Rive at base of 
New Bullards Bar 
Dam) 

70-foot long, 12 in 
diameter steel pipe 

1 Pelton Turbine/ 
No Powerhouse 

Bypass 

508.5 ft deep 
(El, 1,447.5 ft as 
compared to full 

pool at El. 1,956 ft),  

5 cfs at all times 6 cfs 

New Colgate Power 
Tunnel and Penstock 
(New Bullards Bar 
Reservoir/ 
Yuba River) 

 5.2 miles long and 
composed of four 
different types of 

conveyance 
structures: an 

unlined horseshoe 
tunnel 26 feet 

square; an lined 
horseshoe tunnel 20 
feet wide and 14.5 
feet high; a lined 
circular tunnel 14 

feet in diameter; and 
2,809 feet of steel 
penstock with a 

diameter ranging 
from 9 feet to 14.5 

feet.   

2 Pelton Turbines/ 
No Powerhouse 

Bypass 

Two openings in 
intake structure: 

deeper opening is 
336 ft deep 

(El, 1,620 ft as 
compared to full 

pool at El. 1,956 ft) 
and 

 upper opening is 
148 ft deep 

(El, 1,808 ft as 
compared to full 

pool at El. 1,956 ft) 
 

5 cfs at all times 3,500 cfs  

YUBA RIVER 
Narrows 2 
Powerhouse 
Penstock  
(USACE’s 
Englebright 
Reservoir/Yuba 
River about 200 ft 
downstream of base 
on USEACE’s 
Englebright Dam) 

748 ft long 
composed of two 

sections: the first is 
a 376-ft long section 
20 feet in diameter 
and concrete lined, 
and the second is a 
372- ft long section 
14 feet in diameter 

and steel lined.  

1 Francis Turbine/ 
Two Powerhouse 
Bypasses: 1) a 78-
inch diameter fixed 
cone valve; and 2) a 

36-inch diameter 
bypass valve. 

86 ft deep 
(El. 439.0 ft as 

compared to full 
pool at El. 525 ft) 

Downstream of 
Narrows 1 and 2 
Powerhouses:1 

Oct 16–10: 600–
1,050 cfs 
Nov: 600-700 cfs 
Dec: 600-1,400 cfs 
Jan 1-15: 1,000-
1,850 cfs 
 

3,400 cfs through 
the Powerhouse, 
3,000 cfs through 

the 78 inch Bypass 
Valve, and 650 cfs 
through the 36 inch 

Bypass Valve 

1  The Project FERC license includes a ramping rate below USACE’s Englebright Dam (Article 33(f), and minimum flows requirements 
downstream of USACE’s Daguerre Point Dam (Article 33(d). 

 
 
YCWA has not used the upper gate on the New Colgate Power Tunnel and Penstock Intake since 
1993 when YCWA convened a Temperature Advisory Committee to obtain more-refined 
recommendations for the operation of New Bullards Bar Reservoir’s multilevel outlet.  The 
committee was composed of YCWA, United States Fish and Wildlife Service (USFWS), and 
CDFG.  After reviewing temperature model data and the operating options, USFWS and CDFG 
recommended that water releases from New Bullards Bar Reservoir be as cold as possible at all 
times.  YCWA immediately implemented this recommendation and, since 1993, all controlled 
releases of water from New Bullards Bar Reservoir through New Bullards Bar Minimum Flow 
Powerhouse into the North Yuba River and through New Colgate Powerhouse into the Yuba 
River have been from the lower intake, which withdraws water from the coldest, deepest part of 
the New Bullards Bar Reservoir.  
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The spacing (i.e., opening between bars) in the trash racks in front of the New Bullards Bar 
Minimum Flow Powerhouse Penstock Intakes is 5.00 inches, and the spacing in the trash racks in 
front of the New Colgate Power Tunnel and Penstock Intake is 2.25 inches.  The spacing in front 
of the Narrows 2 Powerhouse Penstock Intake is 4.1875 inches. 
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Figure 3.1-1.  Mean Daily flow through New Bullards Minimum Flow Powerhouse Penstock in 
representative Normal (2005), Wet (1998) and Dry (2001) water years. 
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Figure 3.1-2.  Mean daily flows through New Colgate Power Tunnel in representative Normal 
(2005), Wet (1998) and Dry (2001) water years. 
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Figure 3.1-3.  Mean dialy flows through Narrows 2 Powerhouse Penstock in representative Normal 
(2005), Wet (1998) and Dry (2001) water years. 
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Included in Figure 3.1-3 is combined flow through the two Narrows 2 Powerhouse bypasses and 
the powerhouse.  The 36-inch diameter valve was included in the original powerhouse design 
and the 78-inch diameter valve was added in 2007 to provide the capability to bypass flows of up 
to 3,000 cubic feet per second (cfs) around the Narrows 2 Powerhouse during times of full or 
partial powerhouse shutdown.  Use of the bypass valves vary by year.  Prior to installation of the 
72-inch diameter valve in 2007, the 36-inch diameter valve was used for 34 days in 2005 
(average flow of 103 cfs) and 15 days in 2006 (130 cfs).  Since 2006, the two bypass valves were 
used, either separately or in combination, for 89 days in 2007 (combined average flow of 695 
cfs), 166 days in 2008 (177 cfs) and 201 days in 2009 (193 cfs). 
 
As described above, fish population data is limited but information available at this time 
identifies the fish community in New Bullards Bar Reservoir as a stocked fishery composed of 
Kokanee, rainbow trout, Eagle Lake rainbow trout, brook trout, eastern brook trout, cutthroat 
trout, Kamloop rainbow trout and spotted bass.  Other fishes known to occur in the reservoir 
include largemouth bass, smallmouth bass, red ear sunfish, crappie, bluegill sunfish and channel 
catfish.  CDFG has conducted surveys of fish in old and New Bullard’s Bar reservoirs since the 
1950s.  A 1959 survey of fish species in the old Bullard’s Bar Reservoir found 12 species of fish 
including bass, crappie, sunfish, bluegill, bullhead, shiners, Sacramento pikeminnow, sucker, and 
carp species.  A subsequent summary report for CDFG fish survey activities in the reservoirs 
from 1959 through 1974 identified 16 species of fish as relatively common in the reservoirs, 
including smallmouth and largemouth bass, black crappie (Pomoxis nigromaculatus) white 
crappie (Pomoxis annularis), warmouth (Lepomis gulosus), green sunfish (Lepomis cyanellus) 
red-ear sunfish, bluegill, brown bullhead (Ameiurus natalis), Sacramento pikeminow, 
Sacramento sucker (Catostomus occidentalis), common carp (Cyprinus carpio), rainbow trout, 
and Kokanee salmon (CDFG 1974).  Brown trout and white catfish (Ameiurus catus) are noted 
as rare occurrences.  Channel catfish, threadfin shad (Dorosoma petenense), and fathead minnow 
(Pimephales promelas) were reportedly planted in the reservoir prior to 1960, but were not 
captured during any surveys.  Golden shiners (Notemigonus crysoleucas) were observed only in 
1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  The first documented CDFG capture of 
trout was reported in 1970 (CDFG 1963, 1970).  Kokanee salmon were first documented during 
CDFG survey efforts in 1972 (CDFG 1963, 1970, 1972). 
 
Like for the fishery in New Bullards Bar Reservoir, YCWA was unable to find any recent fish 
population studies in the United States Army Corps of Engineer’s (USACE) Englebright 
Reservoir, but CDFG fish stocking records are very informative.  As with New Bullards Bar 
Reservoir, the USACE’s Englebright Reservoir has a long history of annual fish stocking 
activities dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  CDFG 
stocking records indicate that fish plantings in the USACE’s Englebright Reservoir have taken 
place from 1965 through 2007. During this period, just over 756,000 rainbow trout, 228,320 
Kokanee, 6,973 lake trout, nearly 28,000 brown trout (Salmo trutta), 4,000 Eagle Lake rainbow 
trout, 2,640 brook trout, 45 white crappie (Pomoxis annularis), and 80 black crappie (P. 
nigromaculatus) were planted (CDFG 2007).  Stocked species were primarily from the Shasta 
and San Joaquin hatcheries.  Creel surveys conducted from July 2003 through May 2004 
documented 12 sport fish species in USACE’s Englebright Reservoir, including spotted bass, 
smallmouth bass, largemouth bass, bluegill, brown trout, rainbow trout, carp, channel catfish, 
crappie, Kokanee, sucker, yellow perch (Perca flavescens), and Sacramento pikeminnow 
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(CDWR 2006).  Additionally, Englebright Reservoir has a known self-sustaining population of 
Hardhead (J. Rowan, pers. comm., 2011). 
 
Based on the above information, the potential effects to fish populations due to entrainment into 
one or more of the above power tunnels intakes is low.  First, the native fish populations that 
would be affected are primarily stocked fish used to support a put-and-take fishery.  There is a 
reported occurrence of hardhead in Englebright Reservoir, but hardhead are not a deepwater 
species and their life history describes them being in much shallower depths.  There are no 
reported occurrences of, ESA-listed or CESA-listed fishes in the reservoirs.  Second, the intakes 
occur deep in each reservoir where it is unlikely that fish congregate.  However, fish population 
assessments have not been conducted to identify the species and age classes of this reservoir 
community. 
 
Given the low potential to entrain fish and since the fish populations potentially affected are not 
known to include ESA-listed or CESA-listed fishes and the reservoirs support a put-and-take 
fishery, no additional data gathering regarding entrainment effects at the Project’s three power 
intakes is proposed. 
 
3.2 Intakes for which Additional Data Gathering Is Proposed 
 
3.2.1 New Bullards Bar and USACE’s Englebright Reservoir 
 
Entrainment monitoring is currently not proposed at either New Bullards Bar or USACE’s 
Englebright Reservoir.  Reservoir fish population sampling will be conducted near each dam’s 
intakes up to a depth of 100 ft.  This sampling will help characterize deepwater fish populations 
in both reservoirs and be used for any future discussions of entrainment at either dam facility. 
 
3.2.2 Project Non-Power Diversion Intakes 
 
The Project includes two non-power diversions intakes: 1) Lohman Ridge Tunnel; and 2) 
Camptonville Diversion Tunnel.  Both diversions are from small impoundments (<200 acres), 
and the water conduits are composed entirely of underground tunnel except in the immediate 
vicinity of the intake and outlet where the tunnel daylights.  Table 3.2-1 provides information 
regarding the conduits, and Figures 3.2-1 and 3.2-2 show the amount of water diverted by each 
structure in representative normal, wet and dry water years.  Since flow into the tunnels was not 
gaged prior to Water Year 1989, the 1988 data in Figures 3.2-1 and -2 are the result of a 
synthesis. 
 
The spacing (i.e., opening between bars) in the trash racks in front of the Lohman Ridge and 
Camptonville diversion tunnel intakes is 10.625 inches and 11.0 inches, respectively. 
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Table 3.2-1.  Description of Project’s non-power diversion intakes. 

Intake 
Structure 
(From/To) 

Dimensions 
and 

Type 

Intake   
Structure 

Outlet 
Structure  

Estimated 
Maximum 
Capacity 

(feet and type) (type) (type) (cfs) 
MIDDLE YUBA RIVER 

Lohman Ridge Diversion Tunnel 
Intake 
(Our House Diversion Dam 
Impoundment on Middle Yuba 
River/Log Cabin Diversion Dam 
Impoundment on Oregon Creek)  

12.5 ft high by 12.5 
ft wide, 19,410 feet 
(90% unlined and 
10% lined) Tunnel 

 

15 ft high by 12 ft wide 
concrete structure with a 
trash rack and  slide gate 
operated manually by a 

motor on-site 

15 ft high by 12 ft 
wide concrete 

structure: no control or 
enclosure (e.g., rack or 

fence) 

860 cfs 

OREGON CREEK 

Camptonville Diversion Tunnel 
Intake 
(Log Cabin Diversion Dam 
Impoundment on Oregon 
Creek/New Bullards Bar Reservoir 
on North Yuba River) 

6,107 ft Tunnel.  
First 4,275-ft 
section is an 

unlined, horseshoe 
tunnel 14.5 ft wide 
by 14.5 ft high, and 
the second 1,832-ft 

section is a lined 
11.7 ft wide by 13 
ft high  horseshoe 

tunnel. 

14.5 ft high by 14.5 ft 
wide concrete structure 
with a trash rack and  
slide gate operated 

manually by a motor on-
site 

13 ft high by 11.7 ft 
wide concrete 

structure: no control or 
enclosure (e.g., rack or 

fence) 

1,100 cfs 
(Includes direct 

diversion of natural 
flow in Oregon Creek 

and re-diversion of 
water from Middle 
Yuba River through  

Lohman Ridge 
Diversion Tunnel into 

the Log Cabin 
Impoundment.)   
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Figure 3.2-1.  Mean daily flows in Lohman Ridge Diversion Tunnel in representative Normal 
(2005), Wet (1998) and Dry (2001) water years.  
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Figure 3.2-2.  Mean daily flows in Camptonville Diversion Tunnel in representative Normal (2005), 
Wet (1998) and Dry (2001) water years. 
 
 
As described above, the fish community potentially affected by entrainment into the Lowman 
Ridge Diversion Tunnel Intake is a transition fishery with no special-status, ESA-listed or 
CESA-listed fishes with the possible exception of hardhead (CSC).  Little information is known 
concerning the potentially-affected fish community in Oregon Creek, but the fish community is 
likely composed of the same fish as near the Lohman Ridge Diversion Tunnel intake.   
 
While the two tunnels generally do not divert water from around mid July through October, 
significant amounts of water are diverted at other times of the year.  Given the volume of water 
diverted by the two intakes, the potential for fish to be entrained is high when the diversions 
occur, which could affect local fish populations. 
 

4.0 Study Goals and Objectives 
 
The goal of this study is to determine if the withdrawal of water at the Project’s Lohman Ridge 
and Camptonville Diversion tunnel intakes are likely to have adverse effects on native fish 
populations. 
 
The objective of this study is to gather the information necessary to address the study. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Middle Yuba River in the immediate vicinity of Our House 
Diversion Dam and Oregon Creek in the immediate vicinity of the Log Cabin Diversion Dam. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
YCWA will obtain all necessary permits prior to performing fieldwork. 
 
5.2 General Concepts 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following four steps, each of which is described below.   
 
5.3.1 Step 1 – Collect, Tag and Release Fish   
 
YCWA will conduct four field efforts in March 2011, two each in Our House Diversion Dam 
and Log Cabin Diversion Dam impoundments, to collect up to 30 8 inch or longer rainbow trout 
in each impoundment.  Sampling will be performed using hook and line, gill nets, and/or fyke 
nets.  Uninjured captured fish will be radio tagged and released immediately into the 
impoundment from which they were captured.  For each rainbow trout caught, YCWA will 
record length and weight, time the fish was captured and released, condition, and the radio tag 
frequency.   
 
YCWA currently is planning to use a Lotek NanoTag radio transmitter, which will be surgically 
inserted in the peritoneal cavity of the rainbow trout following standard methods outlined in 
Moore et al. (1990 a, b).  Radio transmitters are highly effective at tracking individual fish in 
freshwater at monitoring depths up to 150 to 200 feet, depending upon conductivity (Shroyer and 
Logsdon 2009).   
 
If YCWA is unable to capture the target fish in the impoundment in the two sampling events, 
YCWA will seek permission from CDFG to tag and release hatchery fish to meet the target 
number of 30 fish in the impoundment in the same time frame.   
 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.2 Step 2 – Track Fish Movement    
 
YCWA will begin tracking the movement of radio tagged fish as soon as they are released and 
continue tracking for the term of the expected life of the radio tag (~24 days).  It is not currently 
known if a fixed monitoring station will be able to be fitted into the tunnel intakes and outlets, 
but the logistics of that installations will be investigated.  Both fixed monitoring stations and 
mobile monitoring will occur.  The configuration of the monitoring will be determined after a 
logistical assessment is completed, but the configuration will be able to determine movement in 
the impoundment and entrainment into the tunnel, if it occurs.  Mobile tracking will be 
conducted 5 days a week for the monitoring period to identify fish positions.  If it is determined 
that fixed monitoring stations are feasible, monitoring at those stations would likely occur over 
24 hour periods.  
 
If a transmitter does not move for more than one day, the fish will be considered deceased and 
removed from the monitoring effort.   
 
5.3.3 Step 3 – QA/QC and Analyze Data 
 
YCWA will perform a quality assurance/quality control review of the data.  The fish radio 
tracking data will be analyzed in combination with the results of YCWA’s Stream Fish 
Populations Study data to assess the potential for effects to rainbow trout stream populations due 
entrainment into the two diversion tunnels.     
 
5.3.4 Step 4 – Prepare Report   
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any. 
 
For all special-status fish observations, YCWA will complete and file the appropriate California 
Natural Diversity Database form. 
 

6.0 Study-Specific Consultation 
 
This study does not include any specific consultation unless the target number of fish can not be 
collected at each impoundment.  In that case, YCWA will consult with CDFG regarding using 
hatchery fish to supplement the collected fish to perform the study. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming the PAD is filed on 
November 1, 2010, and FERC issues its Study Determination by October 4, 2011: 
 
Collect, Tag and Release Fish (Step 1) .........................................................................  March 2012 

Track Fish Movement (Step 2) .........................................................................  March - April 2012 



Yuba County Water Agency 
Yuba River Development Project  
FERC Project No. 2246 
 

 
Fish Entrainment Revised Study Plan August 2011 
Page 16 of 18 ©2011, Yuba County Water Agency  

QA/QC and Analyze Data (Step 3) ............................................................................... August 2012 

Prepare Report (Step 4)  .......................................................................................... September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0  Level of Effort and Cost 
 
YCWA believes the cost range estimate for this study in 2011 dollars to be from $175,000 to 
$235,000.  
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Study 4.1 

SPECIAL-STATUS WILDLIFE - 
CALIFORNIA WILDLIFE HABITAT RELATIONSHIPS 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) and recreation has the potential to 
affect special-status wildlife.1 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resources to be Studied 

 
YCWA believes that three agencies have jurisdiction over wildlife in the geographic area 
included in this study proposal: 1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); and 3) California Department of Fish and Game (CDFG).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 

                                                 
1  Special-status wildlife are considered those wildlife species: 1) found on National Forest System (NFS) land and formally 

listed by the United States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator 
Species; 2) listed under the federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or 
threatened or proposed for delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as 
endangered or threatened or proposed for delisting; or 5) formally listed by California Department of Fish and Game as a 
Species of Special Concern. For the purpose of this study proposal, species listed as threatened or endangered under the ESA 
or CESA are addressed separately. 
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3.0 Study Goals and Objectives 
 
The goal of this study is to determine presence and distribution of special-status wildlife in the 
vicinity of the existing FERC Project Boundary,2  and Project O&M activities that might affect 
these species.  The objective of the study is to query California Department of Fish and Game’s 
(CDFG) California Wildlife Habitat Relationships (CWHR) system and Project Operations’ Staff  
to meet the study goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring special-status 
wildlife in the Project Vicinity3 is available from the California Natural Diversity Database 
(CNDDB), CDFG’s CWHR program and the United States Department of Agriculture Forest 
Service (Forest Service) Geographic Information System (GIS) database.  Forest Service data 
also include various biological evaluations addressing special-status wildlife.  This information is 
useful in developing a target list of special-status wildlife species for the study and identifying 
their potential habitat in the Project Area.   
 
Based on the general vegetation patterns described in the Botanical Resources section of the 
PAD (Section 7.5), YCWA classified wildlife habitats in the Project Vicinity using the CWHR 
program (de Becker and Sweet 1988; CDFG 2005, 2009a).  The CWHR model predicts wildlife 
use based on habitat type, age class, size class, canopy closure or cover, and occurrence of 
specific habitat elements that influence thermal cover, forage, prey availability, nesting, escape 
cover, and breeding.  YCWA assessed upland vegetation with information from the Forest 
Service’s CalVegetation (CalVeg) mapping system, which are publicly available data (USDA 
2004a), and the Forest Service’s Crosswalk (USFS 2004b) to identify habitats in the Project 
Vicinity.  The Crosswalk converts CalVeg Alliances into the appropriate CWHR habitat type. 
Using the identified habitat types and CWHR, YCWA identified terrestrial vertebrate wildlife 
species potentially occurring within the Project Vicinity.  

The results of the CWHR analysis and current lists of special-status wildlife indicate that there 
are 41 species with potential to occur in the Project Area including 1 reptile, 28 birds and 12 
mammals.  Table 4.0-1 provides the target list of special-status wildlife for this study including 
for each species: 1) status; 2) general habitat preference; and 3) CWHR habitats.  
 

                                                 
2  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next major 
water controlling feature or structure.  

3  For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 
States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Table 4.0-1.  Special-status wildlife species known to occur or with the potential to occur within the 
Project Area for the Yuba River Development Project. 

Species 
Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

REPTILES 

Coast horned lizard 
Phrynosoma coronatum 

FSS,  
SSC 

Variety of habitats including scrubland, 
grassland, coniferous woods, and 
broadleaf woodlands. 

Yearlong-AGS, BOP, 
BOW, MHC, PPN 

NatureServe 2009 
Vindum and Koo 1999 
CDFG 2008 

BIRDS 
American white pelican 
Pelecanus 
erythrorhynchos 

SSC 
Rivers, lakes, reservoirs, estuaries, bays, 
marshes; sometimes inshore marine 
habitats. 

Summer-BAR, 
Yearlong & Winter-
WAT 

NatureServe 2009 
CDFG 2008 

Redhead 
Aythya americana 

SSC 
Open water on lakes, ponds, and 
reservoirs. 

Winter-WAT 
NatureServe 2009 
CDFG 2008 

Northern goshawk 
Accipiter gentilis 

FSS,  
SSC 

Lodgepole Pine, Red Fir, Mountain 
Hemlock, White Pine and Mixed 
Conifer dominated forest  

Yearlong- DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Winter-BOP, 
BOW 

TNF 1978 
TNF 2006 
TNF 2007 
CDFG 2008 

Blue grouse 
Dendragopus obscurus 

MIS 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir, Mountain 
Hemlock and White Pine dominated 
forest from 1200 ft to 7500 ft elevation 

Yearlong – MHC, 
SMC, PPN, WFR, 
SCN 

TNF 1978 
TNF 2006 
CDFG 2008 

Oregon vesper sparrow 
Pooecetes gramineus 
affinis  

SSC 
Plains, prairie, dry shrublands, savanna, 
weedy pastures, fields, sagebrush, arid 
scrub, and woodland clearings. 

Winter-AGS, BOP, 
BOW.  Summer-MCP 

NatureServe 2009 
CDFG 2008 

Grasshopper sparrow 
Ammodramus 
savannarum 

SSC 

Prefer grasslands of intermediate height 
and are often associated with clumped 
vegetation interspersed with patches of 
bare ground.  Other habitat requirements 
include moderately deep litter and sparse 
coverage of woody vegetation. 

Summer-AGS 
NatureServe 2009 
CDFG 2008 

Fox sparrow 
Passerella iliaca 

MIS 

Dense thickets in coniferous or mixed 
woodlands, chaparral, along rivers and 
creeks.  Requires dense brushy cover 
during the nesting season. 

Yearlong-MHC, MCH CDFG 2008 

Olive-sided flycatcher 
Contopus cooperi 

SSC 

Forest and woodland, in burned-over 
areas with standing dead trees, in taiga, 
subalpine coniferous forest and mixed 
coniferous-deciduous forest.  Also 
swampy edges of lakes, marshy streams, 
backwaters of rivers. 

Summer-DFR, MHC, 
MHW, PPN, SMC.  
Migrant-BOP 

NatureServe 2009 
CDFG 2008 

Yellow-headed blackbird 
Xanthocephalus 
xanthocephalus 

SSC 

Fresh-water marshes of cattail, tule, or 
bulrushes.  Nests in wet grasses, reeds, 
cattails.  Also in open cultivated lands, 
pastures and fields. 

Yearlong-WAT.  
Summer-AGS 

NatureServe 2009 
CDFG 2008 

Tricolored blackbird 
Agelaius tricolor 

SSC 

Fresh-water marshes of cattails, tule, 
bulrushes, and sedges.  Nests in 
vegetation of marshes or thickets, 
sometimes nests on the ground.  
Historically strongly tied to emergent 
marshes; in recent decades much nesting 
has shifted to non-native vegetation. 

Yearlong-AGS 
NatureServe 2009 
CDFG 2008 

Yellow warbler 
Dendroica petechia 

MIS,  
SSC 

Open scrub, second-growth woodland, 
thickets, farmlands and gardens, 
especially near water; riparian 
woodlands, especially of willows, in the 
West. 

Summer-BOP, BOW, 
MCP, MHC, MHW, 
PPN, SMC.  Migrant-
DFR 

NatureServe 2009 
CDFG 2008 
TNF 1978 
 

Hairy woodpecker 
Picoides villosus 

MIS 

Mature woods with large old trees 
suitable for cavity nesting; also common 
in medium-aged forests; prefers woods 
with a dense canopy 

Yearlong – MHC, 
MHW 

NatureServe 2009 
CDFG 2008 

Common yellowthroat 
Geothlypis trichas 

SSC 

Marshes (especially cattail), thickets 
near water, bogs, brushy pastures, and 
old fields.  In migration and winter also 
in brushy and shrubby areas in both 
moist and arid regions. 

Yearlong-AGS, BOP, 
BOW, DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Summer-MRI 

CDFG 2008 
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Table 4.0-1.  (continued) 
Species 

Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

BIRDS (continued) 

Black-backed 
woodpecker 
Picoides arcticus 

MIS 

Associated with boreal and montane 
coniferous forests, especially in areas 
with standing dead trees such as burns, 
bogs, and windfalls; less frequently in 
mixed forest 

Yearlong – SMC, 
MHC 

NatureServe 2009 
CDFG 2008 

Mountain quail  
Oreortyx pictus 

MIS 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir, Mountain 
Hemlock and White Pine dominated 
forest from 1200 ft to 7500 ft elevation 
and mountain chaparral 

Yearlong – RFR, 
MHW, SMC, PPN, 
WFR, SCN 
 

TNF 1978 
TNF 2006 

California spotted owl 
Strix occidentalis 
occidentalis 

 FSS,  
MIS, 
 SSC 

 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir White Fir, 
Ponderosa Pine, Sugar Pine, Incense 
Cedar, Douglas Fir  

Yearlong-BOP, MHW.  
Summer-MRI 

TNF 1978 
TNF 2006 
TNF 2007 

Common  loon 
Gavia immer 

SSC 
Lakes containing both shallow and deep 
water areas 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 

Long-eared owl 
Asio otus 

SSC 

Deciduous and evergreen forests, 
orchards, wooded parks, farm woodlots, 
river woods, desert oases. Wooded areas 
with dense vegetation needed for 
roosting and nesting, open areas for 
hunting. 

Yearlong-AGS, BOP, 
BOW, MCP, MHC, 
MHW, PPN, SMC 

NatureServe 2009 
CDFG 2008 

Short-eared owl 
Asio flammeus 

SSC 
Broad expanses of open land with low 
vegetation for nesting and foraging are 
required.  

Yearlong-AGS 
Winter-BOP, BOW, 
DFR, NHC, PPN, 
SMC 

NatureServe 2009 
CDFG 2008 

Purple martin 
Progne subis 

SSC 
A wide variety of open and partly open 
situations, frequently near water or 
around towns 

Summer-AGS, BOP, 
BOW, DFR, MHC, 
MHW, PPN, SMC, 
WAT 

NatureServe 2009 
CDFG 2008 
TNF 1978 

Loggerhead shrike 
Lanius ludovicianus 

SSC 

Open country with scattered trees and 
shrubs, savanna, desert scrub, and, 
occasionally, open woodland; often 
perches on poles, wires or fence posts. 

Yearlong-AGS, BAR,  
BOP, BOW, MCH, 
MHC, MHW, PPN 

NatureServe 2009 
CDFG 2008 

Yellow-breasted chat 
Icteria virens 

SSC 

Second growth, shrubby old pastures, 
thickets, bushy areas, scrub, woodland 
undergrowth, and fence rows, including 
low wet places near streams, pond 
edges, or swamps; thickets with few tall 
trees 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 

Barrow’s goldeneye 
Bucephala islandica 

SSC 
Winters on lakes, rivers, estuaries, and 
bays. Usually nests near lake or pond 
surrounded by dense vegetation. 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 

Harlequin duck 
Histrionicus histrionicus 

SSC 
Historic breeding grounds include west 
slope of the Sierra Nevada along shores 
of swift, shallow rivers. 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 

Northern harrier 
Circus cyaneus 

SSC 
Marshes, meadows, grasslands, and 
cultivated fields. 

Yearlong-AGS, BAR, 
BOP, BOW, WAT.  
Summer-DFR, MCP, 
MHC, MHW, PPN, 
SMC 

NatureServe 2009 
CDFG 2008 

Black swift 
Cypseloides niger 

SSC 
Nests in moist crevices or caves, or on 
cliffs near waterfalls in deep canyons. 
Forages widely over many habitats 

Summer-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC, WAT 

NatureServe 2009 
CDFG 2008 
TNF 1978 

Vaux’s swift 
Chaetura vauxi 

SSC 
Found in mature forests but also forages 
and migrates over open country. 

Summer-BOP, DFR, 
MCP, MHC, MHW, 
PPN, SMC, WAT 

NatureServe 2009 
CDFG 2008 

Black tern 
Chlidonias niger 

SSC 
Marshes, along sloughs, rivers, 
lakeshores, and impoundments, or in wet 
meadows 

Summer-WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 
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Table 4.0-1.  (continued) 
Species 

Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

BIRDS (continued) 

Burrowing owl 
Athene cunicularia 

SSC 

Open grasslands, especially prairie, 
plains, and savanna, sometimes in open 
areas such as vacant lots near human 
habitation or airports. 

Yearlong-AGS, BAR, 
BOP, BOW, MCP, 
PPN 

NatureServe 2009 
CDFG 2008 
 

MAMMALS 

Western red bat 
Lasiurus blossevillii 

FSS, 
 SSC 

Roosts in foliage, forages in open areas 
(sea level up through mixed conifer 
forests) 

Yearlong-AGS, BOP, 
BOW, MCP, MHC.  
Summer-DFR, MHW, 
PPN, SMC, WAT 

SFWPA 2006 
TNF 2005 
CDFG 2008 
 

Spotted bat 
Euderma maculatum 

SSC 
Arid deserts, grasslands, and mixed 
conifer forests (0–9,800 ft) 

Yearlong-AGS, BOP, 
BOW, MCP, MHC, 
PPN, SMC, WAT 

SFWPA 2006 
CDFG 2008 
 

Townsend’s big-eared bat 
Corynorhinus townsendii 

FSS,SSC 
Roosts in buildings, mines, tunnels, and 
caves; feeds along habitat edges (0-
10,365 ft) 

Yearlong-BAR, BOP, 
BOW, DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Summer-AGS, 
WAT 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Pallid bat 
Antrozous pallidus 

FSS, SSC 
Roosts in caves, crevices, and buildings; 
feeds in a variety of open habitats (8,000 
ft) 

Yearlong-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC.  Sumer-
WAT 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Western mastiff bat 
Eumops perotis 

SSC 

Open areas with abundant roost 
locations provided by crevices in rock 
outcrops and buildings  at lower 
elevations, but as high as 8,700 ft 

Yearlong-AGS, BAR, 
BOP, BOW, MCP, 
MHC, MHW, PPN 

SFWPA 2006 
CDFG 2008 
 

American marten  
Martes americana 

FSS, MIS 
Late successional forest near streams 
and meadows 

Yearlong-BAR, DFR, 
MHC, PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 

Pacific fisher 
Martes pennanti 

FSS, SSC 
Late successional forest near streams 
and meadows  

Yearlong-DFR, MHC, 
PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 

Northern flying squirrel 
Glaucomys sabrinus 

MIS, , FSS 
Coniferous and mixed forest, but will 
utilize deciduous woods and riparian 
woods 

Yearlong-BOP, BOW, 
DFR, MHC, MHW, 
PPN, SMC 

NatureServe 2009 
CDFG 2008 
 

Mule deer 
Odocoileus hemionus 

MIS 

Early to intermediate successional stages 
of most forest, woodland, and brush 
habitats interspersed with herbaceous 
openings, dense brush or tree thickets, 
riparian areas, and abundant edge 

Yearlong-AGS, BOP, 
BOW, DFR, MCP, 
MHC, MHW.  
Summer-PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Sierra Nevada 
snowshoe  hare 
Lepus americanus 
tahoensis 

SSC 

Riparian communities with thickets of 
deciduous trees and shrubs such as 
Willows and Alders. They also frequent 
dense thickets of young conifers and 
chaparral 

Yearlong-DFR, SMC 
NatureServe 2009 
CDFG 2008 
 

American badger 
Taxidea taxus 

SSC 

Prefers open areas and may also frequent 
brushlands with little groundcover.  
When inactive, occupies underground 
burrow. 

Yearlong-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC 

NatureServe 2009 
CDFG 2008 
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Table 4.0-1. (continued) 

Species 
Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

MAMMALS (continued) 
Sierra Nevada mountain 
beaver 
Aplodontia rufa 
californica 

SSC Dense riparian-deciduous and open, 
brushy stages of most forest types 

Yearlong – MCH, 
MHC, SMC 

NatureServe 2009 
CDFG 2008 

 
 1Status: 
 SSC =  California Species of Special Concern (CDFG 2009b) 
 FSS =  United States Forest Service Sensitive Species (USFS 2001) 
 MIS =  Management Indicator Species (TNF 2006) 
2 Vegetation communities and habitats as defined in the California Wildlife Habitat Relationships system. 
      AGS = Annual Grass 
      BAR = Barren 

BOP = Blue Oak Foothill Pine 
BOW = Blue Oak Woodland 
DFR = Douglas Fir 
MCH = Mixed Chaparral 
MCP = Montane Chaparral 
MHC = Montane Hardwood Conifer 
MHW = Montane Hardwood 
PPN = Ponderosa Pine 
SMC = Sierran mixed Conifer 
URB = Urban 

 WAT = Lacustrine and Riverine (Water) 

 
 
In order to meet the goals of the study, YCWA has identified the following additional 
information needs: 1)  development of maps identifying CWHR habitat types for each species 
identified in table 4.0-1; 2)  known protected wildlife habitats (e.g., California Spotted Owl 
Protected Activity Centers [PACs] and Home Range Core Areas, Northern goshawk PAC), and 
CNDDB and USFS species occurrence data for target species; and 3) a list of Project O&M 
activities that includes location and duration of the activity. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary4 and an area 
extending 0.25 mile from the boundary.  This includes all Project facilities (e.g., powerhouses, 
dams, and conduits) as well as Project recreation sites (e.g., reservoirs and campgrounds).  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 

                                                 
4  The existing FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is 

shown on Exhibits G, J, and K of the current license.  
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 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study methods consist of the four steps described below. 
 
5.3.1 Step 1 – Create Maps that Include Vegetation Communities, Wildlife 

Habitats and Project Facilities 
 
YCWA will produce maps at a scale of 1:24,000 that include CWHR habitat types, known 
protected wildlife habitats (e.g., California spotted owl Protected Activity Centers [PACs] and 
Home Range Core Areas, northern goshawk PAC) and project facilities. In addition, CNDDB 
and USFS species occurrence data for target species will be included. 
 
5.3.2 Step 2 – Compile Project O&M Activities 
 
YCWA will compile a list of Project operations and maintenance activities by facility.  In each 
instance, Project Operations Staff will be consulted to describe the nature and frequency of 
Project O&M.  
 
5.3.3 Step 3 – Analysis of Habitat and Project O&M 
 
YCWA will use the maps identified in Step 1 to identify areas within the study area in which 
special-status wildlife habitat and Project O&M overlap.   
 
5.3.4 Step 4 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Discussion; 4) Conclusions; and 5) Description of Variances from 
the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ................................................................................. November – December 2011 
Analysis (Step 2) ................................................................................................ January - July 2012 
Report Preparation (Step 3) .................................................................................... September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $13,500 and 
$18,300. 
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Study 4.2 

SPECIAL-STATUS WILDLIFE – 
BATS 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
special-status1 bats. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that three agencies have jurisdiction over special-status bats in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, Fish and Wildlife Service (USFWS); and 3) California Department of Fish and Game 
(CDFG).  Each of these agencies and their jurisdiction and management direction, as understood 
by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction and management goals are found in their requested edits to Study 4.2 
Special-status Wildlife - Bats, which is located on page 85 of the attachment to CDFG’s March 
2, 2011 letter to FERC providing CDFG’s comments on YCWA’s PAD . CDFG’s jurisdiction 
and goals are not repeated here. 

                                                 
1  Special-status wildlife are considered those species: 1) found on National Forest System land and formally listed by the United 

States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the 
federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for 
delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or 
proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. For the 
purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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3.0 Study Goals and Objectives 
 
The goal of this study is to provide the data necessary to perform an analysis of how special-
status bats would be affected by the No-Action alternative and YCWA’s Proposed Project.  The 
objective of this study is to gather the information necessary to perform this analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.4 of YCWA’s PAD includes existing and relevant information regarding special-status 
bats.  This information is summarized below.  
 
Existing and relevant information regarding known and potentially occurring special-status bats 
in the Project vicinity is available from the California Natural Diversity Database (CNDDB) and 
CDFG’s California Wildlife Habitat Relationships (CWHR) program.  Based on the general 
vegetation patterns described in the Botanical Resources section (Section 7.5) of the Pre-
Application Document (PAD), YCWA classified wildlife habitats in the Project Vicinity using 
the CWHR system (CDFG 2009).  The CWHR model predicts wildlife use based on habitat type, 
age class, size class, canopy closure or cover, and occurrence of specific habitat elements that 
influence thermal cover, forage, prey availability, nesting, escape cover, and breeding.  The 
CNDDB is a continually refined and updated, computerized inventory of location information on 
the most rare animals, plants, and natural communities in California.  YCWA performed a 
CNDDB search of project quadrangles to compile available data on bat species within the project 
vicinity.  The results of the CNDDB search are provided in Table 4.0-1 below.   
 
Based on this analysis, Table 4.0-1 provides the target list of special-status bats for this study, 
including the following information for each species:  special status, general habitat type, and 
recorded occurrence in the Project Vicinity.2 
 
Table 4.0-1.  Special-status bat species known to occur or likely to occur in the Project Vicinity. 

Bat 
Species 

Special  
Status1 

Suitable 
Habitat Type 

Occurrence in 
Project Vicinity 

Western red bat 
Lasiurus blossevillii 

 FSS, 
SSC 

Roosts in foliage, forages in open areas (sea level 
up through mixed conifer forests). 

Two occurrences found on 
CNDDB: one occurrence within 
Smartville and Oregon House 
quads, one occurrence within 
Strawberry Valley quad (CDFG 
2009). 

Spotted bat 
Euderma maculatum 

SSC 
Arid deserts, grasslands, and mixed conifer forests 
(0–9,800 ft). 

Potentially occur within suitable 
habitat. 

Townsend’s big-eared bat 
Corynorhinus townsendii 

 FSS,  
SSC 

Roosts in buildings, mines, tunnels, and caves; 
feeds along habitat edges (0-10,365 ft). 

Potentially occur within suitable 
habitat. 

Pallid bat 
Antrozous pallidus 

 FSS, 
SSC 

Roosts in caves, crevices, and buildings; feeds in a 
variety of open habitats (8,000 ft). 

One occurrence found on 
CNDDB within Strawberry 
Valley quad (CDFG 2009). 

 

                                                 
2  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Table 4.0-1.  (continued) 
Bat 

Species 
Special  
Status1 

Suitable 
Habitat Type 

Occurrence in 
Project Vicinity 

Western mastiff bat 
Eumops perotis 

SSC 
Open areas with abundant roost locations provided 
by crevices in rock outcrops and buildings  at 
lower elevations, but as high as 8,700 ft. 

Potentially occur within suitable 
habitat. 

1Status: FSS = Forest Service Sensitive Species (USFS 2001) 
 SSC = CDFG Species of Special Concern (CDFG 2008) 

 
 
Existing information is too general to meet the goal of the study.  There are no available reports 
summarizing bat populations within the Project Area.  Additional information needed to address 
the study goal is the specific location of special-status bats in relation to Project facilities and 
normal Project O&M activities that might affect these special-status species. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.3  All Project 
facilities that may be used by bats and road bridges within the FERC Project Boundary will be 
included in the assessment. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

                                                 
3  The existing FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is 

shown on Exhibits G, J, and K of the current license.  
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 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps: 1) initial reconnaissance; 2) focused 
surveys; 3) Long Term Acoustic Monitoring; 4) quality assurance/quality control (QA/QC 
review; and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Initial Reconnaissance 
 
YCWA will evaluate all recreation facilities, bridges, dams, powerhouses, and adits within the 
study area.  At each location, YCWA will survey the exterior and interior of buildings, and 
underside of road decks, and associated support structures of bridges for active bat roosts and 
signs of historic use via the presence of guano and staining resulting from urine and body oils.  
Any observed bat use (not just special-status bats, but all bat species) will be documented on a 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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standard data sheet, photographed and the location will be recorded with a GPS.  Table 5.3.1-1 
summarizes the Project recreation facilities within the study area that will be included in the 
initial reconnaissance surveys.  YCWA will use the information collected during the visits to 
identify and prioritize locations that will be targeted for focused special-status bat surveys 
described in Step 2. 
 
Table 5.3.1-1.  List of Project facilities and recreation facilities within the study area. 

Project Feature Project Recreation Facility 
NEW COLGATE DEVELOPMENT

Camptonville Diversion Tunnel New Bullards Bar – Madrone Cove Campground 
Log Cabin Diversion Dam New Bullards Bar – Frenchy Point Campground (Decommissioned) 
Lohman Ridge Diversion Tunnel New Bullards Bar – Garden Point Campground 
Our House Diversion Dam New Bullards Bar – Dark Day Boat Ramp 
New Bullards Bar Dam New Bullards Bar – Dark Day Campground 
New Colgate Power Tunnel New Bullards Bar – Schoolhouse Family Camp 
New Colgate Powerhouse New Bullards Bar – Hornswoggle Group Camp 

NEW BULLARDS FISH RELEASE DEVELOPMENT
New Bullards Min Flow Powerhouse None 

NARROWS 2 DEVELOPMENT 
Narrows 2 Powerhouse None 

 
 
The following types of bat roosts will be considered during the reconnaissance:  
 
 Maternity Roosts.  A maternity roost is a manmade or natural structure that provides 

protection from the elements and predators, and provides the correct thermal environment for 
young rearing.  Maternity roosts tend to be warmer in temperature because breeding females 
need to maintain a high metabolism to aid in lactation.  Juvenile bats need to keep warm to 
maintain a metabolic rate that allows for rapid growth.  According to Tuttle and Taylor 
(1998) maternity roost thermal requirements are species dependent but generally remains 
between 70 degrees Fahrenheit (°F) and 90°F, however big-eared bat nursery roosts have 
been discovered in sites where ambient temperatures are as low as 60°F.  Species that form 
large colonies can be found raising young in mines with ambient temperatures as low as 
56°F, but often prefer 66°F or higher.   

 Day Roosts.  A day roost is a manmade or natural structure where bats are able to spend the 
non-active period of the day resting or in torpor, depending on weather conditions.  Day 
roosts provide shelter from the elements and safety from predators. 

 Night Roost.  A night roost is a manmade or natural structure where bats may rest between 
foraging bouts, digest prey, escape from predators, shelter from weather, and possibly for 
social purposes.  Night roosts are typically sites or structures that retain heat to aid the bat in 
maintaining the higher metabolism necessary for digestion. 

 Winter Hibernacula.  Manmade or natural structures used by bats during colder winter 
months.  During this time, bats enter torpor, receiving nourishment from their fat storage 
gained during summer months.  Many species will awaken for brief periods of time to 
stretch, but will resume torpor.  Bats, such as the Townsends big-eared bat, will hibernate for 
short periods of time and will often resume feeding behavior during warm winter spells 
(Tuttle & Taylor 1998).  According to Tuttle and Taylor (1998), airflow and temperature are 
key determinants in use of structures, such as tunnels and adits, as hibernacula.  
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Temperatures within these roost sites are generally below 53° F at the onset of hibernation, 
and remain between 34° F and 50° F by midwinter.  Structures that have a varying 
temperature regime allow bats to find suitable temperatures during warm or cold winters 
(Tuttle and Taylor 1998). 

 
5.3.2 Step 2 – Focused Surveys 
 
YCWA will conduct surveys at locations where evidence of bat activity is found.  All bat 
species, not just special-status bat species, will be recorded.  Specific sampling sites will be 
selected based on the results of the reconnaissance survey, taking into consideration habitat 
suitability, accessibility, and the overall objective of sampling a broad range of habitat types and 
localities within the FERC Project Boundary.  YCWA will invite Relicensing Participants into 
the field to comment on the location of both acoustic and mist net sampling sites.  
 
Specific sampling sites will be sampled once during July or early August and then again during 
September to maximize the likelihood of detecting special-status bats in a given season, based 
upon the life history patterns and habitat associations of the species that potentially occur during 
each season.   
 
Focused surveys will include the use of both ultrasonic acoustic detectors and mist nets. Surveys 
will be conducted near dusk as bats begin to emerge from their roosts.  YCWA will obtain the 
appropriate CDFG permits and approvals prior to beginning surveys.  Each survey location will 
be sampled twice during the study: once during the peak reproductive period (July-August); and 
once during the fall migration (September).  Sampling methods are described below. 
 
 Acoustic Sampling.  Acoustic sampling will be conducted during peak bat activity using an 

Anabat SD1 bat detector system (Titley Scientific™ East Brisbane, Australia) to identify bat 
species.  The Anabat system detects bat ultrasonic echolocation calls and converts them into 
sonograms.  Anabat SD1 detectors will be programmed to automatically record echolocation 
calls and save them to a compact flash card for later analysis.  If a bat roost is adjacent to a 
mist net site, Anabat units will be oriented so that roost exodus is captured.  If no known 
roosts are present, units will be placed in adjacent foraging habitat or flight corridors. 
Analook computer software developed by Chris Corbin (version 3.7j, May 6, 2009) will be 
employed to analyze the acoustic data collected by the Anabat SD1 system to identify bat 
species (O’Farrell et al. 1999).   

 Mist Net Sampling. Mist net surveys will be conducted at locations identified during the 
reconnaissance surveys within the study area.  Two mist net sampling sessions will occur at 
each site with the first session occurring between July and August, and the second session 
occurring in September.  Mist nets will be opened from 0.5-hour before sunset to 
approximately midnight or until bat activity ceased.  Nets will be placed in proximity to 
project structures (i.e., powerhouses, dams, supply buildings), over or immediately adjacent 
to water, and in flight corridors between potential roosting structures and foraging habitat.  
Nets will be checked every 15 minutes for captured bats. 
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Captured bats will be identified to species via comparison of physical characteristics to those 
described in the key Bats of the Northwestern United States (Bat Conservation International 
2008).  The sex, age (adult or juvenile), and breeding status (reproductive or non-
reproductive) will be recorded on a standardized data sheet.  Additionally forearm length and 
ear length will be recorded in millimeters as well as weight in grams.   
 

5.3.3 Step 3 – Long-Term Acoustic Monitoring 
 
At four sites, selected in consultation with Relicensing Participants, Long-Term Acoustic 
Monitoring (LTAM) will be conducted.  LTAM will involve the deployment of AnaBat SD1 bat 
detectors for monitoring of bat activity over time.  Analook software will be used to analyze the 
data recorded by the detectors.  YCWA will deploy the LTAM equipment in select riparian 
zones adjacent to Project facilities such as dams and powerhouses.  Deployment of the LTAM 
equipment will be from early April through October in order to capture spring migration, young 
rearing, periods of peak bat activity, and fall migration.  Sampling methods are described below. 
 
 LTAM Sampling. The AnaBat SD1 bat detectors will be coupled with an external power 

source (e.g., 12 volt battery and small solar panel) for long term deployment, and EME 
Systems Bat-Hats (Berkeley, California) to aid in acoustic data collection.  During each day 
of the study period, all detectors will be programmed to record echolocation calls emitted 
from bats in flight between sunset and sunrise.  Calls will be saved directly to a compact 
flash (CF) card as an individual Anabat call file, with the date and time of the recording as 
the file name.  Initially (April and May) all sites will be visited twice per month in order to 
download recorded calls, and to ensure that all equipment is functioning properly.  After May 
visits to each sight may be reduced to once every three weeks or once per month.   
 
Upon download, data from each site is saved to folders that corresponded to the site location 
and period for which monitoring occurred (e.g., July 1-15).  Call files are further organized 
into folders that specify the date recorded (e.g., 070111).  The latter is performed by the 
software during data transfer from the CF cards to a laptop computer. 

 
5.3.4 Step 4 – Quality Assurance/Quality Control Review   
 
YCWA will perform a QA/QC review of all data, including maps, recordings, identifications, 
and sightings. 
 
5.3.5 Step 5 – Prepare Report   
 
YCWA will prepare a report that includes the following sections: Study Goals and Objectives; 
Methods and Analysis; Results; Discussion; and Description of Variances from the FERC-
approved study proposal, if any.  The report will include maps and raw acoustic files.   
 
For all special-status bat occurrences, YCWA will complete a CNDDB form and transmit the 
form to the CNDDB as applicable. 
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6.0 Study-Specific Consultation 
 
The study includes one study-specific consultation: 
 
 YCWA will invite Relicensing Participants into the field to comment on the location of both 

acoustic and mist net sampling sites.  
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning and Reconnaissance (Step 1) .................................................... October 2011 – July 2012 
Fieldwork (Step 2) .......................................................................................... April – October 2012 
QA/QC Review (Step 3) ......................................................................................... September 2012 
Report Preparation (Step 4) .................................................................... September – October 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from the CDFG and 
other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $75,000 and 
$100,000 
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Study 5.1 

SPECIAL-STATUS PLANTS 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an effect on special-status 
plants.  
 
As part of this study, YCWA will also record incidental observations of noxious weeds, as well 
as United States Department of Agriculture, Forest Service (Forest Service) Sensitive Fungi and 
Watchlist Plant Communities. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over special-status plants and noxious 
weeds in the geographic area included in this study proposal: 1) the United States Department of 
Agriculture, Forest Service (Forest Service) on National Forest System (NFS) land; 2) United 
States Department of Interior, Fish and Wildlife Service (USFWS); 4) California Department of 
Fish and Game (CDFG); and 4) California Department of Food and Agriculture (CDFA).  Each 
of these agencies and their jurisdiction and management direction, as understood by YCWA at 
this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document (PAD).  The Forest 
Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PAD.  USFWS’s jurisdiction, goals and objectives are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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CDFA 
CDFA’s jurisdiction pertains to weeds on State of California land.  
   

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have an adverse effect on special-status plant species.   
 
The objective of this study is to gather the information necessary to perform this analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
4.1 Special-Status Plants1 
 
For the purpose of this Relicensing, special-status plants are those plants that have a reasonable 
possibility of occurring in the Project Area and meets one or more of the following criteria: 
 
 Found on NFS land managed by the Forest Service and formally listed as Forest Service 

Sensitive Plant species for the PNF (FSS-P) or the TNF (FSS-T) or as a Forest Service Watch 
List species by the PNF (FW-P) or the TNF (FW-T). 

 Found on the California Department of Fish and Game (CDFG) Commission’s State and 
Federally Listed Endangered, Threatened, and Rare Plants of California (CDFG 2010), 
including those that are state-listed rare (SR) or a state candidate (SC) for listing species 
listed under the Native Species Plant Protection Act of 1977 (CDFG 2010b). 

 Found on the list of species proposed for listing under the federal ESA, including species that 
are proposed for listing as endangered (FPE) or threatened (FPT), a candidate for listing 
(FC), or proposed for delisting (FPD). 

 Found on the California Native Plant Society’s (CNPS) Inventory of Rare and Endangered 
Plants, including species that are rated as CNPS 1A or CNPS 1B through 4B (CNPS 2010). 

 
Fully protected botanical species listed under CESA and ESA are not considered special-status 
for the purpose of the Relicensing, but are addressed separately in CESA-Listed Plants Study 
7.5, and the ESA-Listed Plants Study 7.1.  These species include those plants that are state 
threatened (ST) or endangered (SE) under the CESA, or federally threatened (FT) or endangered 
(FE) under the ESA. 
 
As discussed in section 7.5 of YCWA’s Pre-Application Document (YCWA 2010), existing and 
relevant information regarding known and potentially occurring special-status plants in the 

                                                 
1  For the purposes of the relicensing, special-status plants include bryophytes, fungi and lichen listed as Sensitive Species by the 

Tahoe and Plumas national forests where these species occur on NFS land. 
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Project Vicinity2 is available from the California Natural Diversity Database (CNDDB) (CDFG 
2011), and CNPS Inventory of Rare and Endangered Plants database (CNPS 2011), as well as 
TNF and PNF records.  Based on this information, YCWA identified 64 plants species that are 
listed as special-status and have a reasonable potential to occur on the Project.  Table 4.1-1 
provides for each of the special-status plant species: 1) status; 2) flowering period; 3) elevation 
range; 4) habitat requirements; and 5) documented occurrence in the Project Vicinity.  The list 
has been developed as a guide of species likely to occur within the Project Boundary; however, 
all special-status plant species located during Project surveys will be mapped and reported. 
 
Table 4.1-1.  Special-status plants known or with the potential to occur in the Project Vicinity.  

Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Henderson’s bent grass  
Agrostis hendersonii 

FW-P 
CNPS 3 

Apr-Jun 200-1,000 
Valley and foothill grasslands, 
vernal pools 

Present in the Project Vicinity, 
including Brush Creek quadrangle 

Jepson’s onion             
Allium jepsonii 

FSS-P 
CNPS 1B 

Apr-Aug 950-4,500 
Chaparral, cismontane 
woodland, lower montane 
coniferous forest 

Potential to occur in the Project 
Boundary 

Sanborn’s onion 
Allium sanbornii var. 
congdonii 
 

 
FW-T 
FW-P 

CNPS4 
 

 
Apr-July 

 
950-3,250 

Cismontane woodland, lower 
montane coniferous forest 

Present in the Project Vicinity, 
including the Washington 
quadrangle 

Sanborn’s onion  
Allium sanbornii var. 
sanbornii 

FW-T 
CNPS 4 

 
May-Sept 850-5,000 

Chaparral, cismontane 
woodland, serpentine 

Present in the Project Vicinity, 
including the Challenge, Nevada 
City, Clipper Mills, Rackerby, and 
Washington quadrangles  

True’s manzanita 
Arctostaphylos mewukka 
ssp. truei 

FSS 
CNPS 4 

Feb-July 1,400-4,550 
Chaparral, lower montane 
coniferous forest, sometimes 
roadside 

Potential to occur in the Project 
Boundary 

Nissenan manzanita 
Arctostaphylos nissenana 

FSS 
CNPS 1B 

 

Feb-Mar 1,400-3,650 
Closed-cone coniferous forest, 
chaparral 

Potential to occur in the Project 
Boundary 

Webber’s milk-vetch 
Astragalus webberi 

FSS-T 
CNPS 1B 

May-Jul 2700-4000 
Lower montane coniferous 
forest 

Potential to occur in the Project 
Boundary 

Big-scale balsamroot 
Balsamorhiza macrolepis 
var. macrolepis 

CNPS 1B Mar-Jun 300-4,600 

Chaparral, cismontane 
woodland, and valley and 
foothill grassland, sometimes 
serpentine 

Present in the Project Vicinity, 
including the Brush Creek 
quadrangle 

Constance’s rockcress 
Boechera constancei 
[Arabis constancei] 

FSS-P 
CNPS 1B 

May-July 2,600-6,650 

Chaparral, lower montane 
coniferous forest, upper 
montane coniferous forest, 
serpentine soils 

Present in the Project Vicinity, 
including the La Porte quadrangle 

Threadleaf beakseed 
Bulbostylis capillaris 

FW-P 
CNPS 4  

Jun-Aug 1,300-6,800 

Lower montane coniferous 
forest, meadows and seeps, 
upper montane coniferous 
forest 

Potential to occur in Project 
Boundary 

Butte County western 
rosinweed  
Calycadenia oppositifolia 

FSS-P 
CNPS 4  

Apr-Jul 300-3,100 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, meadows 
and seeps, valley and foothill 
grassland and volcanic, 
granitic or serpentine soils 

Potential to occur in Project 
Boundary 

Nightblooming false 
bindweed 
Calystegia atriplicifolia ssp 
buttensis 

FSS-P 
CNPS 4  

 
May-July 1,950-5,000 

Chaparral, lower montane 
coniferous forest, rocky soil, 
sometimes roadside 

Potential to occur in Project 
Boundary 

                                                 
2  For the purposes of the relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Dissected-leaved toothwort  
Cardamine pachystigma 
var. dissectifolia 

FW-P 
CNPS 3 

Feb-May 800-6,900 
Chaparral, lower montane 
coniferous forest 

Present in the Project Vicinity, 
including Cascade , Brush Creek, 
Strawberry, Camptonville and 
Forbestown quadrangles 

Siskiyou sedge  
Carex gigas 

FSS-P 
CNPS 4  

May-July 2,350-7,700 

Mesic, sometimes serpentine 
seeps, lower montane 
coniferous forest, meadows 
and seeps, upper montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Mendocino sedge     
Carex mendocinensis 

FSS May-July 500-5,250 Moist areas, often serpentine 
Potential to occur in Project 
Boundary 

Dissected-leaved toothwort  
Cardamine pachystigma 
var. dissectifolia 

FW-P 
CNPS 3 

Feb-May 800-6,900 
Chaparral, lower montane 
coniferous forest 

Present in the Project Vicinity, 
including Cascade , Brush Creek, 
Strawberry, Camptonville and 
Forbestown quadrangles 

Red Hills soaproot 
Chlorogalum grandiflorum 

FW-T 
CNPS 1B  

May-Jun 800-3800 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, serpentine 
or gabbro soils 

Potential to occur in Project 
Boundary 

Brandegee’s clarkia  
Clarkia biloba ssp. 
brandegeeae 

FSS-P 
FSS-T 

CNPS 1B 
May-Jul 200-3,000 

Chaparral, cismontane 
woodland, often roadcuts 

Present in the Project Vicinity, 
including Pike, Camptonville, 
Challenge, French Corral, and 
Oregon House quadrangles 

White-stemmed clarkia  
Clarkia gracilis ssp. 
albicaulis 

FSS-P 
CNPS 1B 

May-Jul 800-3,500 
Chaparral, cismontane 
woodland, sometimes 
serpentine 

Present in the Project Vicinity, 
including the Forbestown 
quadrangle 

Mildred’s fairyfan  
Clarkia mildrediae ssp. 
lutescens 

FW-P 
CNPS 4  

Jun-Aug 900-5,750 
Cismontane woodland, lower 
montane coniferous forest, 
often roadcuts 

Present in the Project Vicinity, 
including Cascade, Clipper Mills, 
Bush Creek and Strawberry Valley 
quadrangles 

Mildred’s clarkia  
Clarkia mildrediae ssp. 
mildrediae 

FSS-P 
CNPS 1B 

May-Aug 800-5,600 
Cismontane woodland, lower 
montane coniferous 
forest/sandy, usually granitic 

Present in the Project Vicinity, 
including the Brush Creek 
quadrangle 

Mosquin’s clarkia  
Clarkia mosquinii 

FSS-P 
CNPS 1B 

May-Jul 600-4,000 
Cismontane woodland, lower 
montane coniferous 
forest/rocky, roadsides 

Present in the Project Vicinity, 
including Clipper Mills, Strawberry 
Valley, Cascade, and Brush Creek 
quadrangles 

Branched colybia     
Collybia  racemosa 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Potential to occur in the Project 
Boundary. 

Large cudonia 
Cudonia monticola 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Potential to occur in the Project 
Boundary. 

MacNab’s cypress 
Cupressus macnabiana 

FW-P --- 900-2,750 
Chaparral, oak woodland, 
coniferous woodlands, 
serpentine or infertile soils 

Potential to occur in Project 
Boundary 

California lady’s slipper 
orchid  
Cypripedium californicum 

FW-P 
CNPS 4 

Apr-Aug 100-9,000 

Bogs and fens, lower montane 
coniferous forest seeps and 
streambanks, usually 
serpentine 

Present in the Project Vicinity, 
including La Porte and Strawberry 
Valley quadrangles 

Clustered lady’s-slipper 
Cypripedium fasciculatum 

FSS-T  
FSS-P 

CNPS 4 
Mar-Aug 500-7200 

Lower montane coniferous 
forest, North Coast coniferous 
forest, mixed conifer 

Potential to occur in Project 
Boundary 

Mountain lady’s-slipper 
Cypripedium montanum 

FSS-T 
CNPS 4 

 
Mar-Aug 600-7500 

Broad-leafed upland forest, 
cismontane woodland, lower 
montane coniferous forest, 
North Coast coniferous forest, 
mixed conifer 

Potential to occur in the Project 
Boundary 

Northern yellow lady’s-
slipper  
Cypripedium parviflorum 
var. makasin 

CNPS 3 May-Aug Below 4,900 
Bogs and fens, meadows and 
seeps 

Present in Project Vicinity, 
including the Strawberry Valley 
quadrangle 

California pitcher plant 
Darlingtonia californica 

FW-T 
FW-P 

CNPS 4 
Apr-Jul Below 8,500 

Bogs and fens, meadows and 
seeps, generally serpentinite 
seeps 

Present in the Project Vicinity, 
including the Goodyear’s Bar, 
quadrangle 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

English sundew       
Drosera anglica 

FW-T 
CNPS 2 

Jun-Sep 4,250-6,650 
Bogs and fens, meadows and 
seeps 

Potential to occur in the Project 
Boundary 

Round-leaved sundew 
Drosera rotundifolia 

FW-T 
FW-P 

Jun-Sep Below 6,650 
Bogs and fens, meadows and 
seeps 

Potential to occur in the Project 
Boundary 

Norris’ beard moss 
Didymodon norrisii 

FW-P 
CNPS 2 

--- 1,950-6,400 
Cismontane woodland, lower 
montane coniferous forest 

Potential to occur in Project 
Boundary 

Dwarf downingia 
Downingia pusilla 

CNPS 2 Mar-May Below1,400 
Valley and foothill grassland, 
vernal pools 

Potential to occur in Project 
Boundary 

Clifton’s eremogone 
Eremogone cliftonii 

FW-P 
CNPS 1B 

Apr-Sep 1,500-5,800 

Chaparral, lower and upper 
montane coniferous 
forest/openings, usually 
granitic 

Present in the Project Vicinity, 
including Cascade and Brush Creek 
quadrangles 

Northern Sierra daisy 
Erigeron petrophilus var. 
sierrensis 

FW-T 
CNPS 4 

Jun-Oct 900-5700 

Cismontane woodland, lower 
montane coniferous forest, 
upper montane coniferous 
forest, rocky soils 

Potential to occur in the Project 
Boundary; present in the TNF 

Ahart’s sulfur flower 
Eriogonum umbellatum var. 
ahartii 

FSS-P 
CNPS 1B 

Jun-Sep 1,300-3,300 Serpentine soils 
Present in the Project Vicinity, 
including Challenge, Cascade, and 
Clipper Mills quadrangles 

Minute pocket moss 
Fissidens pauperculus 

FSS-P 
CNPS 1B 

--- Below 3,600 Not well known 
Present in the Project Vicinity, 
including Cascade, Brush Creek, 
and Forbestown quadrangles 

Pursh’s buckthorn   
Frangula purshiana ssp. 
ultramafica 

FSS-P 
CNPS 1B 

May-Jul 2,700-6,350 

Chaparral, lower montane 
coniferous forest, meadows 
and seeps, upper montane 
coniferous forest, serpentine 
soils 

Potential to occur in Project 
Boundary 

Butte County fritillary 
Fritillaria eastwoodiae 

FSS-T 
FSS-P 

CNPS 3 
Mar-Jun 150-4,900 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, sometimes 
serpentine 

Present in Project Vicinity, 
including Challenge, French Corral, 
Clipper Mills, North Bloomfield, 
Washington, Rackerby, Cascade, 
Brush Creek,  Forbestown, and 
Nevada City quadrangles 

Ahart’s dwarf rush  
Juncus leiospermus var. 
ahartii 

CNPS 1B Mar-May 100-750 Valley and foothill grassland 
Present in Project Vicinity, 
including the Loma Rica quadrangle 

Dubious pea  
Lathyrus sulphureus var. 
argillaceus 

CNPS 3 Apr-May 500-1,000 
Cismontane woodland, upper 
and lower montane coniferous 
forest 

Present in the Project Vicinity, 
including Rough and Ready and  
Wolf quadrangles 

Legenere  
Legenere limosa 

CNPS 1B Apr-Jun Below 2,900 Vernal pools 
Potential to occur in Project 
Boundary 

Cantelow’s lewisia 
Lewisia cantelovii 

FSS-P 
FSS-T 

CNPS 1B 
May-Oct 1,000-4,500 

Broadleaf upland forest, 
chaparral, cismontane 
woodland, lower montane 
coniferous forest/mesic, 
granitic, sometimes serpentine 
seeps 

Present in the Project Vicinity 
including Pike, French Corral,  
Strawberry Valley, Alleghany, 
North Bloomfield, Washington, 
Goodyears Bar, Downieville, and 
Brush Creek quadrangles 

Humboldt lily 
Lilium humboldtii ssp. 
humboldtii 

FW-T 
FW-P 

CNPS 4 
May-Jul 1500-3500 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, openings 

Present in the Project Vicinity, 
including the Washington 
quadrangle 

Quincy lupine  
Lupinus dalesiae 

FSS-T 
FSS-P 

CNPS 4 
May-Aug 2,800-8000 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, upper 
montane coniferous forest 

Present in the Project Vicinity, 
including La Port and Goodyears 
Bar quadrangles 

Bog club-moss 
Lycopodiella inundata 

CNPS 2 Jun-Sept Below 3,300 
Bogs and fens, lower montane 
coniferous forest, marshes and 
swamps 

Present in the Project Vicinity, 
including the North Bloomfield 
quadrangle 

Elongate copper moss 
Mielichhoferia elongata 

FSS-T 
CNPS 2 

--- 1,600-4,300 

Vernally wet rock in 
cismontane woodland, 
metamorphic rock, usually 
vernally mesic 

Present in the Project Vicinity, 
including Washington and Nevada 
City quadrangles 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Shieldbract monkeyflower 
Mimulus glaucescens 

FW-P 
CNPS 4 

Feb-Aug 200-4,100 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, valley and 
foothill grassland and 
serpentine seeps, sometimes 
streambanks 

Potential to occur in Project 
Boundary 

Cut-leaved monkey flower 
Mimulus lacinatus 

CNPS 4 Apr-Jun 1500-9000 

Chaparral, lower montane 
coniferous forest, upper 
montane coniferous forest, 
seeps in granite 

Potential to occur in Project 
Boundary 

Follett’s monardella 
Monardella follettii 

FSS-T 
FSS-P 

CNPS 1B 
Jun-Sep 1,900-6,600 

Lower montane coniferous 
forest, rocky, serpentine 

Present in the Project Vicinity, 
including the Grass Valley 
quadrangle 

Aquatic lichen  
Peltigera hydrothyrea 
[Hydrothyria venosa] 

FSS-T 
FSS-P 

--- 1,150-7,000 

Stones, boulders, and 
occasionally wood along 
streams and rivers, submerged 
at least part of the year 

Potential to occur in Project 
Boundary; known to occur within 3 
miles of the project area at about 
3,400 feet. 

Bacigalupi’s yampah 
Perideridia bacigalupi 

FW-P 
CNPS 4 

Jun-Aug 1700-3500 
Chaparral, lower montane 
coniferous forest, serpentine 

Potential to occur in Project 
Boundary; present in the TNF 

Stebbins Phacelia  
Phacelia stebbinsii 

FSS-T 
CNPS 1B 

May-Jul 2,000-6,600 
Cismontane woodland; lower 
montane coniferous forest; 
meadows and seeps  

Potential to occur in Project 
Boundary 

Olive phaeollybia 
Phaeocollybia olivacea 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Present in the Project Boundary, 
Camptonville quadrangle. 

Cedar Crest popcorn flower 
Plagiobothrys glyptocarpus 
var. modestus 

CNPS 3 Apr-Jun 150-2,850 
Cismontane woodland, valley 
and foothill grassland 

Present in the Project Vicinity, 
including Oregon House and Grass 
Valley quadrangles 

Green- flowered 
wintergreen 
Pyrola chlorantha 

CNPS 1A Jun-Jul ±2,950 
Lower montane coniferous 
forest 

Present in the Project Vicinity, 
including the Downieville 
quadrangle 

White beaked-rush 
Rhynchospora alba 

FW-T 
CNPS 2 

Jul-Aug 200-6700 
Meadows and seeps, marshes 
and swamps, wet places 

Potential to occur in Project 
Boundary; present in the TNF 

Brownish beaked-rush 
Rhynchospora capitellata 

FW-P 
CNPS 2 

Jul-Aug 1,500-6,600 

Upper and lower montane 
coniferous forest, meadows 
and seeps, marshes and 
swamps 

Present in Project Vicinity, 
including Pike, Clipper Mills, Grass 
Valley, North Bloomfield, Cascade, 
Brush Creek, and Nevada City 
quadrangles 

Tracy’s blacksnakeroot 
Sanicula tracyi 

CNPS 4 Apr-Jun 300-5,200 

Cismontane woodland, lower 
montane coniferous forest, 
openings in upper montane 
coniferous forest 

Present in Project Vicinity, 
including the Clipper Mills 
quadrangle 

Swaying bulrush  
Schoenoplectus 
subterminalis [Scirpus 
subterminalis] 

FW-P 
CNPS 2 

Jun-Aug 2,450-7,400 
Bogs and fens, marshes and 
swamps, montane lake 
margins 

Potential to occur in Project 
Boundary 

Marsh skullcap  
Scutellaria galericulata 

CNPS 2 Jun-Sep Below 6,900 
Lower montane coniferous 
forest, meadows and seeps, 
marshes and swamps  

Potential to occur in Project 
Boundary 

Feather River stonecrop 
Sedum albomarginatum 

FSS-P 
CNPS 1B 

May-Jun 850-6,400 
Chaparral, lower montane 
coniferous forest and 
serpentine soils 

Potential to occur in Project 
Boundary 

Lewis’ groundsel  
Senecio eurycephalus var. 
lewisrosei 

FSS-P 
CNPS 1B 

Mar-Sep 900-6,200 
Chaparral, cismontane 
woodland, lower montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Peat moss 
Sphagnum spp. 

FW-T --- --- Fens, peatlands, and wet areas 
Potential to occur in Project 
Boundary 

Long-fruit jewelflower  
Streptanthus longisiliquus 

FW-P 
CNPS 4 

Apr-Sep 2,300-4,900 
Openings in cismontane 
woodland lower montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Slender-leaved pondweed 
Stuckenia filiformis 
[Potamogeton filiformis] 

FW-T 
CNPS 2 

May-Jul 950-7,050 
Marshes and swamps, lakes 
and ponds 

Potential to occur in Project 
Boundary 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Cylindrical trichodon 
Trichodon cylindricus 

FW-P 
CNPS 2 

--- 150-6,600 

Broadleaf upland forest, 
meadows and seeps, upper 
montane coniferous 
forest/sandy, exposed soil, 
roadbanks 

Present in the Project Vicinity, 
including the La Porte quadrangle 

Lesser bladderwort 
Utricularia minor 

FW-T 
CNPS 4 

Jul 2,600-2,900 
Bogs and fens, marshes, 
swamps and calcium-rich 
water 

Potential to occur in the Project 
Boundary 

 Sources: United States Department of Agriculture, Forest Service 2010 b,c,d. 
1  Special-status:  
  SR:  state-listed rare 
 SC: state candidate for listing 
 FPE: federally proposed endangered 
 FPT: federally proposed threatened 
  CNPS: California Native Plant Society listed species 
  1A: Species presumed extinct in California 
  1B: Species considered rare or endangered in California and elsewhere (no legal protection) 
  2: Species considered rare or endangered in California but more common elsewhere (no legal protection) 
  3: More information needed about this species 
  4: Limited distribution; watch list 
 FSS: United States Forest Service Sensitive Species (FSS-P: Plumas National Forest; FSS-T: Tahoe National Forest) (USDA-FS 2010b,c) 
 FW: United States Forest Service Watchlist Species (FW-P: Plumas National Forest; FW-T: Tahoe National Forest) (USDA-FS 2010b,d) 
2  Occurrence in Project Vicinity results based on a CNPS quadrangle search.  

 
 
None of the available CNDDB reports are from surveys within the existing FERC Project 
Boundary.3 
 
Additional information is needed to address the study goal is the specific location of special-
status plants in relation to Project facilities, normal Project O&M activities, Project recreation, 
and any other Project-related activities that might affect special-status plants. 
 
4.2 Incidental Observations 
 
4.2.1 Noxious Weeds 
 
Documentation of existing occurrences of noxious weeds in the Project Area was not available.  
Potential noxious weed occurrences are listed in Table 4.2-1 (USDA-NRCS 2009, Cal-IPC 
2006).  A total of 36 noxious weeds have the potential to occur within the Project Vicinity.   
 
Table 4.2.1-1.  Noxious weeds and other invasive species of concern to the Forest Service potentially 
occurring in the Project Vicinity.  

Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Russian knapweed 
Acroptilon repens [Centaurea 
repens] 

B May-Sept Below 6,200 
Fields, roadsides, cultivated ground, disturbed 
areas 

Barb goatgrass 
Aegilops triuncialis 

B May-Aug Below 3,300 Disturbed sites, cultivated fields, roadsides 

Tree-of-heaven 
Ailanthus altissima 

C May-Jul Below 6,100 
Disturbed areas, roadsides, and urban waste 
areas  

                                                 
3  The existing FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license.  
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Table 4.2.1-1.  (continued) 
Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Giant reed 
Arundo donax 

B Mar-Nov Below 1,700 Riparian areas, floodplains, and ditches 

Cheatgrass 
Bromus tectorum 

Not rated May-June Below 6,000 
Fields, roadsides, cultivated ground, disturbed 
areas 

Plumeless thistle 
Carduus acanthoides 

A May-Aug Below 4,300 Roadsides, pastures, waste areas 

Musk thistle 
Carduus nutans 

A Jun-Jul 330-4,000 Roadsides, pastures, waste areas 

Italian thistle 
Carduus pycnocephalus 

C May-Jul Below 3,300 Roadsides, pastures, waste areas 

Woolly distaff thistle 
Carthamus lanatus 

B July-Aug Below 3,600 Disturbed sites 

Purple starthistle 
Centaurea calcitrapa 

B Jul-Oct Below 3,300 Disturbed areas 

Diffuse knapweed 
Centaurea diffusa 

A Jun-Sep Below 7,600 Fields, roadsides 

Spotted knapweed 
Centaurea maculosa 

A July-Aug Below 8,500 
Open disturbed sites, grasslands, forested 
areas, roadsides 

Maltese starthistle 
Centaurea melitensis 

C Apr-July Below 7,200 
Open disturbed sites, grasslands, roadsides, 
waste places 

Yellow starthistle 
Centaurea solstitialis 

C Jun-Dec Below 4,300 
Pastures, roadsides, disturbed grassland or 
woodland 

Rush skeletonweed 
Chondrilla juncea 

A May-Dec Below 2,000 Disturbed areas 

Canada thistle 
Cirisum arvense 

B Jun-Sep Below 5,900 Disturbed areas 

Bermudagrass 
Cynodon dactylon 

C Jun-Aug Below 3,000 Disturbed areas 

Scotch broom 
Cytisus scoparius 

C Mar-Jun Below 3,300 Disturbed areas 

Oblong spurge 
Euphorbia oblongata 

B Apr-Aug Below 3,300 Waste areas, disturbed sites, roadsides, fields 

Japanese knotweed 
Fallopia japonica 

B Aug-Oct Below 3,300 Disturbed areas 

Sakhalin knotweed, giant 
knotweed 
Fallopia sachalinensis 

B Jul-Oct Below 1,650 Disturbed areas 

French broom 
Genista monspessulana 

C Mar-May Below 1,600 Disturbed areas 

English Ivy 
Hedera helix 

Not rated Autumn Below 3,300 
Disturbed forests, woodlands, and riparian 
areas 

Hydrilla 
Hydrilla verticillata 

A Jun-Aug Below 650 Ditches, canals, ponds, reservoirs, lakes 

Dyer’s woad 
Isatis tinctoria 

B Apr-Jun Below 3,300 Roadsides, fields, disturbed sites 

Lens-podded white-top  
Lepidium draba ssp. chalepense 

B Apr-Aug Below 5,000 Disturbed, generally saline soils, fields 

Perennial pepperweed, tall white-
top 
Lepidium latifolium 

B Apr-Aug Below 6,300 Beaches, tidal shores, saline soils, roadsides 

Dalmation toadflax 
Linaria genistifolia ssp. dalmatica 

A May-Sep Below 3,300 Disturbed places, pastures, fields 

Purple loosestrife 
Lythrum salicaria 

B Jun-Sep Below 5,300 Seasonal wetlands, ditches, cultivated fields 

Eurasian water milfoil 
Myriophyllum spicatum 

C July-Sep Below 6,300 Fresh to brackish water, slow-moving streams 

Scotch thistle 
Onopordum acanthium 

A Jul-Sep Below 5,300 Disturbed areas 

Himalayan blackberry 
Rubus discolor 

Not rated May-Sep Below 5,300 
Disturbed moist sites, fields, roadsides, 
riparian areas 

Spanishbroom 
Spartium junceum 

Not rated Mar-Jun Below 2,000 
Open disturbed sites, grasslands, oak 
woodlands, riparian corridors, open forests 

Medusahead 
Taeniatherum caput-medusae 

C Apr-Jul Below 6,900 
Disturbed sites, grassland, openings in oak 
woodlands and chaparral 
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Table 4.2.1-1.  (continued) 
Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Gorse 
Ulex europaeus 

B Nov-Jul Below 1,300 Disturbed areas 

Sources: CDFA 2009; United States Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS) 2009; California 
Invasive Plant Council (Cal-IPC) 2006; DiTamaso 2007; USDA Forest Service 2010 a,e. 
1  CDFA Status:  

A = Eradication, containment, rejection, or other holding action at the state-county level.  Quarantine interceptions to be rejected or treated 
at any point in the state. 
B = Eradication, containment, control, or other holding action at the discretion of the commissioner.  State endorsed holding action and 
eradication only when found in a nursery. 
C = Action to retard spread outside of nurseries at the discretion of the commissioner; reject only when found in a crop seed for planting or 
at the discretion of the commissioner (CDFA 2009). 

 
 
4.2.2 Tahoe and Plumas National Forests’ Watchlist Plant Communities 
 
YCWA will also record incidental observations of Tahoe and Plumas National Forests’ Watchlist 
plant communities including peatlands, fens, seeps, and springs will also be recorded; occurrence 
information will be included in YCWA’s Wetlands Study 6.3.   
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs) as well as Project 
recreation areas.  The study area will also include a buffer of 100 feet extending upslope from the 
high-water mark of the Project reservoirs and from the FERC Project Boundary around Project 
recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
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Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with YCWA’s Project operations staff; and 5) prepare report.  Each step is described 
below. 
 
 
 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
YCWA will identify and map known occurrences of special-status plants within the study area, 
and prepare field maps for use by survey teams.  The maps will include aerial imagery, Project 
features, and known special-status plant occurrences.  Survey timing will be planned based on 
herbarium collection dates. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
YCWA’s surveyors will conduct special-status plant surveys as outlined in the “Botanical 
Survey” section of the California Department of Fish and Game’s (CDFG) Protocols for 
Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural 
Communities (CDFG 2009)5.  Surveys will be comprehensive over the entire study area using 
systematic field techniques to ensure thorough coverage, with additional efforts focused in 
habitats with a higher probability of supporting special-status plants (e.g., serpentine outcrops).  
Surveys will be floristic in nature, documenting all species observed; taxonomy and 
nomenclature will be based on The Jepson Manual (Hickman 1993).   
 
When special-status plants are documented within the study area, the following information will 
be collected: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed) 

 Estimated area (approximate length and width) covered by the special-status plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acre, surveyors will delineate the occurrence boundary using 
a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, the location of the approximate center of the occurrence will be taken as 
point data using a handheld GPS unit 

 Dominant and subdominant vegetation in the area 

 Estimated distance to nearest Project facility, feature, or Project-related activity 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses) 

 Estimated phenology and descriptions of reproductive state. 
 
Surveys for fungi listed as Forest Sensitive will not be conducted due to unpredictable seasonal 
and annual variations in fruiting timing, although any incidental findings of the fungi on NFS 
land will be recorded and mapped.  In particular, YCWA will include in its analysis and maps 
locations of olive phaeocollybia on NFS land in Dark Day Campground if the GPS locations of 
                                                 
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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the occurrences are provided by the Forest Service.  Special surveys, including verification of the 
locations as provided by the Forest Service will not be conducted as part of the study. 
 
YCWA’s noxious weed field surveys will be conducted in conjunction with special-status plants 
surveys when feasible, but are expected to require revisits to account for differences in plant 
phenology.  For the purpose of the study, noxious weeds are defined as those plant species listed 
as “A,” “B” or “C” by the California Department of Food and Agriculture (CDFA).  Other 
invasive species to be recorded include species of concern to TNF and PNF that are not rated by 
the CDFA.  Weed data collection and reporting will be consistent with Section 2083 of the 
Forest Service Manual, Information and Reporting Guideline for Noxious Weeds (USDA Forest 
Service 1995).  Two forms of noxious weed data will be collected and maintained, depending on 
the type and distribution of weeds located during survey efforts: 
 
 Quantitative data: for discrete occurrences of weeds, data collected will include species, 

GPS-derived location, nearby sources of dispersal (e.g., roads), surrounding vegetation 
composition, and any nearby resource concerns (e.g., special-status plant occurrences), and 
an estimate of area covered.  If a noxious weed population is identified on the perimeter of 
the FERC Project Boundary the extent of the population extending beyond the boundary will 
be estimated. Levels of infestation will be reported by weed cover within the following 
classes: Low (<5% cover), Moderate (6-25% cover), and High (>25% cover).   

 Qualitative data: for widespread weeds, or for those weeds for which detailed mapping is 
unlikely to remain accurate (e.g., annual grasses, which change distributions yearly), the 
YCWA will describe general distribution and extent within the study area. 

 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting special-status plant and 
incidental occurrences of noxious weeds, and Forest Service Sensitive Fungi, Project facilities, 
features, and specific Project-related impacts (e.g., dispersed use camping) and other related 
information collected during the study.  Field data will then be subject to QA/QC procedures, 
including spot-checks of transcription and comparison of GIS maps with field notes to verify 
locations of mapped occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of occurrences in the study area are defined, Project operations staff will be 
consulted to identify Project O&M and Project-related activities that typically occur in the area 
of the special-status plant populations and incidental occurrences that have a potential to 
adversely affect the special-status species populations. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  Study results will be displayed in GIS maps that show each special-status 
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plant population location in respect to project facilities and features.  The GIS layer of all 
mapped occurrences will be made available to the appropriate land management agencies.  In 
addition, YCWA will develop a GIS layer for of all mapped occurrences and make this available 
to the appropriate land management agencies.   
 
For all special-status plant observations, YCWA will complete the appropriate CNDDB form 
and transmit the form to the CNDDB.  For any special-status plant observations on NFS land, 
YCWA will provide a copy of the CNDDB forms or spreadsheets to the Forest Service at the 
same time as it is submitted to CNDDB. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ................................................................................ October 2011- February 2012 
Collect Data (Step 2) ............................................................................. October 2011- August 2012 
QA/QC Review (Step 3) ............................................................................................... August 2012 
Operations Staff Consultation (Step 4)  ........................................................................ August 2012 
Study Report Preparation (Step 5) .......................................................................... September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $370,000 and 
$500,000. 
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Study 6.1 

RIPARIAN HABITAT 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

August 2011 

 
1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have the potential to affect 
riparian habitat.   
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that two agencies have jurisdiction over special-status plants: 1) the United 
States Department of Agriculture Forest Service (Forest Service); and 2) California Department 
of Fish and Game (CDFG)Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s management goals for special-status plants on National Forest System 
(NFS) land are identified in the National Forest Management Act (NFMA, public Law 94-588 
1976) and the Tahoe National Forest (TNF) Land and Resource Management Plan (TNF LRMP) 
(USDA Forest Service 1990), as amended by the Sierra Nevada Forest Plan Amendment (USDA 
Forest Service 2001) and the Supplemental Sierra Nevada Forest Plan Amendment (USDA 
Forest Service 2004): 
 
 Plant Community Diversity/Special Habitats/Connectivity:  Manage riparian plant 

communities to maintain and improve the species composition and structural diversity.  
Manage riparian plant communities to maintain and/or improve spatial and temporal 
connectivity for native riparian plant species within and between watersheds to provide 
physically, chemically and biologically unobstructed movement for their survival, migration 
and reproduction.  

 Streamflow Patterns/Sediment Regimes/Stream and Shoreline Riparian Vegetation:  Manage 
stream flows to maintain and /or improve in-stream flows so they are sufficient to sustain 
desired conditions of riparian plant communities.  Manage streambanks and shorelines to 
minimize erosion and sustain desired riparian habitats.  

 
CDFG 
The CDFG is the relevant state fish and wildlife agency for consultation and Federal Power Act 
(FPA) Section 10(j) (16 U.S.C. § 803(j)) purposes.  In the state of California, fish and wildlife 
resources are held in trust for the people of the state by and through the CDFG (Cal. Fish and 
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Game Code § 711.7). “Species of Special Concern” do not have formal legal status, but are 
intended to focus attention on species at conservation risk. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to assess the condition of riparian habitats within river reaches upstream 
of the United States Army Corps of Engineer’s (USACE) Englebright Reservoir potentially 
affected by continued Project O&M. 
 
The objective of this study is to gather the data and information necessary to meet the study 
goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Pre-Application Document contained information about the riparian vegetation 
mapped in the area of the Project, including CalVeg maps and National Wetland Inventory 
(NWI) maps on a 1:24,000 scale, shown with United States Geological Survey (USGS) 
topographic features and Project facilities.  Section 7.6 of the Pre-Application Document 
includes a table of NWI palustrine and riverine wetland types and acres within the Project Area1 
and the Federal Energy Regulatory Commission (FERC) Project Boundary.2 
 
Based on NWI maps (1987), there are approximately 40,417 feet and 125 acres of riverine 
wetlands within the Project Area, with approximately 8,044 feet and 54 acres within the FERC 
Project Boundary.  Remaining NWI classified wetland habitats in the Project Area include 
approximately 63,926 feet and 13 acres of palustrine wetlands and approximately 4,635 acres of 
reservoir open water. 
 
NWI riparian wetlands have been classified using aerial imagery but no ground-mapping data is 
known to exist to support this inventory.  In addition, no known site-specific assessments of 
riparian habitats or habitat condition within the FERC Project Boundary are known to exist. To 
achieve the study goals, additional information is needed. 
 

                                                 
1  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between Project facilities and downstream to the 
next major water controlling feature or structure.  

2  The FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is shown on 
Exhibits J, K, and G of the current license. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes: 1) the Middle Yuba River from Our House Diversion Dam 
Impoundment to the confluence with the North Yuba River, 2) Oregon Creek from the Log 
Cabin Diversion Dam Impoundment to the confluence with the Middle Yuba River, 3) the North 
Yuba River from New Bullards Bar Dam Reservoir to the confluence with the Middle Yuba 
River, and 4) and the portion of the Yuba River from the confluence of the North and Middle 
Yuba rivers to just upstream of the USACE Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software.  The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g., zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) moving between basins (e.g., Middle Yuba River, Yuba River and 
North Yuba River); and 3) moving between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Methods 
 
The study includes five steps: 1) site selection; 2) gather data and prepare for field effort; 3) 
conduct field surveys; 4) prepare data and quality assure/quality control (QA/QC) data; and 5) 
prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Site Selection 
 
YCWA will co-locate study sites to the extent possible with YCWA’s Study 1.1 Morphology 
Upstream of Englebright Reservoir Study sites.  Six study sites have currently been proposed.  
At five of the six sites, three riparian vegetation transects will be performed along transects co-
located with the Channel Morphology Study; at the site above Our House Dam on the Middle 
Yuba River, one riparian vegetation transect will be performed, co-located with the Channel 
Morphology Study.  A total of sixteen vegetation transects will be performed.   
 
Channel Morphology study sites are selected within a reach to represent the range of channel and 
habitat types in the reach (Bovee 1982).  The characteristic feature of a study reach is 
homogeneity of the channel structure and flow regime.  The sites chosen will represent those 
sites most likely to exhibit effects of project features and operations on channel morphology and 
habitat features. 
 
Based on historic and habitat mapping information, in the Middle and North Yuba rivers and in 
the Yuba River upstream of USACE’s Englebright Reservoir, channel characteristics are 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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primarily controlled by bedrock and boulders, rather than fluvial processes.  In other words, 
these channels are not usually “self-formed” and boulders and bedrock control lateral and 
vertical stability.  Bedrock channels are generally insensitive to short-term changes in sediment 
supply or discharge.  Only a persistent decrease in discharge and/or an increase in sediment 
supply sufficient to convert the channel to an alluvial morphology would significantly alter 
bedrock channels (Montgomery and Buffington 1993).  However, there may be localized 
changes to morphology and substrate distribution that may affect ecology. 
 
Characteristics of the areas where Channel Morphology sites will be placed are gradients less 
than 2 percent, accumulations of gravel and finer material in channel and on margins, and 
floodplain and/or terrace development.  Based on habitat mapping information, the study will 
include five study sites to be located within each reach (Table 5.3-1). 
 
Table 5.3-1.  Potential location and character of riparian habitat study sites to be co-located with 
YCWA’s Channel Morphology Upstream of Englebright Reservoir Study (Study 1.1). 

Stream Potential Location Character 

Middle Yuba 
River 

Below Oregon Creek in the vicinity 
of Freemans Crossing (RM 3.5 -4.5) 

Moderately and unconfined channel, ~1% gradient, alluvial and depositional. 

Above Oregon Creek (RM 4.5 – 5.5) 
Steeper (>1% gradient), confined, more transport-dominated than near Freemans’s 
Crossing, though some lateral cobble/gravel bar development. 

 Above Our-House Dam  Low gradient (1.7% map gradient), depositional. 

Oregon Creek Celestial Valley (RM 1.5 – 2.5) 
Confined 1.6% gradient, planar bedform, gravel-sized material in channel and on 
margins. 

North Yuba 
River 

Below New Bullards Bar Dam 

Reach has very little accessibility due to vertical cliffs, and dominance of bedrock 
and boulders within channel.  Large, immobile substrate, lateral and vertical 
controls by bedrock limits responsiveness to changes in inputs of sediment and to 
changes in hydrology. 

Yuba River Below New Colgate Powerhouse 
Confined, less than 1%, cobble and boulder-dominated bed with very deep pools 
immediately below the Powerhouse, but increasing alluvial deposition as move 
downstream. 

 
 
5.3.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, and aerial photography relevant to riparian vegetation will be collected and 
reviewed where available for river reaches.  These sources are expected to provide 
documentation on geology, topography, soils, riparian vegetation coverage and type, invasive 
species, and land-use (i.e., mining, timber management, recreation, road development, fires, 
grazing, and water diversions).  Information regarding riparian vegetation and physical processes 
on western slope Sierra Nevada streams or other pertinent riparian literature from other 
geographic regions will also be reviewed.  Pertinent information will be used for comparison and 
interpretive purposes when evaluating the streams and rivers in the study area.  
 
5.3.3 Step 3 – Condition Assessment 
 
Surveyors will collect quantitative data along vegetation transects. Vegetation transects will 
extend from the water’s edge at low flow, to hill slope (including bars if present); at the Oregon 
Creek study site, where the channel is unconfined, the vegetation transect will end at calculated 
floodprone width.  For the purpose of the study, riparian vegetation is defined as wetland 
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indicator species as identified by the National List of Plant Species that Occur in Wetlands:  
California (Region 0), (Reed 1988). 
 
Information collected along each transect will include two types of plots:  1) herbaceous 
vegetation (1 meter square plots), and 2) woody vegetation (trees and shrubs) (5 by 2 meter 
plots).  Plots will be nested, with herbaceous and other cover plots occurring within the woody 
vegetation plots.  More than one herbaceous and other cover plot may be located within a woody 
plot.  Both the woody and herbaceous cover plots will be located perpendicular to transects 
located on the downstream side. 
 
At a minimum, each transect will have at least two nested plots:  one woody plot on each side of 
the stream at the start of vegetation, and within each woody plot, two herbaceous plots located 
side by side.  Additional fluvial features (i.e. floodplains and terraces) that are at least 2 meters 
wide and are intersected by a vegetative transect will have a minimum of one nested plot.  The 
following information will be collected in the plots: 
 
Herbaceous vegetation: 

 Dominant species cover in percent 

 Total canopy cover  

 Layer canopy cover (generally stratified by herbaceous and other, shrub, and tree layers) 

 List all species present in each plot and provide an indication of whether they are native 
and/or special-status  

 Other cover data (i.e., large woody material or boulders) 
 

Woody vegetation: 

 Canopy coverage class in percent 

 Stem count per individual or species class 

 Tree diameter in DBH 

 Dominant species relative decadence in percent 

 Dominant species coverage in percent 

 List all tree and shrub species present and provide an indication of whether they are 
native and/or special-status4 

 Other cover data (i.e. large woody material or boulders) 
 

Large Woody Material 
 
At one randomly selected study site and at a study site on Oregon Creek, large woody material 
(LWM) occurring within study site will be counted as follows:  all LWM greater than 3 ft in 
length within the active channel within four diameter classes (4-12 inches, 12-24 inches, 24-36 
inches, and greater than 36 inches) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater 

                                                 
4  For all special-status species observations, YCWA will complete the appropriate CNDDB form and transmit the form to the 

CNDDB.  YCWA will provide a copy of the CNDDB form to the Forest Service if the observation occurs on NFS land. 
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than 75 ft).  More detailed measurements will be taken for key pieces located within riparian 
habitat study sites.   
 
Key pieces of LWM are defined as pieces either longer than 1/2 times the bankfull width, or of 
sufficient size and/or are deposited in a manner that alters channel morphology and aquatic 
habitat (e.g., trapping sediment or altering flow patterns).  Key piece characteristics to be 
recorded will include: 
 
 piece location, either mapped onto aerial photos or documented with GPS 
 piece length 
 piece diameter 
 piece orientation 
 position relative to the channel 
 whether the piece has a rootwad 
 tree species or type (e.g., conifer or hardwood) 
 whether the piece is associated with a jam or not 
 the number of large pieces in the jam 
 recruitment mechanism 
 function in the channel 
 
Information at the Oregon Creek Study Site below Log Cabin Dam and at one location upstream 
of Log Cabin Dam will include a LWM assessment of a distance of at least 20 times the bankfull 
width will be done on a section of Oregon Creek above Log Cabin Dam and these values will be 
compared to the LWM assessment within Oregon Creek.   
 
General riparian site information to be collected includes: 
 
 Channel and bank substrate along transects 

 Evidence of channel encroachment or bank instability (including any excessive erosion or 
deposition) 

 Evidence of recreational and other land use activities 

 Evidence of unusual stress or mortality on riparian plant community 

 Evidence of riparian vegetative connectivity (or lack of) 

 Hydrologic connectivity (or lack of) 

 Biotic structure, including vertical and horizontal complexity 
 
In addition, YCWA will collect: 

 

 Herbarium specimen for all bryophyte species encountered in the plots (or otherwise 
observed at the site) and submit the specimen to the Forest Service.   

 Establish photo points at each site.   

 Add the presence of riparian vegetation to cross-sectional profiles to indicate where the 
vegetation occurs relative to bankfull and flood prone widths.   
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 Provide rooting depth (as indicated by available literature search - no site-specific 
measurements) of the dominant riparian species present in a tech memo.   

 Historical photograph analysis of riparian study sites. 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting existing riparian habitat and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland and riparian sites found.  YCWA will also produce a map for each 
study site that shows the extent of riparian vegetation as depicted on historic aerial photos 
compared to riparian vegetation extent depicted on recent aerial photos.    
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include field data to support riparian condition assessment 
and riparian habitat maps.  
 

6.0 Study-Specific Consultation 
 
The study includes one study-specific consultation: 
 
 YCWA will consult with interested and available Relicensing Participants regarding the 

number and location of the riparian habitat assessment sites (Step 1).  

 
7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) ....................................................................... September 2011 - March 2012 
Collect and Review Existing Data and Information (Step 2) ............................... April - May 2012 
Condition Assessment (Step 3) ............................................................................... June - July 2012 
Prepare and QA/QC Data (Step 4)  .................................................................................... July 2012 
Study Report Preparation (Step 5) ............................................................ August - September 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study provides an assessment of existing riparian vegetation and is consistent with the 
goals, objectives, and methods outlined for most recent FERC hydroelectric relicensing efforts in 
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California.  The proposed methodologies use standard assessment methods developed and used 
by federal land management agency personnel.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $211,000 and 
$285,000. 
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Study 6.2 

RIPARIAN HABITAT 
DOWNSTREAM OF ENGLEBRIGHT DAM1  

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
riparian habitat downstream of Englebright Dam.2 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over riparian habitat potentially affected in 
the geographic area included in this study proposal: 1) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 2) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) California 
Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 

                                                 
1  Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to characterize, to the extent necessary for Relicensing, riparian habitat 
in the Yuba River downstream of the United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir and potentially affected by continued Project O&M.  
 
The objective of the study is to collect information to meet the study goals, including:  
 
 Determine riparian vegetation composition and age class structure, including regeneration 

and germination 

 Evaluate trends in riparian health and factors contributing to riparian conditions in the Study 
Area  

 

4.0  Existing Information and Need for Additional 
Information 

 
The Yuba River between the Englebright Dam and the Marysville Gage has a long history of 
anthropogenic disturbance, primarily related to industrial gold mining efforts.  Multiple 
diversions were created beginning during the late 1800s to supply mining and agricultural 
interests outside of the Yuba River watershed.  Hydraulic mining operations continuing through 
the 1930s deposited vast amounts of sediment throughout the lower Yuba River.   The USACE 
put Englebright Dam into service in 1941 as a sediment barrier, which subsequently depleted 
downstream areas of sediment input.  The landscape in this area is recognized as highly disturbed 
from these historical uses, with the riparian habitat capability greatly reduced from pristine 
conditions.  Several efforts are have been made or are currently underway to document the status 
of riparian vegetation in the Yuba River downstream of Englebright Dam, as identified 
immediately below.  All accessible information useful to understanding Project effects will be 
utilized in this study.  
 
 CDFG mapped all riparian habitats of the Central Valley starting in the 1977 (Nelson and 

Nelson 1984).  This mapping effort used large categories of vegetation type (e.g., forest, 
shrub, herbaceous and bare gravel bar), and will be useful to assess large changes of riparian 
habitat over the last 20-30 years.  Known as the Katibah maps after the principal investigator, 
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these resources are reported to exist in CDFG archives as scanned images of variable quality 
spatial rectification.  YCWA has not been able to obtain these at this time. 

 CDFG is currently mapping riparian habitats throughout the Central Valley at a similar scale 
as the Katibah maps, but following the National Vegetation Classification Standard and the 
California Vegetation Manual (Keeler-Wolf et al. 2009).  A GIS layer of these maps for the 
lower Yuba River up to Highway 20 is expected to be available in 2011 (Diana Hixon, pers. 
comm.).A riparian mapping project has been initiated by the Yuba Accord’s River 
Management Team (RMT).  The RMT has used Light Detection and Ranging (LiDAR) data 
for the entire riparian corridor up to Highway 20 to yield a map of riparian structure (i.e., 
height and density).  The RMT plans to use ground data from CDFG with the LiDAR data to 
develop stand classifications following the California Vegetation Manual, yet one scale finer 
than that being produced by CDFG.  This effort is targeted for completion in late 2010. 
YCWA has not been able to obtain these at this time. 

 The RMT in conjunction with University of California at Davis and YCWA have developed 
a topographic map and two-dimensional hydrodynamic model (SRH-2D) of the Yuba River 
downstream of Englebright Dam (M&E Program 2010) as a basis for integrating and 
understanding riparian trends.   

 An analysis of historic aerial photographs and maps of the lower Yuba dating from 1906 
through 1998 will be undertaken as a joint project between the Yuba County Water Agency 
and the RMT. That effort is anticipated to be completed by summer 2011 (James et al. 2009). 

 Low-altitude aerial video of the Yuba River (YCWA 2009) 

 Topographic and geologic maps, including a digital elevation model (DEM) of the Yuba 
River downstream of USACE’s Englebright Dam (M&E Program 2010) 

 A conceptual model for effects upon riparian habitat from dams, gold-mining activity and 
hydrologic alteration was developed as part of a study funded by the US Fish and Wildlife 
Services’ Anadromous Fish Restoration Program (CBEC 2010). 

 YCWA’s PAD contained information about the riparian vegetation mapped in the area of the 
Project, including CalVeg maps and National Wetland Inventory (NWI) maps on a 1:24,000 
scale, shown with United States Geological Survey (USGS) topographic features and Project 
facilities.  Section 7.6 of the Pre-Application Document includes a table of NWI palustrine 
and riverine wetland types and acres within the Project Area3 and the Federal Energy 
Regulatory Commission (FERC) Project Boundary.4   

Based on NWI maps5 (1987), there are approximately 40,417 feet and 125 acres of riverine 
wetlands within the Project Area, with approximately 8,044 feet and 54 acres within the 
FERC Project Boundary.  Remaining NWI classified wetland habitats in the Project Area 

                                                 
3  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between Project facilities and downstream to the 
next major water controlling feature or structure.  

4  The FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is shown on 
Exhibits J, K, and G of the current license. 

5   National Wetland Inventory (NWI) mapped distances and areas are presented in terms consistent with the information in 
YCWA’s PAD.  
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include approximately 63,926 feet and 13 acres of palustrine wetlands and approximately 
4,635 acres of reservoir open water.   

NWI riparian wetlands have been classified using aerial imagery but no ground-mapping data 
is known to exist to support this inventory.  In addition, the site-specific assessments of 
riparian habitats or habitat condition within the FERC Project Boundary are not adequate for 
relicensing purposes. To achieve the study goals, additional information is needed.  
 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from USACE’s Englebright 
Dam (RM 24) to the Marysville Gage (RM 6.2)6.  The Study Area does not extend farther 
downstream because backwater effects of the Feather River may confound Project effects.  The 
lateral boundaries of the Study Area extend to the toe slope of the river valley, training walls, or 
to a change from riparian species to upland species, whichever is the greater distance.  For the 
purposes of this study, riparian plant species are defined by Reed (1998) or a similar reference. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

                                                 
6  River miles (RM) were calculated using the National Hydrography Dataset (NHD) GIS data.  River miles start at the 

confluence of a stream or river into another stream or river (river mile 0) and increase upstream to the terminus of the stream.  
River miles denoted here indicate the location as measured from the confluence of the Yuba River with the Feather River. 
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 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.7 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
The study will be implemented in one or two phases, as necessary.  Phase one will be 
implemented in 2012 and includes five steps: 1) site selection 2) gather data and prepare for field 
effort; 3) conduct field surveys; 4) prepare data and quality assure/quality control (QA/QC) data; 
and 5) prepare report.  Each step of this phase is described below in the remainder of the 
Methods Section, Steps 1-5. 
 
Phase two of the study will be performed if YCWA and Relicensing Participants collaboratively 
agree that additional riparian information is needed and collaborative agreement on study 
methods is reached.   
 

                                                 
7 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1  Phase One 
 
5.3.1.1 Step 1 - Site Selection 
 
Riparian habitat study sites are generally selected within a reach to represent the range of 
channel and habitat types in the reach (Bovee 1982).  The characteristic feature of a study reach 
is homogeneity of the channel structure and flow regime.  The sites chosen will represent those 
sites most likely to exhibit effects of project features and operations on channel morphology and 
habitat features.  Study sites will extend from the wetted edge of the river to the toe slope of the 
valley, training walls, or to a change from riparian species to upland species, whichever is the 
greater distance.  For the purposes of this study, riparian plant species are defined by Reed 
(1998) or a similar reference.  
 
The Lower Yuba River has been qualitatively divided into reaches on the basis of key 
geomorphic or topologic features, including changes in slope in the longitudinal profile and 
associated geomorphic variables.  The reaches occurring within the study area are described as: 
1) Englebright Dam, 2) the Narrows, 3) Timbucktoo Bend, 4) Parks Bar, 5) Dry Creek, 6) 
Daguerre Point Dam, 7) Hallwood, and 8) Marysville (Wyrick and Pasternack 2011) (Table 
5.3.1-1).   
 
Table 5.3.1-1.  Lower Yuba River reaches delineated by geomorphic characteristics.1 

Reach 
Name 

Valley Width (ft)   Bed Slope 
(%) 

 Thalweg 
Length (ft) 

Starting Point 
Description Minimum Mean Maximum 

Englebright 
Dam 

316 415 693 0.31 
129,440-
133,570 

Englebright Dam 

Narrows 162 298 596 n/a 
122,735-
129,440 

Confluence with Deer Creek 

Timbuctoo 
Bend 

318 544 1349 0.201 
101,945-
122,735 

Onset of emergent gravel floodplain 
upstream of Blue Point Mine 

Parks Bar 311 976 1424 0.188 
75,965-
101,945 

Highway 20 Bridge 

Dry Creek 783 1009 1607 0.135 
63,500-
75,965 

Confluence with Dry Creek 

Daguerre Point 
Dam 

651 1472 1818 0.176 
45,000-
63,500 

Daguerre Point Dam 

Hallwood 232 889 1867 0.131 
17,500-
45,000 

Slope break near Eddie Drive 

Marysville 224 562 1251 0.052 0 – 17,500 No evident feature 
1Source:  Wyrick and Pasternack 2011 

 
 
The Englebright and Narrows reaches are not expected to sustain substantive riparian habitat due 
to the confined, steep nature of the river canyon and the predominant bedrock substrate (Harris et 
al. 1988).  Bedrock channels are generally insensitive to short-term changes in sediment supply 
or discharge.  Only a persistent decrease in discharge and/or an increase in sediment supply 
sufficient to convert the channel to an alluvial morphology would significantly alter bedrock 
channels (Montgomery and Buffington 1993).  Because of the limited potential for riparian 
vegetation in this reach coupled with very limited access,  study sites are not proposed in the 
Englebright or Narrows reaches.  The Marysville reach is not proposed to be included because 
the backwater effects of the Feather River may confound Project effects.  
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A minimum of one study site is proposed for each of the remaining reaches occurring in the 
Study Area.  A total of five study sites will be chosen to include changes in channel morphology 
and riparian vegetation, and additional sites will be added if more are necessary to develop a 
complete characterization of the riparian habitats occurring within the Study Area.  Areas devoid 
of vegetation will be incorporated to the extent necessary to determine potential causes for the 
lack of riparian habitat.   
 
5.3.1.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including GIS data, historical information, reports, maps, aerial photography and 
all other information listed in Section 4.0, Existing Information and Need for Additional 
Information, relevant to riparian vegetation will be reviewed and examined in preparation for 
field efforts.  These sources are expected to provide documentation on relevant geomorphology, 
topography, soils, riparian vegetation coverage and type, invasive species, and land-use (i.e., 
mining, timber management, recreation, road development, fires, grazing, and water diversions).  
This information will be employed during ground-truthing surveys, site analysis and in the 
creation of vegetation mapping products and is expected to increase the general understanding of 
the riparian systems being examined. The current condition of the riparian habitat occurring on 
the Yuba River will be assessed by combining existing information with field surveys.   
 
5.3.1.3 Step 3 - Condition Assessment 
 
Riparian areas are generally very dynamic, as seasons of drought or floods may desiccate or 
scour away otherwise healthy vegetation.  Therefore, resilience to such events is important and 
can be assessed by riparian species abundance, richness, distribution and age structure.  The 
health of a riparian community considers these factors in the context of providing resiliency to 
natural events, as well as structure or complexity for wildlife habitat.   
 
Although each methodology is described in detail in the sub-sections that follow, an overview of 
the methods is provided in the bullets below.  The information will be gathered at each study site 
determined in Step 1. 
 
At each of the five lower reaches, Timbucktoo Bend, Parks Bar, Dry Creek, Daguerre Point 
Dam, and Hallwood (Wyrick and Pasternack 2011), the following methods will be performed.  
   
 Vegetation Mapping   
 Field verifying LiDar and NAIP imagery (e.g., species abundance, richness, and 

distribution) 
 Size-class structure of riparian vegetation 
 Ground-truth vegetation mapping 
 

 Inventory of Existing Cottonwood Stands  
 Size/age class inventory to determine when established 
 Extrapolate conditions under which cottonwoods established 

 Elevation Model Topographic Map and Hydrodynamic Model  
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 Inundation duration and frequency of riparian vegetation 
 Erosion, deposition, or other substrate movement as related to riparian vegetation 

 
 Historical aerial photograph analysis8  
 Examine what changes have taken place over time 
 When changes took place 
 Examine possible causes for changes 

 
Within selected study sites, the following methods will be applied: 
 
 Large Woody Material 
 Locations and physical characteristics of large wood 
 Function in the channel 

 
 General Riparian Condition 
  
 Changes in channel and bank substrate (including any excessive erosion or deposition) 
 Land use activities 
 Unusual stress or mortality on riparian plant community 
 Riparian vegetative and hydrologic connectivity (or lack of) 

 
5.3.1.3.1  Vegetation Mapping 
 
Vegetation mapping will be performed by field verifying LiDar and NAIP imagery of the Study 
Area.  Two sets of data will be collected during vegetation field-verification efforts: 1) 
Individual trees/shrubs; and 2) Vegetation patch types.  This data will be used to calibrate an 
automatic algorithmic vegetation classification which will be applied to the aerial imagery of the 
survey area to result in a map of the vegetation present in the Study Area. 
 
Individual tree/shrub data will verify the descriptive metrics of specific tree or shrub species 
identified on LiDAR and/or NAIP imagery.  Data collection will include the canopy dimensions 
and location, mainstem location and diameter at breast-height (DBH), and dominant understory 
species.  The canopy dimensions will include an estimate of the maximum height and a field-
mapped polygon of the canopy perimeter.  If physical access is limited in the field, or if satellite 
reception is blocked by the tree canopy, the mainstem location will be estimated and the canopy 
edge will be recorded by a minimum of four points at the canopy edge.   

 
Vegetation patch type data will be used to verify areas of vegetation appearing to be similar on 
LiDAR and/or NAIP imagery.  Patches occur when canopy structure is too unresolved to isolate 
individual trees with an appropriate level of accuracy.  These vegetation patches will be 
identified and delineated into polygons prior to field efforts.  Field verification efforts will 
include visual estimates of vegetation homogeneity within the delineated patch and among other 
vegetation patches of matching imagery.  If the vegetation patch is too large to estimate 

                                                 
8  Historical aerial photograph analysis will be performed to the extent that historical aerial photographs are available for each 

reach. 
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accurately, the relevé method will be used to determine species composition and cover of woody 
plants.  Vegetation patches may be re-delineated to match field conditions.  Data collected within 
these patches will include woody vegetative species, percent cover, canopy height, canopy 
variability (emergents), dominant midstory species, and patch perimeter.  
 
A representative number of samples will be taken from individual trees and vegetation patch 
types to accurately align the riparian vegetation with LiDAR and/or NAIP imagery and to 
precisely run an algorithmic vegetation mapping program.  The data collection will be biased 
toward collecting individual tree/shrub data to validate the algorithmic vegetation classification 
because the cognition software delineates individual tree canopies, not patches like traditional 
methods.  Thirty to 50 samples per species and vegetation patch type are expected, but may be 
modified if specific field needs are identified during field efforts.   Ten percent of the data 
collection locations occurring within the upper six miles of the reach will be located to 
correspond with features identifiable on NAIP imagery for ensured vegetation mapping accuracy 
and co-rectification with LiDAR data.   The Study Area will be stratified by environmental 
parameters (i.e., slope, aspect, distance from river, and geomorphically distinct reaches) and an 
effort will be made to collect samples from each representative stratum, as access allows. 
 
A survey grade real time kinematic (RTK) GPS unit will be used for vegetation mapping efforts. 
 
5.3.1.3.2 Inventory and Aging of Existing Cottonwood Stands 
 
Cottonwoods are tall, fast growing riparian trees that colonize floodplain areas to create a host of 
riparian habitat benefits.  They provide lateral stratification for wildlife habitat, shading for 
understory development and stream cooling, as well as generating large woody material (LWM) 
which provides additional habitat and contributes organic matter.  These trees are disturbance 
dependant, with seed dispersal following springtime peak flow events for establishment in 
recently scoured, wet areas of receding river flows.  Because cottonwoods are often considered 
keystone species to Central California riparian habitats, a large knowledge base can be 
incorporated to better understand contributing factors to the current condition of riparian habitat. 
 
As an extension of vegetation mapping, all cottonwood stands will be located and mapped.  
Aging of cottonwood trees will be performed by coring a limited sample of the cottonwood 
population (no more than 10%).    Following the vegetation mapping and historic aerial analysis, 
YCWA will consult with Relicensing Participants on where (strata) and how many cottonwood 
cores to be taken with the goal of understanding the conditions under which the existing 
cottonwood stands became established.  Coring will be limited for the purpose of budgeting.   
 
Once the cored cottonwood trees are aged, an estimation of the age using size class structures 
will be performed to determine approximately when each stand was established and if 
recruitment continues within each stand.  The age classes will be used to retrospectively 
extrapolate conditions that supported the successful establishment and maintenance of the stands. 
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5.3.1.3.3 Digital Elevation Model Topographic Map and Hydrodynamic Model  
 
The digital elevation model two-dimensional topographic map developed by the RMT shows the 
micro-topography of the entire Lower Yuba River riparian corridor up to Highway 20 and is 
inclusive of the five lower reaches.  LiDar produces images precise enough to determine 
vegetation types by heights and the SRH-2D models hydrodynamic water surface levels of the 
channel and banks at various flow releases.  This information will be used to verify other 
vegetation mapping efforts in conjunction with performing vegetation plots and may be used to 
quantify specific vegetation communities.  Inundation levels will be modeled using the SRH-2D 
and will be used determine the potential to support riparian vegetation in unvegetated areas. 
 
5.3.1.3.4 Historical Aerial Photograph Analysis 
 
Historical aerial photograph analysis performed by James et al. (2009) for the RMT will examine 
what changes to riparian vegetation have taken place over time and when the changes happened.  
Timing in changes of the riparian vegetation can be referenced against such things as changes in 
river operations and major flood events and can be used to tease out potential Project effects. 

 
5.3.1.3.5  Large Woody Material 
 
Large woody material plays an important role in streams by shaping channel morphology, 
storing sediment and organic matter, and providing habitat for wildlife.  Field mapping efforts of 
large wood material in select locations within the Lower Yuba River was performed by the 
RMT, but the extensive amount of LWM present made the ground surveys unrealistically time 
consuming.  RMT field methods were revised to largely substitute aerial photograph analysis, the 
results of which will be included in reporting efforts, as available.   In response to requests by 
Relicensing Participants, YCWA will conduct LWM surveys within two randomly selected study 
sites. 
 
LWM occurring within study sites will be counted as follows:  all LWM greater than 3 ft in 
length within the active channel within four diameter classes (4-12 inches, 12-24 inches, 24-36 
inches, and greater than 36 inches) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater 
than 75 ft).  More detailed measurements will be taken for key pieces located within riparian 
habitat study sites.  Key pieces of LWM are defined as pieces either longer than 1/2 times the 
bankfull width, or of sufficient size and/or are deposited in a manner that alters channel 
morphology and aquatic habitat (e.g., trapping sediment or altering flow patterns).  Key piece 
characteristics to be recorded will include: 
 
 piece location, either mapped onto aerial photos or documented with GPS 
 piece length 
 piece diameter 
 piece orientation 
 position relative to the channel 
 whether the piece has a rootwad 
 tree species or type (e.g., conifer or hardwood) 
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 whether the piece is associated with a jam or not 
 the number of large pieces in the jam 
 recruitment mechanism 
 function in the channel 
 
Additional information obtained from RMT woody material mapping in the Lower Yuba River 
will be included as available.  LWM information will be included in overall riparian assessment. 

 
5.3.1.4 Step 4 – Prepare Phase 1 Report and Collaborate Regarding Phase 2 
 
At the conclusion of Phase 1, YCWA will prepare a report summarizing Phase 1, provide the 
report to Relicensing Participants, and meet with Relicensing Participants to discus the need for 
additional data collection.  If YCWA and Relicensing Participants collaboratively agree 
additional data are needed, YCWA and Relicensing Participants will collaboratively develop the 
methods for Phase 2 (the methods may include greenline survey-type data collection), and 
YCWA will provide the methods to FERC for consideration.   YCWA will implement Phase 2 as 
approved by FERC.   
 
5.3.2 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting existing riparian habitat and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland and riparian sites found.  YCWA will also produce a map for the 
study area that shows the extent of riparian vegetation as depicted on historic aerial photos 
compared to riparian vegetation extent depicted on recent aerial photos.    
 
5.3.3 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include field data to support riparian condition assessment 
and riparian habitat maps.  
 
The study report will focus on addressing the study goals using riparian vegetation composition, 
age class structure, and distribution to evaluate trends in riparian health and determine factors 
contributing to riparian conditions in the Study Area.  These factors will be evaluated in a 
context of the functioning condition of the riparian habitat and what benefits (versus potential 
benefits) it provides to the biotic communities and abiotic systems of the Yuba River.  Project 
effects and other current or historical land uses will also be incorporated to illustrate the best 
possible understanding of the conditions supporting or limiting the riparian habitat. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
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 YCWA will prepare a report summarizing Phase 1, provide the report to Relicensing 
Participants, and meet with Relicensing Participants to discuss the need for additional data 
collection.  If YCWA and Relicensing Participants collaboratively agree additional data are 
needed, YCWA and Relicensing Participants will collaboratively develop the methods for 
Phase 2 (the methods may include greenline survey-type data collection), and YCWA will 
provide the methods to FERC for consideration.   YCWA will implement Phase 2 as 
approved by FERC. (Step 4.)   

 
7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) .......................................................................... September 2011 - May 2012 
Collect and Review Existing Data and Information (Step 2) ........................... April - August 2012 
Condition Assessment (Step 3) .......................................................................... May - August 2012 
Prepare and QA/QC Data (Step 4)  ......................................................... October – November 2012 
Study Report Preparation (Step 5) ................................................. November 2012- February 2013 
Phase Two .......................................................................................................... May - August 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study provides an assessment of potential Project effects on existing riparian vegetation and 
is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California.  The proposed methodologies use standard 
assessment methods developed and used by federal land management agency personnel.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $60,000 and 
$80,000. 
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Study 6.3 

WETLANDS 
August 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have the potential to affect 
wetlands. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over wetlands in the geographic area 
included in this study proposal: 1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 3) United States Army Corps of Engineers (USACE); and 
4) California Department of Fish and Game (CDFG).  Each of these agencies and their 
jurisdiction and management direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
USACE 
USACE’s management goals for wetlands include protecting aquatic resources, while allowing 
reasonable development, through restoring, enhancing, creating and preserving aquatic functions 
(USACE 2008a). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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3.0 Study Goals and Objectives 
 
The goals of this study are: 1) to document the occurrence and distribution of wetlands within the 
existing Federal Energy Regulatory Commission (FERC) Project Boundary1; and 2) to assess the 
condition of wetlands potentially affected by continued Project O&M within the existing FERC 
Project Boundary. 
 
The objective of this study is to gather the data and information necessary to meet the study 
goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Pre-Application Document (PAD) contains information about the wetland vegetation 
mapped in the area of the Project, including National Wetland Inventory (NWI) maps on a 
1:24,000 scale, shown with United States Geological Survey topographic features and project 
facilities.  Section 7.6 of the Preliminary Information Package includes a table of NWI palustrine 
and riverine wetland types and acres within the Project Area.2   
 
Based on NWI maps (1987), there are approximately 63,926 feet along the water and 13 acres of 
palustrine wetlands within the Project Area, with approximately 8,323 feet along the water and 5 
acres within the existing FERC Project Boundary.  Remaining NWI classified wetland habitats in 
the Project Area include approximately 40,417 feet along the water and 125 acres of riverine 
wetlands and approximately 4,635 acres of reservoir open water. 
 
NWI wetlands have been classified using aerial imagery but no ground-mapping data is known 
to exist to support this inventory. In addition, no known site-specific assessments of wetland 
habitats or habitat condition within the YCWA FERC Project Boundary are known to exist. To 
achieve the study goals, additional information is needed.  
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes wetlands within the FERC Project Boundary. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
                                                 
1  The existing FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license. 
2  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between project facilities and downstream to the 
next major water controlling feature or structure. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) site selection 2) gather data and 
prepare for field effort; 3) conduct field surveys; 4) prepare data and quality assure/quality 
control data; and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Site Selection 
 
Non-riparian4 wetlands within the FERC Project Boundary will be identified by wetland 
hydrology and hydrophytic vegetation indicators (Environmental Laboratory 1987, 2008b), and 
microtopographic depressions.  Based on aerial photography, NWI maps (1987), and field 
reconnaissance, representative wetlands potentially affected by continued Project O&M will be 
selected for wetland condition assessment.  
 
5.3.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, and aerial photography relevant to wetland vegetation will be collected and 
reviewed where available for the selected sites.  These sources are expected to provide 
documentation on geology, topography, soils, wetland vegetation coverage and type, invasive 
species, and land-use (i.e. mining, timber management, recreation, road development, fires, 
grazing, and water diversions).   
 
5.3.3 Step 3 – Condition Assessment 
 
Surveyors will conduct a condition assessment using the protocol Riparian Area Management, A 
User Guide to Assessing Proper Functioning Condition and the Supporting Science for Lentic 
Areas (Prichard et al. 2003) at wetland sites. Observations of representative conditions and 
noteworthy atypical conditions will be documented by geo-referenced photographs.  Recorded 
site information will include: 1) hydrologic attributes and processes including observations for 
inundation, water source, soil saturation, watermarks, sediment deposits, and drainage patterns 2) 
dominant and sub-dominant vegetative species; vertical community distribution; horizontal 
community stratification; evidence of periodic recruitment; and dominant and sub-dominant 
species rating for known association with moist soil conditions in accordance with USACE 
wetland delineation forms (USACE 2008b) 3) erosion and/or deposition attributes including 

                                                 
4  Riparian applies to the wetlands “…contiguous to and affected by surface and subsurface hydrologic features of perennial or 

intermittent lotic (lakes) and lentic (rivers, streams, or drainage ways) water bodies.” (USFWS 1997).  Riparian-wetlands are 
addressed by YCWA’s Riparian Habitat Upstream of Englebright Reservoir Study (Study 6.1) and Riparian Habitat 
Downstream of Englebright Dam Study (Study 6.2). 
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observations for geologic structure, sediment supply, and shoreline characteristics 4) 
observations of special-status species. 
 
The study does not include formal wetland delineation. 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting wetland habitat and other 
related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland sites and wetlands found. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  Maps of wetland habitat will be included as an attachment. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation.   
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) ....................................................................... November 2011 - March 2012 
Collect and Review Existing Data and Information (Step 2) ............................... April - May 2012 
Condition Assessment (Step 3) ......................................................................................... June 2012 
Prepare and QA/QC Data (Step 4)  .................................................................................... July 2012 
Study Report Preparation (Step 5) .......................................................................... September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California. The proposed methodologies use standard 
assessment methods developed and used by federal land management agency personnel. 
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9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $120,000 and 
$165,000. 
 

10.0 References Cited 
 
Prichard, D., J. F. Berg, W. Hagenbuck, R. Krapf, R. Leinard, S. Leonard, M. Manning, C. 

Noble, J. Staats.  2003.  Riparian Area Management: a user guide to assessing proper 
functioning condition and the supporting science for lentic areas. Technical Reference 
1737-16. Bureau of Land Management, BLM/RS/ST-99/001+1737+REV03, National 
Applied Resource Science Center, CO. 

Environmental Laboratory.  1987.  Corps of Engineers Wetlands Delineation Manual.  Technical 
Report Y-87-1, U.S. Army Engineer Waterways Experiment Station, Vicksburg, Miss.  

United States Army Corps of Engineers (USACE). 2008a. Regulatory Program Mission 
Statement. Accessed October 13, 2008 
http://www.usace.army.mil/cw/cecwo/reg/mission.htm.———.   

2008b.  Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual: 
Western Mountains, Valleys, and Coast Region (ERDC\EL TR-08-13).  U.S. Army 
Corps of Engineers.  U. S. Army Engineer Research and Development Center, 
Environmental Laboratory, Vicksburg, MS. 

United States Department of Interior, Fish and Wildlife Service (USFWS).  1987.  National 
Wetland Inventory (NWI) maps.  US Department of the Interior, USFWS, Region 1.  
Portland, OR. 

_____.  1997.  A system for mapping riparian areas in the western United States.  U.S. 
Department of the Interior, U.S. Fish and Wildlife Service, National Wetlands Inventory, 
St. Petersburg, FL.  

Yuba County Water Agency (YCWA).  2010.  Yuba River Development Project relicensing Pre-
Application Document.  Yuba County Water Agency, Marysville, CA.  
http://www.ycwa-relicensing.com. 

 

 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan ESA-listed Plants 
 ©2011, Yuba County Water Agency Page 1 of 8 

Study 7.1 

ENDANGERED SPECIES ACT-LISTED 
PLANTS 
August 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an adverse effect on plants 
listed under the federal Endangered Species Act (ESA) as endangered (FE) or threatened (FT). 
 
Special-status plants1 and plants listed under the State of California Endangered Species Act 
(CESA) are addressed in separate study proposals: the Special-Status Plants Study Proposal and 
CESA-Listed Plants Study Proposal, respectively. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes one agency has jurisdiction over ESA-listed plants: 1) the United States 
Department of Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have a measurable, adverse effect on ESA-listed plant 
species. 
 
The objective of this study is to gather the information necessary to perform this analysis. 

 

                                                 
1  For the purposes of this Relicensing, special-status plants are considered those plants that are: 1) found on National Forest 

Service (NFS) land managed by the Forest Service and formally listed on the Forest Service’s List of Sensitive Plant Species 
for the Plumas National Forest (FSS-P) or the Tahoe National Forest (FSS-T); 2) found on the CDFG’s list of California Rare 
(SR) species, listed under the Native Species Protection Act of 1977; 3) listed under the federal ESA as Proposed or a 
Candidate for listing as endangered or threatened; 4) listed under the CESA as proposed for listing; or 5) found on the 
California Native Plant Society (CNPS) Inventory of Rare Plants and formally listed as a CNPS 1, 2 3 or 4 plant (CNPS 1, 
CNPS 2, CNPS 3, CNPS 4).   
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4.0 Existing Information and Need for Additional 
Information 

 
As discussed in Section 7.7 of YCWA’s Pre-Application Document (PAD), existing and relevant 
information regarding known and potentially occurring ESA-listed plants in the Project Vicinity2 
is available from the California Natural Diversity Database (CNDDB) (CDFG 2009), USFWS 
official list of ESA-listed species for 7.5 minute USDOI, United States Geological Survey 
(USGS) topographic quadrangles (quads) (USFWS 2009) and California Native Plant Society 
(CNPS) Inventory of Rare and Endangered Plants database (CNPS 2009).  Based on this 
information, YCWA identified four plant species that are ESA-listed and have a reasonable 
potential to occur on the Project.  Table 4.0-1 provides for each of the ESA-listed plant species: 
1) status; 2) flowering period; 3) elevation range; 4) habitat requirements; and 5) documented 
occurrence in the Project Vicinity. 
 
Table 4.0-1.  ESA-listed plant species potentially occurring on the Yuba County Water Agency’s 
Yuba River Development Project. 

Common Name/ 
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Stebbins’ morning-
glory  
Calystegia stebbinsii 

FE 
SE 

CNPS 1B 
Apr-Jul 607-2,395 

Chaparral, cismontane 
woodland 

Unknown in Project Vicinity;  
present in Pilot Hill, Grass Valley, 
Lake Combie 

Pine Hill flannelbush 
Fremontodendron 
decumbens 

FE 
SR 

CNPS 1B 
Apr-Jul 1,394-2,493 

Chaparral, cismontane 
woodland/gabbroic or 
serpentinite, rocky 

Unknown in Project Vicinity;  
present in Grass Valley 

Layne’s ragwort 
Packera layneae 

FT 
SR 

CNPS 1B 
Apr-Aug 656-3,281 

Chaparral, cismontane 
woodland/serpentinite or 
gabbroic, rocky 

In vicinity-Challenge, Clipper Mills; 
present in Pilot Hill, Rackerby 

Hartweg’s golden 
sunburst 
Pseudobahia 
bahiifolia 

FE 
SE 

Mar-Apr 50-500  
Valley and foothill 

grassland, cismontane 
woodland 

Unknown in Project Vicinity 

1  Special-status:  
 CNPS: California Native Plant Society listed species  
  1B:  Species considered rare or endangered in California and elsewhere  
 FE:  Federal Endangered Species  
   FT:  Federal Threatened Species 
 SE:  California Endangered Species 
 SR:  California Rare Species 
2  Occurrence in Project Vicinity:  Some of the USGS topographic quadrangles are found entirely within the Project Vicinity and some are 

partially within the Project Vicinity.  Results based on CNPS nine-quadrangle search. 

 
None of the available reports are from surveys within the existing FERC Project Boundary.3 
 
Additional information needed to address the study goal is the specific location of ESA-listed 
plants in relation to Project facilities, normal Project O&M activities, Project recreation, and any 
other Project-related activities that might affect ESA-listed plants. 
 

 

                                                 
2 For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle 
3 The FERC Project Boundary is the area Licensee uses for normal Project operations and maintenance and is shown on Exhibits 

J, K and G of the current license. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan ESA-listed Plants 
 ©2011, Yuba County Water Agency Page 3 of 8 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, Project roads, powerhouses and reservoirs) as well as 
Project recreation areas.  The study area will also include a buffer of 100 feet extending upslope 
from the high-water mark of the Project reservoirs and from the FERC Project Boundary around 
Project recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and YCWA’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
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with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with YCWA’s Project operations staff; and 5) prepare report.  Each step is described 
below. 
 
5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
YCWA will identify and map known occurrences of ESA-listed plants within the study area, and 
prepare field maps for use by survey teams.  The maps will include aerial imagery, Project 
features, and known ESA-listed plant occurrences.  Survey timing will be planned based on 
herbarium collection dates. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
YCWA’s surveyors will conduct ESA-listed plant surveys as outlined in the “Botanical Survey” 
section of the California Department of Fish and Game’s (CDFG) Protocols for Surveying and 
Evaluating Impacts to Special Status Native Plant Populations and Natural Communities (CDFG 
2009).5 
 
Surveys will be comprehensive over the entire study area using systematic field techniques to 
ensure thorough coverage, with additional efforts focused in habitats with a higher probability of 
supporting special-status plants (e.g., serpentine outcrops).  Surveys will be floristic in nature, 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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documenting all species observed; taxonomy and nomenclature will be based on The Jepson 
Manual (Hickman 1993). 
 
In the event ESA-listed plants are found within the study area, surveyors will collect the 
following data, to the edge of the occurrence, or to 0.25 mile outside the FERC Project 
Boundary, whichever is less: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed). 

 Estimated area (approximate length and width) covered by the ESA-listed plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acres, surveyors will delineate the occurrence boundary 
using a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, location of the approximate center of the occurrence taken as point data 
using a handheld GPS unit. 

 Dominant and subdominant vegetation in the area. 

 Estimated distance to nearest Project facility, feature, or Project-related activity. 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses). 

 Estimated phenology and descriptions of reproductive state. 
 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting ESA-listed plant occurrences, 
Project facilities, features, and specific Project-related impacts (e.g., dispersed use camping) and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of ESA-listed plant occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of ESA-listed plants in the study area are defined, Project operations staff will 
be consulted to identify Project O&M and Project-related activities that typically occur in the 
area of the ESA-listed plant populations that have a potential to adversely affect the population. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include GIS maps that show by ESA-listed plant the 
location in respect to Project facilities and features.  The GIS layer of ESA-listed plants will be 
made available to the Forest Service if the plant is on National Forest System land.  In addition, 
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YCWA will develop a GIS layer for noxious weeds and make this available to the Forest 
Service. 
 
If YCWA observes any ESA-listed plants, YCWA will notify the USFWS within 3 working days 
after the observation. If the plant is on National Forest System (NFS) land, YCWA will also 
notify the Forest Service. 
 
For all ESA-listed plant species observations, YCWA will complete the appropriate CNDDB 
form and transmit the form to the CNDDB.  If the plant is on NFS land, YCWA will provide a 
copy of the ESA-listed Plant CNDDB form to the Forest Service at the same time it is submitted 
to CNDDB. 
 

6.0 Study-Specific Consultation 
 
The study proposal does not require study-specific consultation. 
 
However, since FERC has designated YCWA as its non-federal representative for Section 7 
informal consultation under the ESA, YCWA will consult with USFWS prior to, during, and 
after study implementation. 
 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ............................................................................ November 2011- February 2012 
Collect Data (Step 2) .................................................................................... March 2012- July 2012 
QA/QC Review (Step 3) ............................................................................................... August 2012 
Operations Staff Consultation (Step 4)  ........................................................................ August 2012 
Study Report Preparation (Step 5) ............................................................ August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2012 dollars is between $8,500 and $11,500. 
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Study 7.2 

POTENTIAL NARROWS 2 POWERHOUSE 
INTAKE EXTENSION1 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may affect fish in the Yuba River 
downstream of the United States Army Corps of Engineers’ (USACE) Englebright Dam2 due to 
water temperature. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over water temperature potentially affected 
in the geographic area included in this study proposal:  1) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) 
California Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, 
Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
 
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this three-phased study is to determine the need for and appropriate 
configuration of a Narrow 2 Powerhouse Intake modification.  The goal of the first phase of the 
study is to determine appropriate target water temperatures (i.e., temperature range, times of year 
and locations) for steelhead (Oncorhynchus mykiss irideus) and spring- and fall-run Chinook 
salmon (O. tshawytscha) in the Yuba River downstream of Englebright Dam.   
 
The goal of the second phase of the study is to determine if the current Narrows 2 Powerhouse 
Intake, in conjunction with operation of other existing Project facilities can provide the target 
water temperatures and, if not, how the intake might be modified to provide the target 
temperatures. 
 
The goal of the third phase is to develop a conceptual design for a Narrows 2 Powerhouse intake 
modification, if the second phase determines a modification to the intake is needed to meet target 
water temperatures. 
 
The objective of the study is to develop information to meet the study goals as described above. 
 

4.0 Existing Information and Need for Additional 
Information 

 
4.1  History of Temperature Regime in the Yuba River 
 
The Yuba River downstream of Englebright Dam supports significant, naturally spawning 
populations of anadromous fish, including Central Valley fall-run Chinook salmon, spring-run 
Chinook salmon, and steelhead.  Central Valley spring-run Chinook salmon is currently listed as 
a threatened species under both the federal and State of California Endangered Species Acts 
(ESA and CESA, respectively), and steelhead is listed as threatened under the ESA. Central 
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Valley fall-run Chinook salmon have been designated a candidate for listing under the federal 
ESA. 
 
Since 1941, water temperature in the Yuba River downstream of Englebright Dam has been 
significantly affected by releases from the 260-foot-high Englebright Dam.  From 1941 through 
1970, outflow from Englebright Reservoir was controlled through Pacific Gas and Electric 
Company’s (PG&E) Narrows 1 Project, constructed concurrently with Englebright Dam.  The 
Narrows 1 Powerhouse is located on the south bank of the Yuba River about 1,500 feet 
downstream of Englebright Dam, and the powerhouse has a maximum flow capacity of about 
740 cfs.  Since Englebright Dam does not contain a low-level outlet,3 flows that could not be 
controlled by PG&E’s Narrows 1 Project overflowed the dam.  Englebright Reservoir is fairly 
small (70,000 acre-feet, or ac-ft, of total storage in 1970), and is reportedly over 25 percent filled 
with sediment. There was likely minimal cold water during the summer in Englebright Reservoir 
prior to the construction of New Bullards Bar Dam, and likely water temperatures in the Yuba 
River downstream of Englebright Dam were similar to natural flow conditions (i.e. quite warm in 
summer and fall periods). 
 
In 1970, YCWA constructed the Yuba River Development Project, which included two 
significant components that lowered summertime water temperatures in the Yuba River 
downstream of Englebright Dam.  The first was the combination of New Bullards Bar Dam and 
New Colgate Powerhouse.  The dam forms New Bullards Bar Reservoir, which has a large 
supply of cold water.  That cold water is released to the Yuba River through New Colgate 
Powerhouse located just upstream of Englebright Reservoir.   
 
The second Project component was Narrows 2 Powerhouse, which greatly increased the 
capability for controlled releases from Englebright Dam.  The intake for the Narrows 2 
Powerhouse is a tower located on the northwest side of Englebright Reservoir adjacent to 
Englebright Dam.  The tower receives water from the surface of Englebright Reservoir down to 
an elevation of 439 feet, about 80 feet below the normal maximum water surface elevation.4  
 
As a result of the above, water temperature in the Yuba River downstream of Englebright Dam 
were significantly cooler in the late spring, summer and fall after 1970 than it had been from 
1941 through 1970 and also cooler than pre-dam, natural conditions for much of the warmer 
months of the year.  However, water temperature continued to be a major concern of resource 
agencies for management and recovery of Chinook salmon and steelhead on the Yuba River 
downstream of Englebright Dam (CDFG 1991).  To address this concern, starting in about 1999 
YCWA conducted preliminary investigations of the potential benefits of installing an intake 
extension for the Narrows 2 Powerhouse that would access the colder, deeper water in 
Englebright Reservoir.  Initial modeling indicated that temperature reductions of 1 to 6 degrees 
Fahrenheit (°F) could potentially be achieved, depending on hydrologic conditions, release rates 
from New Bullards Bar Reservoir, and the final design and operation of a new intake.  YCWA 

                                                 
3  Since the California Debris Commission designed Englebright Dam as a debris storage dam, it did not include a low-level 

outlet in the dam. 
4  Under current operations, Englebright Reservoir fluctuates about 7 feet, from full pool at elevation 527 ft down to an elevation 

of about 520 feet, except during the winter and spring when the reservoir often spills over the Englebright Dam spillway. 
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pursued grant funding from CalFed and other sources for design and installation of an intake 
device; however, funding was not secured.  In 2000, the State Water Resources Control Board 
(SWRCB) in Order D-1644 directed YCWA to “diligently purse” funding for the intake 
extension. 
 
Since the 2006, water temperatures in the Yuba River downstream of Englebright Dam have 
been lowered as a result of higher instream flows when the first Pilot Program year of the Yuba 
Accord was implemented.  The Lower Yuba Accord is a consensus‐based, comprehensive set of 
agreements designed, among other things, to protect and enhance the Yuba River downstream of 
Englebright Dam.  The EIR/EIS undertaken for the Accord demonstrated that summer and fall 
month temperatures in the Yuba River downstream of Englebright Dam would generally be 
colder by 1° to 5°F (depending on hydrologic conditions & release schedule) as a result of the 
Accord.  The EIR/EIS also demonstrated that the long-term average water temperatures in most 
year classes, including Dry and Critical water years would be lower than the CDFG 1991 
suggested temperatures that initially prompted the consideration of a new intake structure for 
Narrows 2. 
 
At this time, it appears appropriate to re-evaluate the potential Narrows 2 Powerhouse Intake 
extension in context with the FERC relicensing studies and Lower Yuba Accord River 
Management Team (RTM) studies. 
 
4.2 Existing and Available Information for Temperature Regime in 

the Yuba River 
 
Temperature conditions in the Yuba River below Englebright Dam have been evaluated on 
several occasions using a variety of techniques.  CDFG undertook an analysis using existing data 
in CDFG’s “Lower Yuba River Fisheries Management Plan” (CDFG 1991).  Additional analysis 
of temperature data was completed in support of the SWRCB hearings on flows for the Yuba 
River below Englebright (SWRI et al. 2000). 
 
A Technical Team comprised of representatives from YCWA, NMFS, CDFG, USFWS, and non-
governmental organizations undertook a qualitative review of temperature conditions in 2001-
2003 during the course of the development of the Lower Yuba River Accord flow schedules.  
(Yuba Accord Fisheries Agreement, 2005).  Subsequent analysis of the Accord flow schedules 
during the preparation of the Draft Environmental Impact Report/Environmental Impact 
Statement for the Proposed Lower Yuba River Accord (YCWA 2007) utilized additional 
temperature data and a temperature model developed for the EIR/EIS analysis to compare 
temperature conditions under various CEQA and NEPA scenarios including No Action/No 
Project and various flow alternatives.  
 
Recently, the Yuba Accord River Management Team (RMT) revisited water temperature 
management considerations for the Yuba River below Englebright Dam.  In November of 2010 
the RMT prepared a Technical Memorandum (Attachment A to this Study Plan) in which they 
reviewed the appropriateness of the water temperature regime associated with implementation of 
the Yuba Accord using previously available data and information, updated in consideration of 
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recent and ongoing monitoring activities conducted by the RMT since the pilot programs were 
initiated in 2006. The RMT reviewed and updated the lifestage periodicities of target species 
(spring-run Chinook salmon, steelhead, fall-run Chinook salmon, green sturgeon) in the lower 
Yuba River, identified the appropriate thermal regime for each target fish species taking into 
account individual species and lifestage water temperature requirements, identified water 
temperature index values, assessed the probability of occurrence that those water temperature 
index values would be achieved with implementation of the Yuba Accord, reviewed water 
temperature monitoring data collected from 2006 – 2010, and evaluated whether alternative 
water temperature regimes are warranted.  The RMT also addressed the issue regarding the 
potential that cold water conditions could affect adult spring-run Chinook salmon immigration 
and holding, and the issue of O. mykiss anadromy versus residency.  
 
Given the entire suite of considerations in the Technical Memorandum, the RMT concluded that 
implementation of the Yuba Accord provides a suitable thermal regime for target species in the 
lower Yuba River, and did not recommend water temperature-related operational or 
infrastructure modifications at this time.  Further, the RMT recommended that the Technical 
Memorandum be supplemented by incorporating additional data and information obtained from 
ongoing monitoring and evaluation activities, and by the application of a daily time-step water 
temperature model, when such a model becomes available, to provide greater resolution and to 
validate the exceedance estimates of the Yuba Accord Water Temperature Model. 
 
The RMT is comprised of representatives of NMFS, USFWS, CDFG, DWR, YCWA, PG&E and 
NGOs.  Because the RMT membership includes or represents all of the jurisdictional agencies 
and most concerned stakeholders for the Yuba River below Englebright Dam, it is anticipated 
that the RMT’s technical analysis of water temperature conditions in the Yuba River below 
Englebright Dam will be sufficient for use by relicensing stakeholders, resource agencies, and 
YCWA for assessment of potential water temperature impacts in the Lower Yuba River. 
 
Relicensing Participants with an interest in issues related to temperatures in the Yuba River 
below Englebright Dam are encouraged to interact with their respective RMT representatives 
during the technical analysis.  Additionally, the RMT can make interim work products, data and 
findings available to the Relicensing Stakeholders 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes Englebright Dam in the vicinity of the 
Narrows 2 Powerhouse Intake and the Yuba River downstream of Englebright Dam. 
 
This study will draw on information being developed primarily by two other Relicensing studies, 
each of which has a broader study area: YCWA’s Water Balance/Operations Model and Water 
Temperature Model Study. 
 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Potential Narrows 2 Extension Revised Study Plan August 2011 
Page 6 of 10 ©2011, Yuba County Water Agency 

If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be conducted in three steps, each of which is described below.  
 
5.3.1 Step 1 – Assess Ability of Existing Intake and Alternatives to Meet Target 

Water Temperatures  
 
In this step, YCWA will use the Relicensing Water Balance/Operations Model in combination 
with the Relicensing Water Temperature Model to determine if, and under what conditions, the 
existing Narrows 2 Power Tunnel Intake structure can be used to meet the target water 
temperatures developed by the RMT.  The model will also be used to investigate if the 
withdrawal of water from deeper portions of the Englebright Reservoir would facilitate meeting 
the target water temperatures.  YCWA will consult with the Relicensing Participants regarding 
model assumptions, and model results.  
 
The ability of the existing Narrows 2 intake structure to meet other water temperature targets 
(i.e., alternatives to the targets developed by the RMT) will be assessed for any targets 
collaboratively agreed to by YCWA and Relicensing Participants. 
 
If this step determines that the existing Narrow 2 Power Tunnel Intake as configured is adequate 
to meet the RMT target water temperatures and other water temperature targets, if 
collaboratively agreed to, the study will skip Step 2 and proceed to Step 3.  
 
5.3.2 Step 2 – Develop Conceptual Design for Preferred Alternative  
 
If Step 1 determines that a reconfiguration of the Narrow 2 Power Tunnel Intake would be 
necessary to achieve target water temperatures, YCWA will develop alternative conceptual 
designs for intake.  The goal of this step is to develop enough detail so that the intake, including 
its construction, can be included in YCWA’s Application for a New Licensee and evaluated in 
the National Environmental Policy Act (NEPA) and California Environmental Quality Act 
(CEQA) reviews to support issuance of a new license by FERC, and all necessary agency 
permits and approvals to construct and operate the modified intake, if one is proposed.  YCWA 
will work collaboratively with the Relicensing Participants regarding the conceptual design.  
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5.3.3 Step 3 – Prepare Report  
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  The report will include the RMT’s final white paper, 
results of the model runs, and conceptual design and supporting information for the modified 
Narrows 2 Power Tunnel Intake, if one is proposed by YCWA.       
 

6.0  Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 YCWA will consult with the Relicensing Participants regarding model assumptions, and 

model results (Step1). 

 YCWA will collaborate with Relicensing Participants the need for alternative to the RMT 
water temperature targets.  If YCWA and Relicensing Participants collaboratively agree that 
alternatives are needed, YCWA will collaborate with Relicensing Participants to develop the 
alternative water temperature targets (Step 1). 

 YCWA will seek comments from the Relicensing Participants regarding the conceptual 
design of the Narrows 2 Intake structure (Step 2). 

 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Assess Existing and Alternative Intakes (Step 1) ............................ November 2012 – March 2013 

Develop Conceptual Design (Step 2) ........................................................... April 2013 – July 2013 

Prepare Report (Step 3) ............................................................................ August – September 2013 

 
8.0  Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
The study is unlike studies performed for other relicensings, and therefore, does not conform to 
standard scientific practices.  However, identifying goals, assessing the ability of existing 
structures to meet those goals and developing conceptual designs for modifications to existing 
structures so the goals can be met meets the criteria for good engineering practice.   
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9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $50,000 and 
$100,000. 
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1 INTRODUCTION 

Flows  in  the  lower Yuba River,  extending  from Englebright Dam downstream  to  the 

river’s  confluence with  the  Feather  River  near Marysville  (Figure  1)  are  released  in 

accordance with the Lower Yuba River Accord (Yuba Accord). The flow schedules that 

are  included  in  the Yuba Accord were  developed  by  the  Lower Yuba River Accord 

Technical  Team  (TT),  a  technical working  group  including  representatives  from  the 

Yuba County Water Agency (YCWA), National Marine Fisheries Service (NMFS), U.S. 

Fish and Wildlife Service  (USFWS), California Department of Fish and Game  (CDFG), 

and a group of the non‐governmental organizations (NGOs) including Trout Unlimited, 

American Rivers, The Bay Institute, and South Yuba River Citizens League. The Yuba 

Accord flow schedules were developed between 2001 and 2004, and formalized in a set 

of  agreements  in  2005.  The  Yuba Accord,  including  the  flow  schedules,  underwent 

CEQA/NEPA evaluation  in 2006/2007, and  in 2008  the State Water Resources Control 

Board  (SWRCB) approved petitions  to  change  the water  right permits of YCWA  that 

were necessary to implement the Yuba Accord. 

The  initial  efforts of  the TT during 2001‐2003  included  conducting a  review of water 

temperature  conditions  in  the  lower Yuba River. The TT developed  the Yuba Accord 

flow regime to achieve several objectives, one of which included providing appropriate 

water  temperatures  for  target species and  lifestages,  focusing on Chinook salmon and 

steelhead  immigration  and  holding,  spawning,  embryo  incubation,  rearing  and 

emigration. The Yuba Accord flow schedules (and associated water temperatures) were 

implemented  on  a  pilot  program  basis  during  2006  and  2007,  and  have  been 

implemented on a  long‐term basis since approval of  the Yuba Accord petitions by the 

SWRCB in 2008.  

One of  the provisions of  the Yuba Accord was  the establishment of  the Yuba Accord 

River Management Team (RMT). The RMT  includes representatives of YCWA, NMFS, 

USFWS, CDFG, Pacific Gas  and Electric Company  (PG&E), California Department of 

Water Resources  (DWR) and  the NGOs  that are parties  to  the Fisheries Agreement of 

the Yuba Accord. Since  the Yuba Accord was  formalized  in  2008,  the RMT has been 

tasked with oversight of  the monitoring  and  evaluation program  for  the  lower Yuba 

River. 
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Figure 1.  Map of the lower Yuba River 

1.1 Technical Memorandum Purpose and Objectives 

The RMT’s purpose for this Technical Memorandum is to review the appropriateness of 

the  water  temperature  regime  associated  with  implementation  of  the  Yuba  Accord 

using previously available data and information, updated in consideration of recent and 

ongoing monitoring  activities  conducted  by  the RMT  since  the  pilot  programs were 

initiated in 2006. The RMT’s objectives for this memorandum are to review and update 

the  lifestage  periodicities  of  target  species  in  the  lower  Yuba  River,  identify  the 

appropriate thermal regime for target fish species taking into account individual species 

and lifestage water temperature requirements, identify water temperature index values 

(described  in  Section  2.2.1),  assess  the  probability  of  occurrence  that  those  water 

temperature index values would be achieved with implementation of the Yuba Accord, 

and to evaluate whether alternative water temperature regimes are warranted.  

This Technical Memorandum presents  the methodological  approach used  to  address 

the  above  stated  objectives,  summarizes  the  results  and  the  RMT’s  conclusions 

regarding the appropriateness of the current Yuba Accord operational thermal regime, 
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and  suggests  future water  temperature  evaluation  considerations  for  the  lower Yuba 

River. 

1.2 Background 

Environmental parameters  such  as water  temperature  affect  the distribution,  growth 

and  survival  of  fish  populations. Water  temperature  regimes  occurring  in  regulated 

rivers  are  controlled  by  climatologic  and  meteorologic  conditions,  the  physical 

characteristics  of  the  regulating  dams  and  reservoirs,  the  volume,  timing,  and 

temperature of inflows to the reservoirs, and the release schedules associated with dam 

and reservoir operations.  Water temperatures in the lower Yuba River downstream of 

Englebright Dam are  influenced by  the  temperature of  the water  released  from New 

Bullards Bar Reservoir to Englebright Reservoir, releases from Englebright Reservoir to 

the  lower  Yuba  River,  operations  under  the  Yuba  Accord  Fisheries  Agreement 

(magnitude,  frequency,  and  duration  of water  releases),  and  natural mechanisms  of 

heat  transfer  associated with  characteristics  of  the  physical  environment  (e.g.,  river 

geometry) and climate (e.g., ambient air temperatures).  

1.2.1 Facilities, Operations, and Water Temperature Considerations 

The construction of the Yuba River Development Project, and specifically New Bullards 

Bar  Dam  and  Reservoir  in  1970,  has  played  a  significant  role  in  lowering  water 

temperatures in the lower Yuba River during the spring, summer, and fall (YCWA et al. 

2007) by incorporating a large, deep reservoir with a large cold water pool into the Yuba 

River  system.  Flows  released  from New  Bullards  Bar Reservoir  intermix with  flows 

from  the  Middle  Fork  and  South  Fork  Yuba  rivers,  interact  with  ambient  air 

temperatures,  and  are  impacted  by  residence  time  to  create  the water  temperature 

profile of Englebright Reservoir. Because Englebright Reservoir has a  relatively  small 

water storage capacity, the coldwater pool volume in Englebright Reservoir is minimal 

and, prior  to  the construction of New Bullards Bar Dam and  the release of cold water 

from New Bullards Bar Reservoir,  a  limited  amount  of  cold water was  available  for 

release  from  Englebright  Dam  into  the  lower  Yuba  River  (YCWA  et  al.  2007).  The 

existing facilities, and their interaction, are described in the following sections. 

New Bullards Bar Dam and Reservoir 

New Bullards Bar Reservoir, located on the North Fork Yuba River, has a total storage 

capacity of 966 TAF with a minimum pool of 234 TAF (as required by YCWA’s FERC 

license),  thus  leaving  732  TAF  of  capacity  that  can  be  regulated.   A  portion  of  this 
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regulated  capacity,  170 TAF, normally must be held  empty  from  September  through 

April for flood control (YCWA et al. 2007).  

New Bullards Bar Reservoir is a deep, steep‐sloped reservoir that persistently contains a 

large  volume  of  coldwater  pool  storage.  The  primary  release  of  water  from  New 

Bullards Bar Reservoir is via a tunnel to Colgate powerhouse, located on the North Fork 

Yuba River  just above  the upper extent of Englebright Reservoir. The  intake structure 

for the tunnel and powerhouse includes a multi‐level inlet system in New Bullards Bar 

Reservoir. 

Throughout  the  period  of  operations  of New  Bullards  Bar  Reservoir  (1970  through 

present), which encompasses the most extreme critically dry year on record (1977), the 

coldwater pool in New Bullards Bar Reservoir has not been depleted (DWR and PG&E 

2009).  In 1993, YCWA convened a water temperature advisory committee comprised of 

representatives from CDFG and USFWS. Pursuant to input provided by this committee, 

the  low‐level outlet has been used  for  all  controlled  releases  from New Bullards Bar 

Dam  since  September  1993.  The  coldwater  pool  availability  in  New  Bullards  Bar 

Reservoir has been sufficient to accommodate year‐round utilization of the lower river 

outlet  to  provide  cold water  into  Englebright  Reservoir,  and  subsequently  into  the 

lower Yuba River. 

Englebright Dam and Reservoir 

Englebright Dam and Reservoir are  located downstream of New Bullards Bar Dam at 

the confluence of  the Middle Fork and South Fork Yuba rivers. Englebright Dam was 

constructed  by  the United  States Army Corps  of Engineers  (USACE)  in  1941  to  trap 

sediment  originating  in  upstream  areas  (YCWA  2003).  The  storage  capacity  of 

Englebright Reservoir was 69,700 acre‐feet (AF) at the time of construction, as estimated 

by  the U.S. Geological Survey  (USGS) using a pre‐dam elevation model  (Childs  et  al. 

2003).  Bathymetric  and  geophysical  survey  results  of  the  quantity  and  nature  of 

sediment behind Englebright Dam indicate that at the time of the surveys, Englebright 

Reservoir contained 17,750 AF of sediment which has reduced the storage capacity by 

25.5% (Childs et al. 2003). Because of recreation and power generation needs, the storage 

level within Englebright Reservoir is seldom below 50 TAF (YCWA et al. 2007). 

Because Englebright Dam was constructed as a sediment retention  facility,  it does not 

contain  a  low‐level  outlet.  Following  construction  of  Englebright  Dam  in  1941  and 

extending  until  approximately  1970,  controlled  flow  releases  from  Englebright Dam 

were made  through  the  PG&E Narrows  1  Project  facilities.  Since  about  1970  to  the 

present, controlled flow releases from Englebright Dam into the lower Yuba River have 
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been made  from  the PG&E Narrows  1  and  the YCWA Narrows  2 powerplants,  and 

unregulated flood flows spill over Englebright Dam. 

Narrows 1 and Narrows 2 Facilities 

Both  the Narrows  1  and Narrows  2  facilities have  intake  structures  that draw water 

from  Englebright  Reservoir.  The  intake  for  the  Narrows  2  Powerplant  is  a  tower 

structure  located  on  the west  side  of  Englebright  Reservoir  adjacent  to  Englebright 

Dam. The  intake  tower draws water  from  the  surface of Englebright Reservoir down 

approximately  80  to  85  feet  below  the  normal maximum water  surface  elevation  of 

Englebright Reservoir,  and  approximately  100  feet  above  the bottom  of  the  reservoir 

(YCWA 2003). 

From 1941 through about 1970, flows greater than PG&E Narrows 1 facility’s maximum 

flow capacity of about 740 cfs overflowed Englebright Dam. Since about 1970, operation 

of the Narrows 2 facility by YCWA has greatly increased the capability for controlling 

flows released from Englebright Reservoir. YCWA and PG&E coordinate the operations 

of Narrows 1 and 2 for hydropower efficiency and to maintain relatively constant flows 

in  the  lower  Yuba  River.  The Narrows  1  Powerplant  typically  is  used  for  low‐flow 

reservoir  releases,  or  to  supplement  the Narrows  2 Powerplant  capacity during high 

flow  reservoir  releases.  The  Narrows  1  Powerplant  is  usually  operated  when  total 

releases  from  Englebright Dam  are  about  730  cfs  or  less. When  releases  range  from 

about 730 to 2,560 cfs, the Narrows 2 Powerplant normally is operated. When releases 

exceed  about  2,560  cfs,  both  powerplants  normally  operate.  The  combined  release 

capacity of Narrows 1 and Narrows 2 is about 4,200 cfs (YCWA 2003).  

The Narrows 2 Powerplant and outfall is located approximately 400 feet downstream of 

Englebright  Dam  on  the  north  bank  of  the  lower  Yuba  River.  The  Narrows  1 

Powerplant and outfall is located approximately 1,500 feet downstream of the Narrows 

2 facility on the south bank of the river.  

1.2.2 Lower Yuba River Water Temperature Considerations 

Operational releases from Englebright Dam at RM 24 provide the base flow and water 

temperature  boundary  conditions  in  the  upper  reaches  of  the  lower  Yuba  River.  

Further  downstream  (RM  22.7  and  below),  lower  Yuba  River  flows  and  water 

temperatures during certain periods of the year are affected by inflows from Deer Creek 

(RM 22.7) and Dry Creek (RM 13.6), and by irrigation diversions at Daguerre Point Dam 

(DPD)  (RM  11.6).  Additionally,  substantial  heat  transfer  into  the  lower  Yuba  River 

occurs as a result of surface water‐air  interaction and solar radiant heating.   The river 
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channel is generally wide and flat (except in the Narrows Reach) with little or no bank 

shading from riparian vegetation which promotes significant heat transfer at the water‐

air  interface  (YCWA et al. 2007). These high surface width‐to‐flow ratios also  facilitate 

solar radiant heating. A longitudinal temperature gradient may be observed within the 

lower Yuba River; as illustrated in Figures 2 & 3, water temperatures in the lower Yuba 

River may increase up to 7°F or more between Englebright Dam and Marysville (YCWA 

et al. 2007).   

Figure 2.  Average monthly water temperature profile in New Bullards Bar and Englebright 

Reservoirs, and lower Yuba River longitudinal water temperature gradient for the months of May and 

August during the period extending from 1999 to 2004 (YCWA et al. 2007).   
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Figure 3.  Average monthly water temperature differences in the lower Yuba River between 1990 and 

2005 (YCWA et al. 2007). 

Water temperature modeling conducted as part of the Yuba Accord EIR/EIS (YCWA et 

al. 2007)  indicated  that  temperatures  in  the  lower Yuba River during summer and  fall 

months would generally be colder by 1°F  to 5°F  (depending on hydrologic conditions 

and  release  schedule)  under  Yuba  Accord  operations  compared  to  No  Project 

conditions. The Yuba Accord EIR/EIS also  indicated  that  the  long‐term average water 

temperatures in most water year types, including Dry and Critical water years, would 

be  lower  than  the  CDFG  (1991)  suggested  temperatures  that  initially  prompted  the 

consideration of a new intake structure for Narrows 2. 

In  2000,  the  SWRCB  held  an  administrative  hearing  regarding  YCWA’s water  right 

permits  for  the  Yuba  River  Development  Project.  In  July  2003,  the  SWRCB  issued 

Revised  Decision  1644  (RD‐1644)  which  included  the  requirement  that  YCWA 

“diligently pursue” funding for a Narrows 2 intake extension that would provide access 

to  colder, deeper water  in Englebright Reservoir. YCWA  has pursued  grant  funding 

from CALFED  and other  sources  for design  and  installation of  an  intake device, but 

funding has not been obtained.  
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In this Technical Memorandum, the RMT not only addresses whether  implementation 

of  the Yuba Accord provides a suitable  thermal regime  for  target species  in  the  lower 

Yuba River, but also whether water  temperature‐related operational or  infrastructure 

modifications are warranted. 

2 METHODS 

2.1 Target Species 

Fish  surveys  indicate  that  at  least  22  native  and  introduced  fish  species,  including 

resident  and  anadromous  fish, utilize  the  lower Yuba River  (CDFG  1991; Kozlowski 

2004; Massa and McKibbin 2005; YCWA et al. 2007).  Of these 22 fish species, 3 are listed 

as “threatened” under the federal Endangered Species Act (ESA) and/or the California 

Endangered Species Act (CESA):  the Central Valley Distinct Population Segment (DPS) 

of  steelhead1,  the Central Valley  Evolutionarily  Significant Unit  (ESU)  of  spring‐run 
Chinook  salmon  (Oncorhynchus  tshawytscha)2,  and  the  Southern  DPS  of  the  North 

American green sturgeon (Acipenser medirostrus)3.  

The  lower Yuba River  is utilized by  two principal Chinook  salmon  runs  (i.e.,  fall‐run 

and spring‐run Chinook salmon). Although  late  fall‐run Chinook salmon populations 

occur primarily in the Sacramento River (CDFG Website 2007), incidental observations 

of late fall‐run Chinook salmon have been reported to occur in the lower Yuba River (D. 

Massa,  CDFG,  pers.  comm.  2009; M.  Tucker, NMFS,  pers.  comm.  2009). NMFS  has 

designated one ESU that contains both fall‐run and late fall‐run Central Valley Chinook 

salmon.  Fall‐run/late  fall‐run  Central  Valley  Chinook  salmon  are  listed  as  a  federal 

Species of Concern and a state Species of Special Concern. 

The  RMT  placed  special  emphasis  on  steelhead,  spring‐run  and  fall‐run  Chinook 

salmon as target species for evaluation  in this Technical Memorandum. The RMT also 

                                                 
1 The Central Valley DPS of steelhead was  listed as a  federally  threatened species on  January 5, 2006  (71 FR 834). 

Critical  habitat  was  designated  on  September  2,  2005  including  the  lower  Yuba  River  (70  FR  52488)  from  its 

confluence with the lower Feather River upstream to Englebright Dam. 

2 The Central Valley ESU of spring‐run Chinook salmon was listed as a federally threatened species on June 28, 2005 

(70 FR 37160). Critical habitat was designated on September 2, 2005 (70 FR 52488) including the Yuba River from its 

confluence with  the  Feather River  upstream  to Englebright Dam.  Spring‐run Chinook  salmon  in  the  Sacramento 

River Drainage, including the Yuba River, was listed as a threatened species under CESA on February 2, 1999. The 

genetic  integrity  of  the  fish  expressing  the  phenotypic  characteristics  of  spring‐run Chinook  salmon  is  presently 

uncertain. 

3 The Southern DPS of the North American green sturgeon was  listed as a federally threatened species on April 7, 

2006 (71 FR 17757). Critical habitat was designated on October 9, 2009 (74 FR 52300), including the lower Yuba River 

from its confluence with the lower Feather River upstream to Daguerre Point Dam.  
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included  North  American  green  sturgeon  as  a  target  species.  These  species  were 

identified as target fish species because of their listing status under the federal and state 

ESA’s, and to be consistent with state and federal restoration/recovery plans and NMFS 

Biological Opinions (BOs).   

2.1.1 Spatial and Temporal Distributions 

The RMT has developed representative temporal distributions for specific lifestages of 

target  species  through  review of previously  conducted  studies, as well as  recent and 

currently  ongoing  data  collection  activities  of  the Yuba Accord M&E  Program.    The 

resultant  lifestage  periodicities  encompass  the  majority  of  activity  for  a  particular 

lifestage, and are not intended to be inclusive of every individual in the population. The 

lifestage‐specific periodicities developed by the RMT for steelhead, spring‐run Chinook 

salmon, and fall‐run Chinook salmon are presented in Figure 4, the bases for which are 

presented in the following sections.   

Lifestage  Jan  Feb  Mar Apr May Jun Jul Aug Sep  Oct  Nov Dec

Steelhead

Adult Immig. & Holding                                                 

Spawning                                                 

Embryo Incubation                                                 

Juv. Rearing & Outmig.                                                 

Yearling+ Smolt Emig.                                                 

Spring‐Run Chinook Salmon

Adult Immig. & Holding                                                 

Spawning                                                 

Embryo Incubation                                                 

Juv. Rearing & Outmig.                                                 

Yearling+ Smolt Emig.                                                 

Fall‐Run Chinook Salmon

Adult Immig. & Staging                                                 

Spawning                                                 

Embryo Incubation                                                 

Juv. Rearing & Outmig.                                                 

Figure 4.  Lifestage‐Specific Periodicities for Steelhead, Spring‐run Chinook salmon and Fall‐run 

Chinook salmon in the lower Yuba River. 

Steelhead 

Adult Immigration and Holding 

The immigration of adult steelhead in the lower Yuba River has been reported to occur 

from August  through March, with peak  immigration occurring  from October  through 

February  (CDFG  1991;  CALFED  and  YCWA  2005;  McEwan  and  Jackson  1996).  In 
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addition, CDFG (1991) report that a run of “half‐pounder” steelhead reported occurred 

from late‐June through the winter months.   

The  RMT’s  examination  of  preliminary  data  identified  variable  annual  timing  of O. 

mykiss  ascending  the  fish  ladders  at DPD  since  the Vaki  Riverwatcher  infrared  and 

videographic  sampling  system  began  operations  in  2003.  For  example, Massa  et  al. 

(2010) state  that peak passage of steelhead at DPD occurred  from April  through  June 

during  2007.  They  also  suggest  that  the  apparent  disparity  between  the  preliminary 

data and other reports of steelhead adult immigration periodicity may be explained by 

the  previously  reported  (Zimmerman  et  al.  2009;  Mitchell  2010)  relatively  high 

proportion of resident  (vs. anadromous) O. mykiss occurring  in  the  lower Yuba River, 

because  the  Vaki  Riverwatcher  system  did  document  larger  (>  40.6  cm)  O.  mykiss 

ascending  the  fish  ladders  at  DPD  during  the  winter  months  (December  through 

February). The observed  timing of  larger O. mykiss ascending  the  fish  ladders at DPD 

more  closely  corresponds  with  previously  reported  adult  steelhead  immigration 

periodicities.  

Spawning 

Steelhead spawning has been reported to generally extend from January through April 

in the lower Yuba River (CALFED and YCWA 2005; CDFG 1991; YCWA et al. 2007). The 

RMT  conducted  a pilot  redd  survey  from  September  2008  through April  2009  (Yuba 

Accord RMT 2010). Surveys were not conducted during March, which is a known time 

for steelhead spawning in other Central Valley rivers, due to high flows and turbidity. 

An  extensive  area  redd  survey  was  conducted  by  surveyors  kayaking  from  the 

downstream end of the Narrows pool to the Simpson Lane Bridge. During the extensive 

area redd survey, redds that were categorized as steelhead based on redd size criteria 

were observed from October through April, with peaks in spawning activity occurring 

during  fall  (October) and spring  (February and April). However, some of  those redds 

categorized  as  steelhead,  particularly  during October, may  actually  have  been  small 

Chinook  salmon  redds because  the  size  criteria used  to  identify  steelhead  redds was 

found to be 53% accurate for identifying steelhead redds in the Feather River (USFWS 

2008).  

Steelhead  spawning  has  been  reported  to  primarily  occur  in  the  lower  Yuba  River 

upstream of DPD (SWRI et al. 2000; Kozlowski 2004; YCWA et al. 2007). USFWS (2007) 

data were collected on O. mykiss redds in the lower Yuba River during 2002, 2003, and 

2004, with approximately 98% of the redds located upstream of DPD. During the pilot 

redd survey conducted  from  the  fall of 2008  through spring of 2009,  the Yuba Accord 

RMT  (2010) report  that most  (65%) of  the steelhead redds were observed upstream of 

DPD. 
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Embryo Incubation 

Steelhead  eggs  incubate  in  redds  for  3  to  14 weeks prior  to  hatching, depending  on 

water temperatures (Shapovalov and Taft 1954; Barnhart 1991). After hatching, alevins 

remain in the gravel for an additional 2 to 5 weeks while absorbing their yolk sacs prior 

to emergence (Barnhart 1991). The entire egg incubation life stage encompasses the time 

adult  steelhead  select  a  spawning  site  through  the  time when  emergent  fry  exit  the 

gravel  (CALFED  and  YCWA  2005).    In  the  lower  Yuba  River,  steelhead  embryo 

incubation  generally  occurs  from  January  through May  (CALFED  and  YCWA  2005; 

SWRI 2002).  

Juvenile Rearing and Outmigration 

Juvenile  steelhead  exhibit variable durations of  rearing  in  the  lower Yuba River. The 

RMT  distinguished  fry,  juvenile,  and  yearling+  lifestages  through  evaluation  of  bi‐

weekly length‐frequency distributions of O. mykiss captured in rotary screw traps in the 

lower Yuba River,  and  other  studies  that  report  length‐frequency  estimates  (Mitchell 

2010;  CDFG  1984).  The  steelhead  fry  (individuals  less  than  about  45mm  in  length) 

lifestage periodicity was estimated to extend from the time of initial emergence (based 

upon  consideration  of  accumulated  thermal  units  from  the  time  of  egg  deposition 

through hatching and alevin  incubation) until  three months  following  the  end of  the 

spawning period. Some juvenile O. mykiss may rear in the lower Yuba River for a short 

periods (up to a few months) and others may spend from one to three years rearing in 

the river.  

The RMT’s review of available data found that some juvenile O. mykiss are captured in 

Rotary  Screw  Traps  (RSTs)  located  downstream  of  DPD  during  late‐spring  and 

summer,  indicating  movement  downstream.  However,  at  least  some  of  this 

downstream movement may be associated with the pattern of flows in the river (YCWA 

et al. 2007). Some age‐0 O. mykiss disperse downstream soon after emergence and  this 

dispersion continues throughout the year. 

Most  juvenile  steelhead  rearing has been  reported  to  occur  above DPD  (CDFG  1991; 

SWRI  et  al.  2000). Kozlowski  (2004)  observed  age‐0 O. mykiss  throughout  the  entire 

study  area, with  highest  densities  in  upstream  habitats  and  declining  densities with 

increasing distance downstream from the Narrows.  Approximately 82% of juvenile O. 

mykiss  were  observed  upstream  of  DPD.  Kozlowski  (2004)  suggested  that  the 

distribution of age‐0 O. mykiss appeared  to be  related  to  the distribution of spawning 

adults.    
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Yearling+ Smolt Emigration 

CDFG  (1991)  report  that  juvenile steelhead may spend  from one  to  three years  in  the 

lower  Yuba  River  before  emigrating  primarily  from  March  to  June.  Scale  analysis 

conducted by Mitchell (2010) indicates the presence of at least four age categories for O. 

mykiss in the lower Yuba River that spent 1, 2, or 3 years in freshwater and 1 year at sea 

before returning to the lower Yuba River to spawn.  

The  steelhead  smolt emigration period  in  the  lower Yuba River has been  reported  to 

extend from October through May (CALFED and YCWA 2005; SWRI 2002; YCWA et al. 

2007). The RMT’s  review of  all  available data  indicate  that yearling+  steelhead  smolt 

emigration may extend from October through mid‐April.  

Spring-run Chinook salmon 

Adult Immigration and Holding 

The primary  characteristic distinguishing  spring‐run Chinook  salmon  from  the  other 

runs  of  Chinook  salmon  is  that  adult  spring‐run  Chinook  salmon  enter  their  natal 

streams during the spring, and hold in areas downstream of spawning grounds during 

the summer months until their eggs fully develop and become ready for spawning.  

In  the  lower Yuba River, adult  spring‐run Chinook  salmon  immigration and holding 

has previously been  reported  to primarily occur  from March  through October  (Vogel 

and Marine  1991; YCWA  et  al.  2007), with  upstream migration  generally  peaking  in 

May (SWRI 2002). The RMT’s examination of preliminary data obtained since the Vaki 

Riverwatcher  infrared  and  videographic  sampling  system  has  been  operated  (2003  – 

present)  found  variable  temporal modalities  of  Chinook  salmon  ascending  the  fish 

ladders  at  DPD.  However,  a  general  mode  of  Chinook  salmon  ascending  the  fish 

ladders  at DPD has been  identified  as primarily  extending  from April  through  June, 

with few observations during April and peak observations during May or June.  

Spring‐run Chinook salmon  in  the  lower Yuba River have been reported  to hold over 

during the summer in the deep pools and cool water downstream of the Narrows 1 and 

Narrows  2  powerplants,  or  further  downstream  in  the Narrows Reach  (CDFG  1991; 

SWRCB 2003), where water depths can exceed 40 feet (YCWA and USBR 2007).  At the 

Yuba  River  Symposium  held  on  June  29,  2010,  L.  Albers  (PSMFC)  presented 

preliminary  results  obtained  by  the  RMT  (http://www.yubaaccordrmt.com).  Thirty 

adult Chinook salmon collected between May 12 and May 26, 2009, in the lower Yuba 

River downstream from DPD were affixed with acoustic tags and tracked through the 

fall. These fish demonstrated variable patterns of upstream migration and holding, with 

some fish remaining for several weeks below DPD, and others holding and/or moving 
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among  various  locations  above  and  below  the  dam,  prior  to moving  into  upstream 

areas to spawn during early fall.  

Spawning 

In  the  lower Yuba River,  the  spring‐run Chinook  salmon  spawning period  has  been 

reported to extend from September through November (CDFG 1991; YCWA et al. 2007). 

Limited reconnaissance‐level redd surveys conducted by CDFG since 2000 during  late 

August and September have detected spawning activities beginning during the first or 

second week of September.  They have not detected a bimodal distribution of spawning 

activities  (i.e.,  a  distinct  spring‐run  spawning  period  followed  by  a  distinct  fall‐run 

Chinook  salmon  spawning  period)  but  instead  have  detected  a  slow  build‐up  of 

spawning activities starting in early September and transitioning into the main fall‐run 

spawning period.  

The earliest spawning (presumed to be spring‐run Chinook salmon) generally occurs in 

the upper reaches of the highest quality spawning habitat (i.e., below the Narrows pool) 

and  progressively  moves  downstream  throughout  the  fall‐run  Chinook  salmon 

spawning  season  (NMFS  2007).  Spring‐run  Chinook  salmon  spawning  in  the  lower 

Yuba River  is believed  to occur upstream of DPD. USFWS  (2007) collected data  from 

168  Chinook  salmon  redds  in  the  lower  Yuba  River  on  September  16‐17,  2002  and 

September 23‐26, 2002, considered  to be spring‐run Chinook salmon redds. The redds 

were all  located above DPD. During  the pilot  redd survey conducted  from  the  fall of 

2008 through spring of 2009, the Yuba Accord RMT (2010) report that the vast majority 

(96%)  of  fresh Chinook  salmon  redds  constructed by  the  first week  of October  2008, 

potentially representing spring‐run Chinook salmon, were observed upstream of DPD. 

Embryo Incubation 

The  spring‐run  Chinook  salmon  embryo  incubation  period  encompasses  the  time 

period  from  egg  deposition  through  hatching,  as well  as  the  additional  time while 

alevins remain in the gravel while absorbing their yolk sacs prior to emergence. In well‐

oxygenated  intragravel  environs where water  temperatures  range  from  about  41  to 

55.4°F embryos hatch in 40 to 60 days and remain in the gravel as alevins for another 4 

to  6  weeks,  usually  after  the  yolk  sac  is  fully  absorbed  (NMFS  2009).    The  RMT 

concluded  that  the  lower  Yuba  River  spring‐run  Chinook  salmon  spawning  and 

embryo incubation period generally extends from September through February. 

Juvenile Rearing and Outmigration  

Spring‐run  juveniles may move downstream as fry soon after emergence, rear  in their 

natal streams for several months prior to emigration as young‐of‐the‐year, or remain in 

their natal streams for extended periods and emigrate as yearling+  individuals. CDFG 



RIVER MANAGEMENT TEAM   TECHNICAL MEMORANDUM 

Lower Yuba River  14   November 2010 
Water Temperature Objectives 

has  conducted  juvenile  salmonid outmigration monitoring by operating  rotary  screw 

traps (RSTs) in the lower Yuba River near Hallwood Boulevard, located approximately 

6 RM upstream from the city of Marysville.   CDFG’s RST monitoring efforts generally 

extended from fall (October or November) through winter, and either into spring (June) 

or through the summer (September) annually from 1999 to 2006. The Yuba Accord RMT 

conducted  additional  RST  sampling  from  2006  to  2009.  Data  from  CDFG  RST 

monitoring are available  from 1999  to 2005, and a Yuba Accord RMT report  (Campos 

and Massa 2010) has been prepared for the sampling period extending from October 1, 

2007 to September 30, 2008.   

The RMT’s examination of CDFG RST data found that most Chinook salmon  juveniles 

move downstream past  the Hallwood Boulevard  location prior  to May  of  each year.  

For the 5 years of data included in the analyses, 97.5 to 99.2 percent of the total numbers 

of  juvenile Chinook salmon were captured by May 1 of each year.   The percentage of 

the  total  juvenile  Chinook  salmon  catch  moving  downstream  past  the  Hallwood 

Boulevard  location each year ranged  from 0.4  to 1.3 percent during May, and 0  to 1.2 

percent during June (YCWA et al. 2007). During the 2007/2008 sampling period, 95% of 

all juvenile Chinook salmon were captured by June 2, 2008 (Campos and Massa 2010).   

Yearling+ Smolt Emigration 

Overall,  most  (about  84%)  of  the  juvenile  Chinook  salmon  were  captured  at  the 

Hallwood  Boulevard RSTs  soon  after  emergence  from November  through  February, 

with relatively small numbers continuing  to be captured  through  June.   Although not 

numerous, captures of (over‐summer) holdover juvenile Chinook salmon ranging from 

about 70  to 140 mm FL, primarily occurred  from October  through  January with a  few 

individuals  captured  into March  (Massa 2005; Massa and McKibbin 2006). These  fish 

likely reared in the river over the previous summer, representing an extended juvenile 

rearing  strategy  characteristic  of  spring‐run  Chinook  salmon.  During  the  2007/2008 

sampling  period,  33  Chinook  salmon  that  met  this  criterion  were  observed  at  the 

Hallwood Boulevard RST site from mid‐December through January.  Juvenile Chinook 

salmon captured during the fall and early winter (October‐January) larger than 70 mm 

are likely exhibiting an extended rearing strategy in the lower Yuba River (Campos and 

Massa 2010).  

For  the  sampling periods extending  from 2001  to 2005, CDFG  identified  specific  runs 

based on sub‐samples of lengths of all juvenile Chinook salmon captured in the RSTs by 

using  the  length‐at‐time  tables  developed  by  Fisher  (1992),  as modified  by  S. Green 

(CDWR). Although  the veracity of utilization of  the  length‐at‐time  tables  in  the Yuba 

River  has  not  been  ascertained,  based  on  the  examination  of  run‐specific 

determinations,  the vast majority  (approximately 94%) of  spring‐run Chinook  salmon 
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were  captured  in  the  lower Yuba River  as  post‐emergent  fry  during November  and 

December, with a  relatively small percentage  (nearly 6%) of  individuals  remaining  in 

the  lower Yuba River  and  captured  as  juveniles  from  January  through March.   Only 

0.6%  of  the  juvenile  Chinook  salmon  identified  as  spring‐run was  captured  during 

April, 0.1% during May, and none were captured during June (YCWA et al. 2007). The 

RMT’s review of all available data  indicate  that yearling+ spring‐run Chinook salmon 

smolt emigration may extend from November through mid‐May. 

Fall-run Chinook salmon 

Adult Immigration and Staging  

Unlike  spring‐run Chinook  salmon,  adult  fall‐run Chinook  salmon do not  exhibit  an 

extended over‐summer holding period. Rather, they stage for a relatively short period 

of  time  prior  to  spawning. Adult  fall‐run Chinook  salmon  immigration  and  staging 

have been  reported  to generally occur  in  the  lower Yuba River  from August  through 

November (CALFED and YCWA 2005), and immigration generally peaks in November, 

with  typically  greater  than  90%  of  the  run  having  entered  the  river  by  the  end  of 

November  (CDFG 1992; CDFG 1995). The RMT’s  review of all available data  indicate 

that  fall‐run Chinook  salmon  immigration generally  extends  from  July  through mid‐

December. 

Spawning 

The RMT’s examination of preliminary data obtained from the carcass surveys does not  

indicate a distinct bimodal distribution of spawning activities (i.e., a distinct spring‐run 

spawning period followed by a distinct fall‐run Chinook salmon spawning period) but 

instead demonstrates a slow build‐up of spawning activities starting in early September 

and transitioning into the main fall‐run spawning period. The lower Yuba River fall‐run 

Chinook salmon spawning period has been  reported  to extend  from October  through 

December  (CALFED and YCWA 2005). Preliminary data  from  the  recently conducted 

redd surveys, and back‐calculations from previous and recent carcass surveys generally 

confirm this temporal distribution.   

Embryo Incubation 

Fall‐run Chinook salmon embryo incubation in the lower Yuba River extends from the 

time of egg deposition through alevin emergence from the gravel. The fall‐run Chinook 

salmon embryo  incubation period has been  reported  to extend  from October  through 

March  (YCWA  et  al.  2007).  Based  upon  consideration  of  accumulated  thermal  units 

from  the  time  of  egg  deposition  through  hatching  and  alevin  incubation,  the  RMT 

considered  the  fall‐run  Chinook  salmon  embryo  incubation  period  to  extend  from 
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October through March. This time period is consistent with observed trends in Chinook 

salmon fry captures in the RSTs.   

Juvenile Rearing and Outmigration 

Fall‐run Chinook salmon juvenile rearing and outmigration in the lower Yuba River has 

been  reported  to primarily occur  from December  through  June  (CALFED and YCWA 

2005;  SWRI  2002).  In  the  lower  Yuba  River,  most  fall‐run  Chinook  salmon  exhibit 

downstream movement  as  fry  shortly  after  emergence  from  gravels,  although  some 

individuals rear in the river for a period up to several months and move downstream as 

juveniles. 

CDFG  employed  the  run  identification  methodology  to  identify  fall‐run  Chinook 

salmon juveniles captured in the RSTs (described above).  Based on the examination of 

run‐specific determinations,  in  the  lower Yuba River  the majority  (81.1%)  of  fall‐run 

Chinook  salmon  move  past  the  Hallwood  Boulevard  RST  from  December  through 

March, with decreasing numbers captured during April (8.9%), May (6.6%), June (3.2%), 

and  July  (0.2%).   Most of  the  fish captured  from December  through March were post‐

emergent fry (< 50 mm FL), while nearly all juvenile fall‐run Chinook salmon captured 

from May  through  July were  larger  (≥  50 mm FL)  (YCWA  et  al.  2007). Thus,  the  fry 

rearing lifestage is considered to extend from December through April, and the juvenile 

rearing  lifestage  from March  through  June.  The  RMT’s  review  of  all  available  data 

indicates  that  the  fall‐run Chinook salmon  juvenile rearing and outmigration  lifestage 

extends from December through July. 

North American green sturgeon 

Unconfirmed  accounts  of  sturgeon  in  the  lower  Yuba  River  have  been  reported  by 

anglers,  but  these  accounts  do  not  specify  whether  the  fish  were  white  or  green 

sturgeon  (Beamesderfer  et  al.  2004).  Since  the  1970s,  numerous  surveys  of  the  Yuba 

River downstream of Englebright Dam have been conducted including annual salmon 

carcass  surveys,  snorkel  surveys, beach  seining, electrofishing,  rotary  screw  trapping, 

redd surveys, and other monitoring and evaluation activities. Over  the many years of 

these surveys and monitoring of the lower Yuba River, only one confirmed observation 

of an adult North American green sturgeon has occurred.   The NMFS September 2008 

Draft  Biological Report,  Proposed Designation  of Critical Habitat  for  the  Southern Distinct 

Population  Segment  of North American Green  Sturgeon  (NMFS  2008a)  states  that  of  the 

three adult or sub‐adult sturgeon observed in the Yuba River below DPD during 2006, 

only one was confirmed to be a North American green sturgeon, and that “Spawning is 

possible in the river, but has not been confirmed and is less likely to occur in the Yuba River than 
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in  the Feather River. No  green  sturgeon  juveniles,  larvae,  or  eggs  have  been  observed  in  the 

lower Yuba River to date.”  

Because of the paucity of data regarding North American green sturgeon on the lower 

Yuba River,  information from other river systems, specifically the  lower Feather River 

and  the  Sacramento  River,  is  used  to  characterize  North  American  green  sturgeon 

lifestage  periodicities.  However,  only  limited  information  regarding  green  sturgeon 

distribution, movement,  behavioral  patterns  and  lifestage‐specific  habitat  utilization 

preferences  is available for the Sacramento and Feather rivers.   North American green 

sturgeon in the Sacramento River have been documented and studied more widely than 

the Feather River.   

In  the  lower Feather River, adult North American green  sturgeon have  intermittently 

been observed (Beamesderfer et al. 2007), although spawning has not been documented 

(NMFS  2008b).  Larval  and  juvenile  North  American  green  sturgeon  have  not  been 

collected  in  the  lower Feather River despite attempts  to collect  these  lifestages during 

early spring  through summer using rotary screw  traps, artificial substrates, and  larval 

nets deployed at multiple locations (Seesholtz 2003).   

North American green sturgeon adults  in  the Sacramento River are  reported  to begin 

their  upstream  spawning migrations  into  freshwater  during  late  February,  prior  to 

spawning  between March  and  July, with  peak  spawning  believed  to  occur  between 

April and June (Adams et al. 2002).  

Heublein et al. (2009) observed that North American green sturgeon enter San Francisco 

Bay  in March  and April  and migrate  rapidly up  the  Sacramento River  to  the  region 

between  the Glenn‐Colusa  Irrigation District  (GCID) diversion  and Cow Creek.   The 

fish lingered at these regions at the apex of their migration for 14–51 days, presumably 

engaging  in spawning behavior, before moving back downriver  (Heublein et al. 2009). 

The apex detections of individual fish indicate reaches and dates when spawning might 

have occurred during the study conducted by Heublein et al. (2009).  They reported that 

spawning may have occurred between May and July.   

Adult North American green  sturgeon are believed  to  spawn  every 3  to 5 years and 

reach sexual maturity only after several years of growth  (i.e., 10  to 15 years based on 

sympatric white sturgeon sexual maturity) (CDFG 2002b).   Brown (2007) suggested that 

spawning in the Sacramento River may occur from April to June, and that the potential 

spawning period may extend  from  late April  through  July as  indicated by  the  rotary 

screw trap data at the Red Bluff Diversion Dam (RBDD) from 1994 to 2000.  
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After spawning, adult North American green sturgeon have been reported to hold over 

in the upper Sacramento River between RBDD and the GCID diversion until November 

(Klimley  2007).   Heublein  et  al.  (2006,  2009)  reported  the  presence  of  adults  in  the 

Sacramento  River  during  the  spring  through  the  fall  into  the  early winter months, 

holding  in upstream  locations prior  to  their  emigration  from  the  system  later  in  the 

year.   Some adult North American green sturgeon rapidly  leave  the system  following 

their suspected spawning activity and re‐enter the ocean in early summer (Heublein et 

al. 2006).  NMFS (2009d) states that North American green sturgeon larvae and juveniles 

are  routinely  observed  in  rotary  screw  traps  at  RBDD  and  GCID,  indicating  that 

spawning occurs upstream of both these sites. 

The  Sacramento  River  adjacent  to  the GCID  pumping  plant  routinely  holds  a  large 

aggregation  of  North  American  green  sturgeon  during  summer  and  fall  months, 

although  the  GCID  aggregation  site  is  atypical  of  oversummering  habitats  in  other 

systems, being an area of high water velocity (Heublein et al. 2009).   

Heublein et al.  (2009) stated  that  in contrast  to  the behavior of North American green 

sturgeon  observed  during  2004–2005,  the majority  of  out‐migrants  detected  in  2006 

displayed an entirely different movement strategy.  Nine of the ten tagged fish detected 

that year exited  the system with no extended hold‐over period and with no apparent 

relation  to  flow  increases,  eight  leaving  before  4  July  and  the  last  on  22  August. 

Heublein et al. (2009) suggested that the rapid out‐migration of North American green 

sturgeon in 2006, and the reduced aggregation period at the GCID site could be a result 

of consistently higher flows and lower temperatures than during previous study years.  

Alternatively, this could be an unusual behavior, related to unknown cues, that has not 

been documented in North American green sturgeon prior to this study (Heublein et al. 

2009). 

Newly hatched North American green sturgeon are approximately 12.5  to 14.5 mm  in 

length.  After approximately 10 days, larvae begin feeding and growing rapidly.  After 6 

days,  the  larvae  exhibit  nocturnal  swim‐up  activity  (Deng  et  al.  2002)  and  nocturnal 

downstream migrational movements (Kynard et al. 2005).   

Juvenile North American green sturgeon continue to exhibit nocturnal behavior beyond 

the  metamorphosis  from  larvae  to  juvenile  stages.  Exogenous  feeding  starts  at 

approximately 14 days (23 to 25 mm) (Van Eenennaam et al. 2001). Laboratory studies 

indicate  that  juvenile  fish  continued  to migrate  downstream  at  night  for  the  first  6 

months of  life  (Kynard et al. 2005).   When ambient water  temperatures reached 46° F, 

downstream migrational behavior diminished and holding behavior  increased.   These 

data suggest that 9 to 10 month old fish would hold over in their natal rivers during the 

ensuing winter  following  hatching,  but  at  a  location  downstream  of  their  spawning 
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grounds. Within  the  Klamath  River,  juvenile  green  sturgeon  emigration  reportedly 

occurs from late May through July (Environmental Protection Information Center et al. 

2001).   Within  the Trinity River,  juvenile green sturgeon emigration reportedly occurs 

from early June through September (Environmental Protection Information Center et al. 

2001).   

Although  there are no data  regarding  lifestage periodicities of North American green 

sturgeon in the lower Yuba River because there has been only one confirmed sighting, 

for  the purposes of  this Technical Memorandum  the RMT  characterized  the potential 

periodicities  (and  primary  evaluation  locations)  as  those  presented  below  in  Section 

2.1.2.  

2.1.2 Species Specific Lifestage Periodicities and Primary Evaluation 
Locations 

Through  review  of  previously  conducted  studies,  as  well  as  recent  and  currently 

ongoing  data  collection  activities  of  the  Yuba  Accord M&E  Program,  the  RMT  has 

developed  the  following  representative  lifestage‐specific  periodicities  and  primary 

locations  for  water  temperature  suitability  evaluations  for  the  target  species.    The 

locations used for water temperature evaluations correspond to Smartsville, DPD, and 

Marysville.  

Steelhead  

 Adult  immigration  and  holding  (August  through March)  –  Smartsville, DPD, 

and Marysville 

 Spawning (January through April) – Smartsville and DPD 

 Embryo incubation (January through May) – Smartsville and DPD 

 Juvenile rearing and outmigration (Year‐round) – DPD and Marysville 

 Yearling+ smolt emigration (October through mid‐April) – DPD and Marysville 

Spring-run Chinook Salmon 

 Adult immigration and holding (April through August) – Smartsville, DPD, and 

Marysville 

 Spawning (September through mid‐November) – Smartsville 

 Embryo incubation (September through February) – Smartsville 

 Juvenile rearing and outmigration (Year‐round) – DPD and Marysville 
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 Yearling+  smolt  emigration  (November  through  mid‐May)  –  DPD  and 

Marysville 

Fall-run Chinook Salmon 

 Adult  immigration  and  staging  (July  through  mid‐December)  –  DPD  and 

Marysville 

 Spawning (October through December) – Smartsville and DPD 

 Embryo incubation (October through March) – Smartsville and DPD 

 Juvenile  rearing  and  outmigration  (December  through  July)  –  DPD  and 

Marysville 

North American green sturgeon 

 Adult immigration (late February through April) – DPD and Marysville 

 Adult  spawning  and  embryo  incubation  (March  through  July)  –  DPD  and 

Marysville 

 Post‐spawning holding (March through November) – DPD and Marysville 

 Juvenile rearing (Year‐round) – DPD and Marysville 

 Juvenile outmigration (late‐May through September) – DPD and Marysville 

2.2 Water Temperature Evaluations 

The RMT water temperature suitability evaluation is conducted in two general phases.  

The  initial and most comprehensive phase of  the evaluation  focuses on steelhead and 

Chinook  salmon.  The  thermal  requirements  of  steelhead  and  Chinook  salmon  have 

been  extensively  studied  in California and  elsewhere and,  therefore, allow a detailed 

and specific determination of desired water temperature index values for each lifestage. 

For  Chinook  salmon  and  steelhead,  water  temperature  index  values  have  been 

developed  in  greater detail  than  for North American  green  sturgeon,  because  of  the 

greater availability of existing  information  regarding  the effects of water  temperature 

on salmonid lifestages.   

The  second  general phase  of  the RMT water  temperature  suitability  evaluation  is  to 

examine  the  thermal  regime  associated  with  implementation  of  the  Yuba  Accord 

relative to the more general water temperature  information for North American green 

sturgeon.  
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2.2.1 Water Temperature Index Value Development 

Anadromous Salmonids 

Lifestage‐specific water  temperature  index  values  used  as  evaluation  guidelines  for 

steelhead  and Chinook  salmon  are developed based  on  the  information described  in 

Attachment A  to  this  Technical Memorandum. Attachment A  draws  largely  on  the 

information presented  in Appendix E2 of  the Yuba Accord EIR/EIS, and presents  the 

results of a  literature  review  that was conducted  to:  (1)  interpret  the  literature on  the 

effects of water temperature on the various life stages of Chinook salmon and steelhead; 

(2) consider the effects of short‐term and long‐term exposure to constant or fluctuating 

temperatures; and (3) establish water temperature index values to be used as guidelines 

for  evaluation  in  this  Technical  Memorandum.  Attachment  A  presents  detailed 

information regarding the rationale supporting the development and selection of water 

temperature index values, including literature citations. 

The RMT  acknowledges  and  adopts  the  limitations  associated with  the development 

and application of water temperature index values well summarized by McEwan (2001) 

addressing  steelhead. Namely,  the water  temperature  index  values  serve  as  general 

guidelines, and the data supporting them were originally developed by researchers on 

specific streams or under laboratory conditions that oftentimes focused on temperature 

maxima  that  cause  lethal  and  sublethal  effects.  Also,  research  under  controlled 

laboratory  conditions does  not  take  into  account  ecological  considerations  associated 

with  water  temperature  regimes,  such  as  predation  risk,  inter‐  and  intra‐specific 

competition, long‐term survival and local adaptation.  

The water  temperature  index values  are not meant  to be  significance  thresholds, but 

instead  provide  a  mechanism  by  which  to  compare  the  suitability  of  the  water 

temperature  regimes  associated with  implementation  of  the Yuba Accord. The water 

temperature index values presented in Attachment A represent a gradation of potential 

effects,  from  reported  optimal  water  temperatures  increasing  through  the  range  of 

represented index values for each life stage.  

Steelhead 

Water temperature index values for the adult immigration and adult holding lifestages 

are  developed  together,  because  it  is  difficult  to  determine  the  thermal  regime  that 

steelhead  have  been  exposed  to  in  the  river  prior  to  spawning,  and  in  order  to  be 

sufficiently protective of pre‐spawning fish, water temperatures that provide high adult 

survival and high egg viability must be available  throughout  the entire pre‐spawning 

freshwater period.  
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A review of the literature summaries in Attachment A suggested a wide range of water 

temperature index values (52°F, 56°F, 70°F) for the steelhead immigration and holding 

lifestage.  The RMT  selected  the water  temperature  index  value  of  56°F  because  this 

value  represents  a water  temperature  above which  adverse  effects  to  steelhead  adult 

immigration  and  adult  holding  lifestages,  and  egg  viability  begin  to  arise. The RMT 

conducted an independent literature review to identify an intermediate value between 

56°F and 70°F, which may  impede upstream migration. Salinger and Anderson  (2006) 

reported that over 93% of steelhead detections occurred in the 65.3‐71.6°F, but that this 

was “probably above  the  temperature  for optimal migration”.   Similar  findings were 

reflected  in a  study  conducted by Richter and Kolmes  (2005)  suggesting  that  fall‐run 

Chinook  and  steelhead  encounter  potentially  stressful  temperatures  between  64.4‐

73.4°F. The RMT  therefore  identified  the  two water  temperature  index values of 56°F 

and 64°F for the evaluation of the steelhead immigration and holding lifestage. 

Because the spawning and embryo incubation lifestage periodicities overlap and occur 

concurrently,  water  temperature  index  values  are  developed  to  evaluate  both  the 

spawning and embryo incubation lifestages. The water temperature index value of 54°F 

was  selected  by  the  RMT  because  studies  conducted  at  or  near  54.0°F  report  high 

survival and normal development, and that symptoms of thermal stress arise at or near 

54.0°F. The RMT selected the water temperature index value of 57.0°F because relatively 

low  mortality  of  incubating  steelhead  is  reported  to  occur  at  57.2°F,  and  a  sharp 

decrease in survival was observed for O. mykiss embryos incubated above 57.2°F. 

 

A water  temperature  index value was developed by  the RMT  to apply  to  the  rearing 

(fry and  juvenile) and  juvenile outmigration  lifestages. As previously described, some 

steelhead may  rear  in  freshwater  for up  to  three years before emigrating as yearling+ 

smolts, whereas other  individuals move downstream shortly after emergence as post‐

emergent fry, or rear in the river for several months and move downstream as juveniles 

without  exhibiting  the  ontogenetic  characteristics  of  smolts.  Presumably,  these 

individuals continue to rear and grow in downstream areas (e.g., lower Feather River, 

Sacramento River,  and Upper Delta)  and undergo  the  smoltification process prior  to 

entry into saline environments. Thus, fry and  juvenile rearing occur concurrently with 

post‐emergent  fry  and  juvenile  downstream  movement  and  are  assessed  in  this 

Technical Memorandum using  the  fry  and  juvenile  rearing water  temperature  index 

values.   

The water temperature index value of 65°F was selected by the RMT because: (1) it has 

been reported that this value is the upper limit preferred for growth and development 

of  Sacramento  and American  River  juvenile  steelhead;  (2)  it  is within  the  preferred 

water  temperature  range  (i.e.,  62.6°F  to  68.0°F);  (3)  supports  high  growth  rates  of 
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Nimbus strain  juvenile steelhead; and (4) increasing levels of thermal stress to this life 

stage may reportedly occur above the 65°F water temperature index value. 

Separate water temperature index values were developed by the RMT for the yearling+ 

smolt emigration  lifestages  for  the purposes of  this Technical Memorandum.  Juvenile 

steelhead that exhibit extended rearing in the lower Yuba River are assumed to undergo 

the  smoltification  process  and  volitionally  emigrate  from  the  river  as  yearling+ 

individuals. Water temperature index values of 52°F and 55°F were selected to evaluate 

the  steelhead  yearling+  emigration  lifestage,  because  most  literature  on  water 

temperature  effects  on  steelhead  smolting  suggest  that water  temperatures  less  than 

52°F, or less than 55°F, are required for successful parr‐smolt transformation. 

Chinook Salmon 

Development of water temperature index values separately for spring‐run and fall‐run 

Chinook  salmon  in  this  Technical  Memorandum  was  considered.  For  example, 

McCullough  (1999)  states  that  spring‐run  Chinook  salmon  immigrate  in  spring  and 

spawn  in  3rd  to  5th  order  streams  and,  therefore,  face  different migration  and  adult 

holding  temperature  regimes  than  do  summer‐  or  fall‐run  Chinook  salmon,  which 

spawn  in  streams  of  5th  order  or  greater. However,  for  this Technical Memorandum, 

water temperature index values for most lifestages of spring‐run and fall‐run Chinook 

salmon were not separated because:  (1) both spring‐run and  fall‐run Chinook salmon 

are restricted to spawning in the lower Yuba River below Englebright Dam, and are not 

spatially segregated in different order streams; (2) there is a paucity of literature specific 

to each lifestage for each run‐type; (3) there is an insufficient amount of data available 

in  the  literature  suggesting  that  Chinook  salmon  run‐types  respond  to  water 

temperatures  differently;  (4)  the  water  temperature  index  values  derived  from  the 

literature generally pertain to both spring‐run and fall‐run Chinook salmon; and (5) the 

temporal  distribution  of  the  various  lifestages  of    spring‐run  and  fall‐run  Chinook 

salmon  overlap  and  the  two  runs  are  not  readily  distinguishable  in  the  lower Yuba 

River.   Where  distinct water  temperature  index  values  are warranted  for  the  same 

lifestage of spring‐run and fall‐run Chinook salmon, they are specified in this Technical 

Memorandum.  

For  Chinook  salmon  adult  immigration  and  holding,  the  RMT  selected  the  water 

temperature  index values of 60°F and 64°F.   The 60°F water  temperature  index value 

was selected because  it  is generally reported  in  the  literature as  the upper  limit of  the 

optimal range. The index value of 64°F was selected because the effects of thermal stress 

to  pre‐spawning  adults  are  evident  at  water  temperatures  near  64°F,  and  latent 

embryonic abnormalities associated with water temperature exposure of pre‐spawning 

adults to temperatures of 63.5°F to 66.2°F have been suggested.   
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A water  temperature  index  value was  developed  by  the  RMT  to  evaluate  both  the 

spawning and embryo incubation lifestages for Chinook salmon because these lifestages 

are  closely  linked  temporally,  and  studies  describing  how water  temperature  affects 

embryonic survival and development based on varying water  temperature  treatments 

on  holding  adults  often  report  similar  results  to  water  temperature  experiments 

conducted  on  fertilized  eggs. A water  temperature  index  value  of  56°F was  selected 

because water  temperatures at or below  this value:  (1) promote maximum survival of 

Chinook salmon embryos;  (2) alevin mortality  is reportedly significantly higher when 

Chinook  salmon  embryos  are  incubated  at water  temperatures  above  56°F;  and  (3) 

increasing levels of thermal stress to this lifestage may reportedly occur above 56°F.  

A water  temperature  index  value was  developed  by  the  RMT  to  apply  to  both  the 

rearing  (fry  and  juvenile)  and  juvenile  downstream  movement  lifestages,  for  the 

reasons  previously  described  regarding  steelhead.  Fry  and  juvenile  rearing  occur 

concurrently  with  post‐emergent  fry  and  juvenile  downstream  movement  and  are 

assessed  in  this  Technical  Memorandum  using  the  fry  and  juvenile  rearing  water 

temperature index values.  The water temperature index value of 65°F was selected by 

the  RMT  because,  in  addition  to  being  specifically  referenced  in  the  literature,  it 

represented  an  intermediate  value  between  64.0°F  and  66.2°F,  values which  also  are 

often  referenced  in  the  literature.    Justification  for  the  65°F water  temperature  index 

value includes: (1) preferred for growth and development of fry and juvenile spring‐run 

Chinook salmon  in the Feather River; (2) disease outbreaks and mortalities  increase at 

water temperatures above 65.0°F; (3) optimum temperature for growth appears to occur 

at about 66.2°F; (4) optimal range for Chinook salmon survival and growth from 53.0°F 

to  64.0°F;  and  (5)  survival  of  Central  Valley  juvenile  Chinook  salmon  declines  at 

temperatures greater than 64.4°F.   

Juvenile Chinook  salmon  that  exhibit  extended  rearing  in  the  lower Yuba River  are 

assumed to undergo the smoltification process and volitionally emigrate from the river 

as yearling+ individuals. A water temperature index value of 63°F was selected by the 

RMT to evaluate the spring‐run Chinook yearling+ emigration lifestage, because water 

temperatures  at  or below  this  value  allow  for  successful  transformation  to  the  smolt 

stage, and water  temperatures above  this value may  result  in  impaired  smoltification 

indices,  inhibition  of  smolt  development,  and  decreased  survival  and  successful 

smoltification of juvenile spring‐run Chinook salmon.   

North American green sturgeon 

The habitat requirements of North American green sturgeon are not well known.  In the 

Klamath River,  the water  temperature  tolerance of  immigrating adult green  sturgeon 
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reportedly ranges from 44.4°F to 60.8°F.  Reportedly, no green sturgeon were found in 

areas of the river outside this surface water temperature range (USFWS 1995d) 

Green sturgeon reportedly tolerate spawning water temperatures ranging from 50°F to 

70°F (CDFG 2001).  Water temperatures tolerances for green sturgeon during spawning 

and egg incubation also have been reported to range between 46° to 57°F (NMFS 74 FR 

52300), although eggs have been artificially  incubated at  temperatures as high as 60°F 

(Deng  2000  as  cited  in  74  FR  52300). However,  suitable water  temperatures  for  egg 

incubation  in  green  sturgeon  reportedly  ranges  between  52°F  and  63°F  (optimally 

between  57‐61°F  ) with  lethal  temperatures  approaching  73°F  (Van Eenennaam  et  al. 

2005).   Water  temperatures above 68°F are reportedly  lethal  to North American green 

sturgeon embryos (Cech et al. 2000; Beamesderfer and Webb 2002).  

Water  temperatures not exceeding 62.6°F have been  reported  to permit normal North 

American green  sturgeon  larval development  (Van Eenennaam  et  al.  2005  as  cited  in 

Heublein et al. 2009). Werner et al. (2007) suggests temperatures remain below 68 °F for 

larval development. Temperatures of about 59°F are believed  to be optimal  for  larval 

growth,  whereas  temperatures  below  about  52°F  or  above  about  66°F  may  be 

detrimental for growth (Cech et al. 2000). 

NMFS (74 FR 52300) reports optimal water temperatures for the development of green 

sturgeon egg, larval, and juvenile lifestages ranging between 52F and 66F. Growth of 

juvenile green  sturgeon  is  reportedly optimal at 59°F and  reduced at both 51.8°F and 

66.2°F (Cech et al. 2000). According to NMFS (74 FR 52300) suitable water temperatures 

for  juvenile green sturgeon should be below about 75°F. At temperatures above about 

75°F,  juvenile green sturgeon exhibit decreased swimming performance (Mayfield and 

Cech 2004) and increased cellular stress (Allen et al. 2006). 

The  RMT  water  temperature  evaluation  for  North  American  green  sturgeon  is  to 

evaluate the probability of occurrence that water temperatures in the lower Yuba River 

are within reported suitable ranges for each of the lifestages as follows: 

 Adult immigration/holding/post‐spawning holding (44°F to 61°F) 

 Adult spawning and embryo incubation (46°F to 63°F) 

 Juvenile rearing/outmigration (52°F to 66°F) 
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2.3 Water Temperature Model Application 

2.3.1 Water Temperature Model Simulations 

Species‐  and  lifestage‐specific  target  water  temperature  index  values  were  initially 

evaluated by the RMT using the monthly time‐step statistical water temperature model 

results  used  in  the  Yuba  Accord  EIR/EIS  (YCWA  et  al.  2007).  The  statistical model 

consists of sub‐models that are used to predict water temperatures at various locations 

in  the Yuba River  system. Descriptions of  the model and  its application are  found  in 

Appendix D (including Attachment B) to the Yuba Accord EIR/EIS (YCWA et al. 2007).  

Output from this model is comprised of monthly average water temperatures occurring 

over  a  72‐year  simulation  period  (1922  –  1994).    For  this  Technical Memorandum, 

simulated average monthly water  temperatures were used  for  the  following  locations: 

(1)  the  Smartsville Gage;  (2) DPD;  and  (3)  the Marysville Gage. Although  a monthly 

water temperature model is not able to assess day‐to‐day water temperature variability 

or diurnal water temperature fluctuations, a more discrete time‐step water temperature 

model is not presently available for the lower Yuba River.   

2.3.2 Water Temperature Exceedance Curves 

Water temperature cumulative probability distributions have been developed for each 

month  over  the  72–year  simulation  period.   Monthly water  temperature  cumulative 

probability distributions  represent  the probability, as a percent of  time,  that modeled 

water  temperature  values would  be met  or  exceeded  at  an  indicator  location.  These 

distributions are commonly referred to as exceedance curves.  

For this Technical Memorandum, the RMT utilized the monthly cumulative probability 

distributions to examine the probability that the water temperature index values would 

be exceeded for the  individual months within the  identified  lifestages, at the specified 

locations, for the target species.  

2.3.3 Water Temperature Suitability Matrix 

The RMT recognized that the multiple species and lifestages present in the lower Yuba 

River may require different environmental conditions, and that it would be possible to 

have conflicts among the needs of these species and lifestages for a given month.  Thus, 

the RMT developed three comprehensive water temperature suitability matrices which 

contain  the  following  information:  (1)  target  species;  (2)  species‐specific  lifestages;  (3) 

temporal periodicities specific to the lower Yuba River in consideration of species‐ and 

lifestage‐specific periodicities; (4) species‐ and lifestage‐specific locations (above, below, 
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and at DPD) for evaluation; (5) species‐ and lifestage‐specific water temperature index 

values; and (6) the probability of exceeding established water temperature index values 

under Yuba Accord operations. The water temperature suitability matrices are used by 

the  RMT  to  organize  and  synthesize  evaluation  of  the  water  temperature  regime 

associated with implementation of the Yuba Accord. 

2.3.4 Recent Water Temperature Monitoring 

Recent water temperature monitoring data in the lower Yuba River are available for the 

period  extending  from  2006  to  the  present,  during  which  time  operations  have 

complied with the Yuba Accord.   The RMT separately evaluated trends  in mean daily 

water temperatures for the lower Yuba River (at Smartsville, DPD, and Marysville), for 

the 2006 to the present‐day period.   The RMT derived mean daily water temperatures 

for  the  Yuba  River  from  real‐time  (hourly)  temperature  data  to  evaluate  observed 

temperatures  in  the  lower Yuba River, and  to determine  the extent of conformance of 

the monitoring data with output from the Yuba Accord Water Temperature Model. 

The primary purpose for examining recent water  temperature monitoring data was  to 

compare water  temperatures  in  the  lower Yuba River with  those  in  the  lower Feather 

River.  The  RMT  derived  mean  daily  water  temperatures  from  real‐time  (hourly) 

temperature data for the concurrent 2006 – present time period in lower Feather River 

upstream of the confluence with the Yuba River (at Gridley).  The resultant mean daily 

water  temperatures were used  to  identify  the magnitude  of  the differences  in water 

temperature  between  the  lower  Yuba  River  and  the  lower  Feather  River  to  assess 

between‐river water temperature disparities  during the target species immigration and 

outmigration lifestages. 

3 RESULTS 

3.1 Water Temperature Model Results 

Simulated average monthly water  temperature model output exhibit distinct seasonal 

and  longitudinal  trends  in water  temperature  in  the  lower Yuba River.  Irrespective of 

location, generally the  lowest water temperatures occur during January and February, 

steadily  increase  until  mid‐June  or  July,  remain  at  relatively  high  values  through 

September and steadily decrease thereafter. In general, the coldest water temperatures 

occur upstream at  the Smartsville gage,  intermediate  temperatures occur at DPD, and 

the warmest  temperatures are observed downstream at  the Marysville gage  for most 

months of the year. The least amount of spatial variation in water temperature is occurs 

during  late  fall  through winter months  (i.e.,  late November  through February), when 
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simulated average monthly water temperatures are similar among the three monitoring 

locations.  By  contrast,  relative  to  the  Smartsville  gage,  average  monthly  water 

temperatures during the summer can be up to approximately 4°F warmer at DPD and 

7°F warmer at the Marysville gage. The range of temperatures simulated at Marysville 

is seasonally dependent because  the  rate of warming  in  the  lower Yuba River, and  is 

greatly  influenced by air temperature, solar radiation, and volume of flow  in the river 

(YCWA et al. 2007 Attachment B to Appendix D).   

3.2 Water Temperature Monitoring Results 

Monitoring water  temperature data  illustrate similar seasonal and  longitudinal  trends 

in water  temperature  in  the  lower Yuba River  (Figure 4)  to  those  simulated with  the 

water temperature model. The lowest water temperatures are observed during January 

and February, and water temperatures steadily increase until mid‐June or July, remain 

at  relatively  high  values  through  September  and  steadily  decrease  thereafter.    The 

coldest water temperatures are observed upstream at the Smartsville gage, intermediate 

water  temperatures  occur  at  DPD,  and  the  warmest  temperatures  are  observed  

downstream at the Marysville  gage for  most months of the year. The least amount of 

spatial  variation  in  water  temperature  is  observed  during  late  fall  through  winter 

months (i.e., late November through February), when water temperatures are similar at 

the three monitoring locations. 
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Figure 4. Water temperatures measured in the lower Yuba River at Smartsville, DPD, and Marysville 

monitoring locations. 
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Relative to the Smartsville gage, average daily water temperatures during the summer 

can be up to approximately 5°F warmer at DPD and 8°F warmer at the Marysville gage.  

Because  the model represents a range of meteorologic and hydrologic conditions over 

the simulation period extending from 1922 – 1994 it encompasses a range of hydrologic 

and meteorologic  conditions. The monitoring data are  for  the  specific  conditions  that 

occurred during 2006 – 2010, therefore it is not reasonable to expect that the long‐term 

model  averages  would  conform  to  the  monitoring  data  for  these  specific  years.  

Nonetheless,  monitoring  water  temperature  data  illustrate  similar  seasonal  and 

longitudinal trends and approximate magnitude in differences in the lower Yuba River 

to those simulated with the water temperature model. 

Average daily water temperatures for the period from 2006 to the present in the lower 

Yuba River  at Marysville  and  in  the  lower Feather River  at Gridley  are presented  in 

Figure  5.  Although  the  lower  Feather  River  water  temperature  monitoring  data 

contained periods of missing data, seasonal trends are evident from the available data. 

Similar  to  the  lower Yuba River  at Marysville,  the  lowest water  temperatures  in  the 

lower  Feather  River  at  Gridley  are  observed  during  January  and  February,  water 

temperatures steadily  increase until mid‐June or  July, remain at relatively high values 

through  September  and  steadily  decrease  thereafter.  The  least  amount  of  spatial 

variation in water temperature is observed during late fall through winter months (i.e., 

late November  through February), when water  temperatures  are  relatively  similar  in 

the lower Yuba River at Marysville and in the lower Feather River at Gridley. 
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Figure 5.  Water temperatures measured in the lower Yuba River at Marysville and in the lower 

Feather River at Gridley monitoring locations. 
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In general, water  temperatures measured at  these  two  locations diverge beginning  in 

March and extending through October. During 2008, average daily water temperatures 

at Marysville did not exceed about 62°F from May through September, and the monthly 

averages  ranged  from 58.3°F during May  to 61.6°F during  June. By  contrast, average 

daily water temperatures measured in the lower Feather River at Gridley exceeded 65°F 

by early May, reached 70°F by mid‐May, generally remained at or above 70°F through 

mid‐September,  and  remained  above  65°F  through  early  October. Monthly  average 

water temperatures at Gridley ranged from 67.6°F during May to 73.7°F during August.  

Water temperatures during 2009 were slightly cooler than those observed during 2008. 

During 2009, average daily water temperatures at Marysville did not exceed about 61°F 

from May  through  September,  and  the monthly  averages  ranged  from  55.6°F during 

May  to  60.3°F  during  September.  By  contrast,  average  daily  water  temperatures 

measured  in  the  lower Feather River at Gridley exceeded 65°F by early May, reached 

70°F by mid‐May and generally remained at or above 70°F through late‐September, and 

remained  above  65°F  through  September.  Monthly  average  water  temperatures  at 

Gridley ranged from 67.3°F during May to 71.7°F during August.  

During  summer  (i.e.,  June  through August)  average daily water  temperatures  in  the 

lower Feather River at Gridley can be as much as 16°F warmer than in the lower Yuba 

River at Marysville.  

3.3 Lifestage-Specific Water Temperature Suitabilities 

The RMT’s  technical  evaluation  of  the  appropriateness  of water  temperatures  in  the 

lower Yuba River primarily focuses on the identification of those months during which 

the Yuba Accord water  temperature model results estimate a probability of exceeding 

the species‐ and lifestage‐specific water temperature index values of at least 10%.   The 

following  sections  discuss  specific  species/  lifestages/  months  where  model  results 

indicate  that water  temperatures could exceed  the water  temperature  index values by 

10% or more. The 10% exceedance value is used as an indicator of potentially impactive 

conditions warranting further evaluation and consideration.  

3.3.1 Steelhead 

Adult Immigration and Holding  

Over  the August  through March adult  immigration  and holding  lifestage period,  the 

water temperature index value of 64°F is not exceeded with a 10% or greater probability 

at the Smartsville, DPD, or Marysville locations (Table 1).  The 56°F water temperature 
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index value is not exceeded with a 10% or greater probability at the Smartsville location, 

although  it  is exceeded with 81  to 100% probabilities during August, September, and 

October  at  DPD  and Marysville.  Observed mean  daily water  temperatures  at  DPD 

during August, September, and October over the 2006 to 2009 monitoring period were 

predominantly  below  60°F.  In  fact,  the  mean  monthly  DPD  average  daily  water 

temperatures were 55.8°F, 58.4°F, and 55.5°F during August, September and October, 

respectively,  during  2009.  Additionally,  immigrating  adult  steelhead  are  generally 

transient,  able  to  seek  thermal  refuge  and  therefore may  only  experience  short‐term 

exposure to temperatures greater than 56°F. Also, the highest densities of steelhead  in 

the lower Yuba River reportedly occur above DPD.  

Table 1.  Modeled Water Temperature Exceedances1 for Steelhead Lifestage‐ and Location‐Specific Periodicities in 

the lower Yuba River at Smartsville (SMRT), Daguerre Point Dam (DPD), and Marysville (MRY). 

Lifestage  Gage  WTI2  Jan  Feb  Mar Apr May Jun Jul Aug Sep  Oct  Nov Dec

Adult 

Immigration 

& 

Holding 

                                                   

SMRT  56°F  0%  0%  0%                  7%  7%  1.4%  0%  0% 

DPD  56°F  0%  0%  0%                  81%  100%  93%  0%  0% 

MRY  56°F  0%  0%  0%                  97%  100%  97%  0%  0% 

SMRT  64°F  0%  0%  0%                  0%  0%  0%  0%  0% 

DPD  64°F  0%  0%  0%                  2%  2%  0%  0%  0% 

MRY  64°F  0%  0%  0%                  4%  2%  0%  0%  0% 

Spawning 

                                                   

SMRT  54°F  0%  0%  0% 0%                                

DPD  54°F  0%  0%  0%  35%                                 

SMRT  57°F  0%  0%  0% 0%                                

DPD  57°F  0%  0%  0% 0%                                

Embryo 

Incubation 

                                                   

SMRT  54°F  0%  0%  0%  0% 0%                            

DPD  54°F  0%  0%  0%  35%  74%                             

SMRT  57°F  0%  0%  0% 0% 0%                            

DPD  57°F  0%  0%  0% 0% 4%                             

Juvenile 

Rearing & 

Downstream 

Movement 

                                                   

DPD  65°F  0%  0%  0%  0%  0%  0%  2%  1.4%  0%  0%  0%  0% 

MRY  65°F  0%  0%  0%  0%  0%  6%  4%  3%  2%  0%  0%  0% 

Yearling+ 

Smolt 

Emigration 

                                                   

DPD  52°F  0%  0%  23%  72%                      98%  13%  0% 

MRY  52°F  0%  0%  47%  98%                      98%  46%  0% 

DPD  55°F  0%  0%  0%  2%                      97%  0%  0% 

MRY  55°F  0%  0%  0%  2%                      97%  2%  0% 

1 % probability of average monthly temperature exceeding specified water temperature index values as estimated 

by the Yuba Accord Water Temperature Model. 
2 Water Temperature Index Value established for target species and specific lifestages 
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Spawning  

Over the January through April spawning lifestage period, the water temperature index 

value of 57°F  is not exceeded at  the Smartsville or DPD  locations  (Table 1). Over  the 

January through April spawning lifestage period, the water temperature index value of 

54°F is not exceeded at the Smartsville location. The 54°F water temperature index value 

also is not exceeded at the DPD location with the exception of April, when it is exceeded 

with  a  35%  probability. However,  observed mean  daily water  temperatures  at DPD 

during April over the 2007 to 2010 monitoring period were predominantly below 55°F.  

In fact, the mean monthly DPD average daily water temperatures were 54.9 °F, 54.2°F, 

53.7°F, and 52.7°F during April 2007, 2008, 2009 and 2010, respectively. Moreover, most 

steelhead spawning occurs prior to April, and occurs at locations upstream of DPD.   

Embryo Incubation 

Over  the  January  through  May  embryo  incubation  lifestage  period,  the  water 

temperature index value of 57°F is not exceeded at the Smartsville location, and is not 

exceeded with  a  10%  or  greater  probability  at  the DPD  location  (Table  1). Over  the 

January through May embryo incubation lifestage period, the water temperature index 

value of 54°F  is not exceeded at  the Smartsville  location. The 54°F water  temperature 

index value also  is not exceeded at  the DPD  location with  the exception of April and 

May, when  it  is  exceeded with  a  35%  and  74%  probability,  respectively. However, 

observed mean daily water  temperatures at DPD during April over  the 2007  to 2010 

monitoring period were predominantly below 55°F.    In  fact,  the mean monthly DPD 

average daily water temperatures were 54.9 °F, 54.2°F, 53.7°F, and 52.7°F during April 

2007, 2008, 2009 and 2010, respectively. Moreover, most steelhead embryo incubation is 

complete prior to May, and occurs at locations upstream of DPD. 

Juvenile Rearing and Downstream Movement 

Over the year‐round  juvenile rearing and downstream movement  lifestage period, the 

water temperature index value of 65°F is not exceeded at either the DPD or Marysville 

locations during most months of  the year, and  is not exceeded with a 10% or greater 

probability during any month of the year (Table 1). 

Yearling+ Smolt Emigration 

Over  the October  through mid‐April yearling+  smolt  emigration  lifestage period,  the 

water  temperature  index value of 55°F  is  exceeded with a 10% or greater probability 

during  the month  of October  at  both  the DPD  and Marysville  locations, when  it  is 

exceeded with a 97% probability (Table 1). The water temperature index value of 52°F is 
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exceeded during the months of October, November, March, and April at both the DPD 

and  Marysville  locations,  with  exceedance  probabilities  ranging  from  13%  to  98%. 

Observed mean  daily water  temperatures  at DPD  over  the  2006  to  2010 monitoring 

period were predominantly below 56°F during October, 53°F during November, 53°F 

during March, and 55°F during April.    In  fact,  the mean monthly DPD average daily 

water  temperatures  ranged  from  55.4°F  to  55.6°F  during  October,  51.7°F  to  52.7°F 

during November,  50.7°F  to  51.1°F during March,  and  52.7°F  to  54.9°F during April. 

Additionally, emigrating yearling+ smolts may only experience short‐term exposure to 

temperatures  greater  than  the water  temperature  index  values  during  these months, 

which represent the beginning and end of the yearling+ smolt emigration period.  

Monitoring data  indicate  that water  temperatures generally observed during  the  first 

half of October in the Feather River at Gridley during 2008 are 4°F to 7°F warmer than 

those observed  in  the  lower Yuba River at Marysville, and  ranged  from 64°F  to 67°F.  

Therefore,  the potential benefits of  reducing  temperatures  in  the  lower Yuba River  to 

increase suitability during the first half of October are questionable in consideration of 

the higher water  temperatures  in  the  lower Feather River. A  similar  situation occurs 

during the months of March and April. 

3.3.2 Spring-run Chinook Salmon 

Adult Immigration and Holding 

Over  the April  through August  adult  immigration  and  holding  lifestage  period,  the 

water temperature index value of 64°F is not exceeded with a 10% or greater probability 

at both the Smartsville and DPD locations, and is only exceeded at Marysville with an 

11% probability during July (Table 2).   The 60°F water temperature index value is not 

exceeded with a 10% or greater probability at either  the Smartsville or DPD  location, 

although  it  is  exceeded with  a  10%  probability  during May,  45%  during  June,  67% 

during  July,  and  16%  during  August.  Observed mean  daily  water  temperatures  at 

Marysville were predominantly below 60°F during May, below 63°F during  June and 

July, and below 62°F during August during 2007 and 2008 monitoring periods. Water 

temperatures were generally cooler during the 2009 monitoring period, with observed 

mean daily water  temperatures at Marysville predominantly below 56°F during May, 

below 59°F during June and July, and below 58°F during August.  

Additionally, preliminary acoustic tagging and tracking data indicate that immigrating 

adult  spring‐run  Chinook  salmon  do  not  spend  extended  periods  of  time  at 

downstream  (e.g., Marysville)  locations. Spring‐run Chinook salmon primarily exhibit 

holding behavior during July and August near or upstream of DPD in the lower Yuba 
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River following the period of immigration during April, May, and June, in preparation 

for spawning above DPD, and water temperatures remain below the most rigorous 60°F 

water temperature index value for the adult immigration and holding lifestage.  

Table  2.   Modeled Water Temperature Exceedances1  for Spring‐Run Chinook Salmon Lifestage‐  and Location‐

Specific Periodicities in the lower Yuba River at Smartsville (SMRT), Daguerre Point Dam (DPD), and Marysville 

(MRY). 

Lifestage  Gage  WTI2  Jan  Feb  Mar Apr May Jun Jul Aug Sep  Oct  Nov Dec

Adult 

Immigration 

& 

Holding 

                                                   

SMRT  60°F              0%  0%  0%  0%  0%                 

DPD  60°F              0% 1.4%  3%  2%  2%                 

MRY  60°F              0% 10%  45%  67%  26%                 

SMRT  64°F              0% 0% 0% 0% 0%                

DPD  64°F              0%  0%  0%  2%  2%                 

MRY  64°F              0%  0%  8%  11%  4%                 

Spawning 
                                                   

SMRT  56°F                                  7%  1.4%  0%     

Embryo 

Incubation 

                                                   

SMRT  56°F  0%  0%                        7%  1.4%  0%  0% 

Juvenile  
Rearing & 
Downstream 
Movement 

                                                   

DPD  65°F  0%  0%  0%  0%  0%  0%  2%  1.4%  1.4%  0%  0%  0% 

MRY  65°F                         

Yearling+ 

Smolt 

Emigration 

                                                   

DPD  63°F  0%  0%  0%  0%  0%                      0%  0% 

MRY  63°F  0%  0%  0%  0%  0%                      0%  0% 

1 % probability of average monthly temperature exceeding specified water temperature index values as estimated 

by the Yuba Accord Water Temperature Model. 
2 Water Temperature Index Value established for target species and specific lifestages 

Monitoring data  indicate that water temperatures observed  in the  lower Feather River 

at Gridley are warmer than those observed in the lower Yuba River at Marysville by 7°F 

to 16°F during  June, 9°F  to 14°F during  July, and 11°F  to 16°F during August  for  the 

2008  and  2009  monitoring  period.  Reducing  lower  Yuba  River  water  temperatures 

during  June,  July,  and  August  would  further  exacerbate  the  substantial  water 

temperature  difference  between  the  lower  Yuba  River  at Marysville  and  the  lower 

Feather  River  at  Gridley,  which  could  potentially  increase  out‐of‐basin  effects  by 

increasing  the  rate  of  straying  and  associated hybridization  and  the  loss  of potential 

genetic integrity of spring‐run Chinook salmon in the lower Yuba River.    

Spawning 

Over  the  September  through  mid‐November  spawning  lifestage  period,  the  water 

temperature index value of 56°F is not exceeded at the Smartsville location with a 10% 

or greater probability (Table 2).  
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Embryo Incubation  

Over  the  September  through February  embryo  incubation  lifestage period,  the water 

temperature index value of 56°F is not exceeded at the Smartsville location with a 10% 

or greater probability (Table 2). 

Juvenile Rearing and Downstream Movement 

Over the year‐round  juvenile rearing and downstream movement  lifestage period, the 

water temperature index value of 65°F is not exceeded at either the DPD or Marysville 

locations during most months of  the year, and  is not exceeded with a 10% or greater 

probability during any month of the year (Table 2). 

Yearling+ Smolt Emigration 

Over the November through mid‐May yearling+ smolt emigration lifestage period, the 

water temperature index value of 63°F is not exceeded at either the DPD or Marysville 

locations (Table 2). 

3.3.3 Fall-run Chinook Salmon 

Adult Immigration and Staging 

Over  the  July  through mid‐December adult  immigration and staging  lifestage period, 

the  water  temperature  index  value  of  64°F  is  not  exceeded  with  a  10%  or  greater 

probability at the DPD location, although it is exceeded with an 11% probability at the 

Marysville  location during  July  (Table 3).   The 60°F water  temperature  index value  is 

exceeded with a 10% or greater probability at the DPD location only during the month 

of September (12%), and during July (67%), August (26%), and September (93%) at the 

Marysville location.  

Observed mean daily water temperatures at Marysville were predominantly below 62°F 

during  July,  August  and  September  during  the  2007  and  2008 monitoring  periods. 

Water  temperatures were  generally  cooler  during  the  2009 monitoring  period, with 

observed  mean  daily  water  temperatures  at  Marysville  predominantly  below  59°F 

during  July,  below  58°F  during  August,  and  below  61°F  during  September. 

Additionally,  immigrating adult  fall‐run Chinook  salmon are generally  transient, and 

therefore may only experience short‐term exposure to temperatures greater than 60°F at 

downstream locations (e.g., Marysville) during July through September.    
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Table  3.   Modeled Water  Temperature  Exceedances1  for  Fall‐Run  Chinook  Salmon  Lifestage‐  and  Location‐

Specific Periodicities in the lower Yuba River at Smartsville (SMRT), Daguerre Point Dam (DPD), and Marysville 

(MRY). 

Lifestage  Gage  WTI2  Jan  Feb  Mar Apr May Jun Jul Aug Sep  Oct  Nov Dec

Adult 

Immigration 

& 

Staging 

                                                   

DPD  60°F                          2%  2%  12%  1.4%  0% 0%

MRY  60°F                          67%  26%  93%  8%  0% 0%

DPD  64°F                          2%  2%  2%  0%  0%  0% 

MRY  64°F                          11%  4%  2%  0%  0% 0%

Spawning 

                                                   

SMRT  56°F                                      1.4%  0%  0% 

DPD  56°F                                      93%  0%  0% 

Embryo 

Incubation 

                                                   

SMRT  56°F  0%  0%  0%                          1.4%  0%  0% 

DPD  56°F  0%  0%  0%                          93%  0%  0% 

Juvenile  
Rearing & 
Downstream 
Movement  

                                                   

DPD  65°F  0%  0%  0%  0%  0%  0%  2%                  0% 

MRY  65°F  0%  0%  0%  0% 0% 6%  4%                  0% 

1 % probability of average monthly temperature exceeding specified water temperature index values as estimated 

by the Yuba Accord Water Temperature Model. 
2 Water Temperature Index Value established for target species and specific lifestages 

Spawning 

Over the October through December spawning lifestage period, the water temperature 

index value of 56°F is not exceeded with a 10% or greater probability at the Smartsville 

location,  although  it  is  exceeded with  a  93% probability  at  the DPD  location during 

October  (Table 3). Fall‐run Chinook  salmon are primarily observed  spawning during 

October  in  the upper  reaches upstream  of DPD  in  the  lower Yuba River.   The Yuba 

Accord Water  Temperature model  estimated  no  probability  of  exceeding  the water 

temperature  index  value  of  56°F  during  October  at  Smartsville.  Spawning  fall‐run 

Chinook salmon begin expanding their spatial distribution further downstream in later 

fall months as suitable temperatures become available near or downstream of DPD. 

Embryo Incubation 

Over  the  October  through  March  embryo  incubation  lifestage  period,  the  water 

temperature index value of 56°F is not exceeded with a 10% or greater probability at the 

Smartsville location, although it is exceeded with a 93% probability at the DPD location 

during  October  (Table  3).  Because  fall‐run  Chinook  salmon  are  primarily  observed 

spawning during October  in  the upper  reaches upstream  of DPD  in  the  lower Yuba 

River, that is also where incubation would occur. The Yuba Accord Water Temperature 

model indicated no probability of exceeding the water temperature index value of 56°F 

during  October  at  Smartsville.  As  described  above  for  the  spawning  lifestage, 
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applicable to the embryo incubation lifestage, spawning fall‐run Chinook salmon begin 

expanding their spatial distribution further downstream in later fall months as suitable 

temperatures become available near or downstream of DPD. 

Juvenile Rearing and Downstream Movement 

Over the December through July juvenile rearing and downstream movement lifestage 

period, the water temperature index value of 65°F is not exceeded at either the DPD or 

Marysville locations during most months of the year, and is not exceeded with a 10% or 

greater probability during any month of the year (Table 3). 

3.3.4 North American Green Sturgeon Lifestage-Specific Water 
Temperature Exceedances 

The  RMT  water  temperature  evaluation  for  North  American  green  sturgeon  is  to 

evaluate the probability of occurrence that water temperatures in the lower Yuba River 

are within  reported  suitable  ranges  for  each of  the  lifestages as described  in Sections 

2.1.1 and 2.2.1. 

Adult Immigration, Holding, And Post-Spawning Holding  

Water temperatures from 44°F to 61°F were used by the RMT to represent the suitable 

range  for  the  adult  immigration, holding,  and post‐spawning  holding  lifestages. The 

combination of these lifestages encompasses late February through November. At DPD, 

water  temperatures  remain  within  this  range  with  100%  probability  during  most 

months  excluding  June  through  September,  when  they  remain  within  this  water 

temperature  range with a 97% probability. At Marysville, water  temperatures  remain 

within this range with a 97 to 100% probability from February through May and during 

October and November, nearly 80% during August, about 50% during  June and  July, 

and 20% during September.   

Spawning and Embryo Incubation  

Water temperatures from 46°F to 63°F were used by the RMT to represent the suitable 

range  for  the  spawning  and  embryo  incubation  lifestages, which  occur  from March 

through  July.  At  DPD,  water  temperatures  remain  within  this  range  with  100% 

probability during most months  excluding  July, when  they  remain within  this water 

temperature  range with a 98% probability. At Marysville, water  temperatures  remain 

within this range with a 97 – 100% probability from March through May, and about an 

80% probability during June and July. 
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Juvenile Rearing 

Water temperatures from 52°F to 66°F were used by the RMT to represent the suitable 

range  for  the  juvenile  rearing  lifestage,  which  occurs  year‐round.  At  DPD,  water 

temperatures remain within this range with a 98 to 100% probability from June through 

October. During November, water  temperatures remain within  this range with only a 

14% probability because most (86%) of the time water temperatures are below the lower 

value of 52°F. Water  temperatures are always below  the 52°F value during December 

through February, and below this value with a 77% probability during March. During 

April and May, water  temperatures  remain within  the suitable  range with a 72% and 

95% probability, respectively, and are below this range the remainder of the time.  

At Marysville, water  temperatures  remain within  this  range with  about  95  to  100% 

probability from April through October. During November, water temperatures remain 

within  this  range with  a  47%  probability  because  the  rest  (53%)  of  the  time water 

temperatures are below the lower value of 52°F. Water temperatures are always below 

the 52°F value during December  through February, and below  this value with a 53% 

probability during March. 

Juvenile Outmigration 

Water temperatures from 52°F to 66°F were used by the RMT to represent the suitable 

range for the juvenile outmigration lifestage, which occurs May through September. At 

both DPD and Marysville, water temperatures remain within this range with about 95 

to 100% probability. 

4 DISCUSSION 

4.1 Cold Water Considerations Regarding Adult Spring-run Chinook 
Salmon Immigration 

The  RMT  acknowledged  that water  temperature  concerns  in  the  Central  Valley  are 

generally  related  to  temperatures  exceeding  “upper”  tolerance  limits  rather  than 

“lower” limits. However, the potential exists for water temperatures in the lower Yuba 

River  to be  lower  than  the “lower”  salmonid  tolerance  limits  in  the Englebright Dam 

and  Narrows  reaches.  Available  scientific  literature  concerning  “lower”  water 

temperature  tolerance values was  found  to be  limited.    It was recently suggested  that 

raising  the water  temperature  from  50°F  to  53°F  on  the  south  fork  of  the McKenzie 

River  in Oregon may  have  attracted  spring‐run  Chinook  salmon  to migrate  further 

upstream.  This  suggested  the  need  to  examine  the  possibility  that  cold  water 
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temperatures  in  the uppermost  reach of  the  lower Yuba River during  the  spring and 

summer may potentially  influence  the volitional upstream movement and holding of 

spring‐run  Chinook  salmon.  Therefore,  the  RMT  also  examined  the  probability  of 

occurrence  of water  temperatures  less  than  53°F  at  the  Smartsville  location  for  the 

spring‐run Chinook salmon adult immigration and holding lifestage.  

Over  the April  through August  adult  immigration  and  holding  lifestage  period,  the 

water  temperature model  indicates  that water  temperatures  at  Smartsville  are  below 

53°F with  a  100% probability during April  (48.2  to  52.1°F),  97% during May  (50.2  to 

52.9°F), 18% during June (52.7 to 52.9°F), and nearly 0% during July and August. Water 

temperatures at DPD are below 53°F with about 50% probability during April (49.9 to 

52.9°F),  13%  during May  (51.1  to  52.9°F),  and  remain  at  or  above  53°F with  a  100% 

probability  from  June  through August.  Therefore,  if water  temperatures  lower  than 

53°F  impede upstream migration,  then movement of  fish above DPD may be affected 

about 50% of the time during April.  

As previously discussed, the RMT’s examination of preliminary data obtained since the 

Vaki Riverwatcher infrared and videographic sampling system has been operated (2003 

– present)  indicated a general mode of Chinook salmon ascending  the  fish  ladders at 

DPD  from  April  through  June,  with  few  observations  during  April  and  peak 

observations during May or  June. Also, 30 adult Chinook  salmon acoustically  tagged 

during  May  2009  and  tracked  through  the  fall  demonstrated  variable  patterns  of 

upstream migration  and holding, with  some  fish  remaining  for  several weeks below 

DPD, and others holding and/or moving among various locations above and below the 

dam,  prior  to  moving  into  upstream  areas  to  spawn  during  early  fall.  Further 

examination  of previously  collected  and  on‐going  acoustic  tagging  and  tracking  and 

water  temperature monitoring data may yield  additional  insights  as  to whether  cold 

water  temperatures may potentially  influence  the volitional upstream movement and 

holding of spring‐run Chinook salmon.  

In  consideration  of whether  it may  be  appropriate  to  provide warmer  temperatures 

during April and May in the upper reaches of the lower Yuba River, the RMT took into 

account  the  spatial  and  temporal  distribution  of  other  species  and  lifestages  during 

these months,  and whether water  temperature  index  values  are  exceeded.  Steelhead 

spawning and embryo  incubation  is occurring during April and May, associated with 

water temperature index values of 54°F and 57°F. At DPD the water temperature index 

value of 54°F  is exceeded with a 35% probability during April, and a 74% probability 

during May. At DPD the water temperature index value of 57°F is not exceeded during 

April, but is exceeded with a 4% probability during May.  
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To  consistently  achieve  53°F  at  Smartsville,  then water  temperatures would  need  to 

increase  approximately  5°F  during  April  and  3°F  during May.  Based  on  the water 

temperature  model,  these  increases  would  result  in  exceeding  the  54°F  water 

temperature  index value with about a 100% probability during both April and May at 

DPD. Also, these increases would result in exceeding the 57°F water temperature index 

value with about a 70% probability during April, and with a 75% probability during 

May at DPD.  

Given  the  low numbers of Chinook salmon ascending  the  fish  ladders at DPD during 

April, the present uncertainty regarding whether low water temperatures influence the 

immigration and holding of adult spring‐run Chinook salmon  in  the upper reaches of 

the  lower Yuba River,  the recent observations of spatial and  temporal distributions of 

adult spring‐run Chinook salmon, and potential adverse  impacts on other species and 

lifestages, the RMT concludes that providing warmer water temperatures during April 

and May is not recommended at this time. 

4.2 O. mykiss Anadromy vs. Residency 

The issue has been raised at the RMT that providing relatively cold water temperatures 

below Englebright Dam year‐round may favor residency over anadromy in lower Yuba 

River O. mykiss,  and  that  it may  be possible  to manage  the  lower Yuba River water 

temperature regime to promote anadromy in O. mykiss.   

Englebright Dam  and Reservoir  are  located  downstream  of New  Bullards  Bar Dam. 

Operational  releases  from  Englebright  Dam  provide  the  base  flow  and  water 

temperature boundary conditions  in  the upper reaches of  the  lower Yuba River. Since 

September 1993, the low‐level outlet has been used for all controlled releases from New 

Bullards Bar Dam pursuant  to  input provided by CDFG  and USFWS. The  coldwater 

pool  availability  in New  Bullards  Bar Reservoir  has  been  sufficient  to  accommodate 

year‐round  utilization  of  the  lower  river  outlets  in  order  to  provide  cold water  into 

Englebright Reservoir, and subsequently into the lower Yuba River. 

Although few baseline data are available,  it has been suggested that Central Valley O. 

mykiss have apparently shifted from a historic preponderance of anadromy to a greater 

proportion of fish with a resident life history (maturity in freshwater with no time spent 

in  the ocean)  (Lindley  et al. 2007; Satterthwaite  et al. 2010). McClure et al.  (2008) state 

that  some  Central  Valley  populations  below  barriers  appear  to  have  a  higher  than 

expected proportion  of  resident O. mykiss. Zimmerman  et  al.  (2009)  analyzed  otolith 

strontium:calcium  (Sr:Ca)  ratios  to  determine maternal  origin  (anadromous  vs.  non‐

anadromous)  and migratory  history  (anadromous  vs.  non‐anadromous)  of O. mykiss 
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collected  in Central Valley  rivers  between  2001  and  2007,  including  the  lower Yuba 

River. The proportion of steelhead progeny  in  the  lower Yuba River  (about 13%) was 

intermediate  to  the  other  rivers  examined  (Sacramento,  Deer  Creek,  Calaveras, 

Stanislaus, Tuolumne, and Merced), which ranged from 4% in the Merced River to 74% 

in Deer Creek (Zimmerman et al. 2009).  

Lindley  et  al.  (2007),  referencing McEwan  (2001),  suggested  that  the  apparent  shift 

toward the resident life history strategy of O. mykiss in the Central Valley is likely partly 

a response to hypolimnetic releases from reservoirs. Payne and Cramer (2005) suggest 

that water temperature regimes were the most consistent feature that distinguished the 

main production areas for anadromous or resident O. mykiss in the Yakima, Deschutes, 

and Willamette river basins in Washington and Oregon. They also suggest that streams 

with  temperatures below 16°C  (about 61°F) during summer and capable of producing 

12‐14  inch  trout  at  first maturity  offer  a  selective  advantage  for  residency, whereas 

streams  where  growth  opportunities  during  summer  are  constrained  either  by 

temperature or space likely provide a selective advantage for anadromy. Courter et al. 

(2009) reported  that O. mykiss anadromy was dominant  in  tributary sites  in  the  lower 

Yakima River Basin where summer flows were relatively low and stream temperatures 

were comparatively warm, and that residency was the predominate life history form in 

the upper Yakima River Basin  and  other mainstem  locations where  stream  channels 

generally maintained higher summer flows and cooler temperatures. 

Lindley  et  al.  (2007)  suggest  that O. mykiss may  take up  residency  in dam  tailwaters 

experiencing hypolimnetic releases due  to  their phenotypic plasticity, or  the  fitness of 

O. mykiss using  these areas may exceed  the  fitness of anadromous  fish, which would 

drive an evolutionary (i.e., genetic) change if life history strategy is heritable. As stated 

by McClure et al. (2008), the associations of salmonid life histories with environmental 

characteristics  can  result  from  either  genetically‐based  adaptive  evolution,  or  from 

individual  phenotypic  plasticity.  In  phenotypically  plastic  traits,  environment  trait 

associations  reflect  immediate  environmental  responses  rather  than  local  genetic 

adaptation,  and  selective  change might be buffered  in  complex ways  (Sultan  2007  as 

cited  in McClure  et  al.  2008).  It  is  unclear  the  extent  to which O. mykiss  current  life 

histories on Central Valley streams are best explained by a plastic response or a genetic 

change (Satterthwaite et al. 2010). 

Some O. mykiss  individuals  complete  their  entire  life  history  in  freshwater whereas 

others, sympatric at birth, spend variable amounts of time in freshwater, estuaries, and 

the ocean before returning  to  freshwater  to reproduce  (Satterthwaite et al. 2010). Also, 

the  progeny  of  one  life‐history  form  of O. mykiss  can  assume  a  life‐history  strategy 

different  from  that  of  their parents  (McEwan  2001).  In  the Central Valley,  naturally‐
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spawning  stocks of  rainbow  trout  that  support  anadromy  are known  to occur  in  the 

upper Sacramento River and tributaries, Mill, Deer, and Butte creeks, and the Feather, 

Yuba, American, Mokelumne, Calaveras, and Stanislaus rivers (McEwan 2001). 

A  polymorphic  O.  mykiss  population  structure may  be  necessary  for  the  long‐term 

persistence in highly variable environments such as the Central Valley (McEwan 2001). 

Resident  fish  may  reduce  extinction  risk  through  the  production  of  anadromous 

individuals that can enhance weak steelhead populations (Lindley et al. 2007).  

Habitats in tailwater area below dams have changed to become more conducive to the 

resident life history even though ocean migration is possible (McClure et al. 2008). They 

suggest that migration to the ocean with its superior growth opportunity is presumably 

necessary when  freshwater  food  supplies  are  relatively  low. However,  fish  that  can 

grow  rapidly  in  fresh water avoid  the  risks associated with migration, and  in  such a 

situation, anadromy would be expected to be selected against (McClure et al. 2008). 

In the lower Yuba River, a broad range of O. mykiss size classes have been during spring 

and summer snorkeling, electrofishing, and angling surveys (SWRI et al. 2000). Juvenile 

O. mykiss ranging  in size  from 40‐150 mm are commonly observed upstream of DPD. 

Numerous  larger  juveniles and resident trout up to 18  inches  long also are commonly 

observed in the mainstem upstream and downstream of DPD (SWRI et al. 2000).  

Mitchell (2010) reports that analysis of scale growth patterns of juvenile O. mykiss in the 

lower  Yuba  River  indicates  a  period  of  accelerated  growth  during  spring,  peaking 

during  the  summer,  followed  by  decelerated  growth  during  the  fall  and  winter.  

Following the second winter, juvenile O. mykiss in the lower Yuba River exhibit reduced 

annual growth  in  length with  continued growth  in mass until  reaching  reproductive 

age.  Additionally, more  rapid  O.  mykiss  growth  occurred  in  the  lower  Yuba  River 

compared  to  the  lower  Sacramento  River  and  Klamath  River  O.  mykiss,  with 

comparable growth rates to O. mykiss in the upper Sacramento River (Mitchell 2010). 

However, Satterthwaite et al. (2010) caution against making overly simplistic statements 

such  as  the  fastest growing parr  are  expected  to mature,  the next  fastest growing  to 

smolt  as  young  fish,  and  the  remainder  to  smolt  as  older  fish.  They  also  state  that 

sometimes the fastest growing fish are predicted to smolt immediately, slightly slower 

growing  fish  are  predicted  to  mature  as  parr,  and  even  slower  growing  fish  are 

predicted  to  smolt  at  older  ages,  with  the  result  that  residency  is  associated  with 

intermediate rather than fast or slow growth. Instead of a dichotomy between residency 

and  anadromy, O. mykiss  express  a multitude of different,  independent  life histories, 

including sexual maturity as a  resident at a variety of different ages, or smolting at a 

variety of different ages (Satterthwaite et al. 2010).  



RIVER MANAGEMENT TEAM   TECHNICAL MEMORANDUM 

Lower Yuba River  43   November 2010 
Water Temperature Objectives 

In general, Satterthwaite et al. (2010) do not predict that a warm summer with low food 

availability will strongly  favor anadromy relative  to a baseline condition, nor do  they 

predict that a cool summer with high flow will strongly favor residency. 

Satterthwaite et al. (2010) concluded that the single most important factor in preserving 

the  anadromous  life  history  of  O.  mykiss  is  survival  during  the  period  between 

emigration to the ocean and returning to spawn, although large changes in freshwater 

survival or growth rates are potentially also important.  Lindley et al. (2007) suggest that 

life history diversity also confers risk spreading,  in that  individuals are spread among 

habitats that are subject to independent sources of disturbance. For instance, fish in the 

ocean  are  unaffected  by  flooding, while  fish  in  rivers  are  immune  to  poor  feeding 

conditions in the ocean (Lindley et al. 2007).   

O. mykiss  life  history  evolution  is  driven  by  an  interacting  network  of  growth  rates, 

freshwater  survival, and emigrant  survival, along with  limits on  the asymptotic  sizes 

achievable  in  freshwater  (Satterthwaite  et  al.  2010).  They  state  that  it  is  difficult  and 

perhaps misleading to try to summarize the effects of any one of multiple variables in 

isolation  on  predicted  changes  in  steelhead  life  history  in  response  to management 

actions. 

 

In  the Central Valley,  a  primary  issue  of management  concern  is  that  releases  from 

dams do not provide sufficient cold water suitable for the continuum of lifestages of O. 

mykiss.  McEwan (2001) reports that some dams in the Central Valley were constructed 

with  inadequate  release structures  that make  it difficult  to optimize  releases  from  the 

hypolimnion,  or  other  reservoirs  may  not  have  adequate  minimum  pool  storage 

requirements. Consequently, many reservoirs currently are not able to provide releases 

necessary  to maintain  suitable  temperatures  for  steelhead  rearing  through  the  critical 

summer and fall periods, especially during dry and critically‐dry years (McEwan 2001). 

Such  is generally not  the case regarding water  temperatures  in  the  lower Yuba River. 

Ironically, the issue regarding O. mykiss anadromy versus residency in the lower Yuba 

River  centers  upon  whether  it  would  be  advisable  to  intentionally  release  warmer 

waters  to  promote  anadromy.  Given  the  suite  of  considerations  presented  in  this 

section,  the previously described multi‐species/lifestage water  temperature  suitability 

evaluations  in  this  Technical Memorandum,  and  potential  adverse  impacts  on  other 

species and lifestages that could result from the intentional provision of warmer water 

temperatures,  the  RMT  concludes  that  providing  warmer  water  temperatures  to 

promote O. mykiss anadromy is not recommended at this time. 
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5 CONCLUSIONS AND RECOMMENDATIONS 

The  Yuba Accord  River Management  Team  (RMT),  comprised  of  representatives  of 

NMFS, USFWS, CDFG, DWR, YCWA, PG&E and NGOs, used previously available data 

and  information, updated with  recent  biologic  and  abiotic monitoring,  to  review  the 

appropriateness of  the water  temperature  regime  in  the  lower Yuba River associated 

with implementation of the Yuba Accord. The RMT updated the lifestage periodicities 

of target species in the lower Yuba River, identified suitable thermal regimes for target 

fish  species  taking  into  account  individual  species  and  lifestage  water  temperature 

requirements,  identified species and  lifestage‐specific water  temperature  index values, 

assessed the probability of occurrence that those water temperature index values would 

be  achieved  with  implementation  of  the  Yuba  Accord,  and  evaluated  whether 

alternative water  temperature  regimes  are warranted.  The  RMT  also  addressed  the 

issue  regarding  the potential  that  cold water  conditions  could affect adult  spring‐run 

Chinook salmon immigration and holding, and the issue of O. mykiss anadromy versus 

residency. 

Given  the  entire  suite  of  considerations  in  this  Technical  Memorandum,  the  RMT 

concludes that implementation of the Yuba Accord provides a suitable thermal regime 

for target species in the lower Yuba River, and does not recommend water temperature‐

related operational or infrastructure modifications at this time. 

Further,  the RMT recommends  that  this Technical Memorandum be supplemented by 

incorporating additional data and  information obtained from ongoing monitoring and 

evaluation  activities,  and  by  the  application  of  a  daily  time‐step water  temperature 

model, when  such  a model  becomes  available,  to  provide  greater  resolution  and  to 

validate the exceedance estimates of the Yuba Accord Water Temperature Model. It  is 

presently anticipated  that  the supplemental evaluation would be conducted by  fall of 

2012. 
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Attachment A 

Water Temperature Index Values for Technical 
Evaluation Guidelines 

INTRODUCTION 

This attachment  (Attachment A)  to  the Yuba Accord River Management Team  (RMT) 

Technical Memorandum titled Lower Yuba River Water Temperature Objectives serves as a 

literature  review  and  reference  compilation  from  which  the  RMT  selected  water 

temperature  index values  to evaluate  the  thermal  regime  in  the  lower Yuba River  for 

Chinook  salmon and  steelhead. The  information presented herein  is  largely based on 

excerpts from Appendix E2 to the Public Draft EIR/EIS for the Yuba Accord (YCWA et 

al. 2007). 

Water  temperature  index  values  were  established  from  a  comprehensive  literature 

review  to  reflect  an  evenly  spaced  range  of  water  temperatures,  from  reported 

“optimal”  to  “lethal” water  temperatures,  for  each  life  stage  of Chinook  salmon  and 

steelhead.  Types of literature examined include scientific journals, Master’s theses and 

Ph.D.  dissertations,  literature  reviews,  and  agency  publications  (see  Section  4.0, 

References).  Water temperature index values were determined by placing emphasis on 

the  results  of  laboratory  experiments  that  examined  how water  temperature  affects 

Central Valley Chinook  salmon  and  steelhead,  as well  as  by  considering  regulatory 

documents such as biological opinions  from NMFS.   Studies on  fish  from outside  the 

Central Valley were used to establish index values when local studies were unavailable.  

To avoid unwarranted  specificity, only whole  integers were  selected as  index values, 

thus  support  for  index  values was,  in  some  cases,  partially  derived  from  literature 

supporting a water  temperature  that varied  from  the resultant  index value by several 

tenths  of  a degree.    For  example, Combs  and Burrows  (1957)  reported  that  constant 

incubation temperatures between 42.5°F and 57.5°F resulted in normal development of 

Chinook  salmon  eggs,  and  their  report  was  referenced  as  support  for  a  water 

temperature index value of 58°F.  Rounding for the purposes of selecting index values is 

appropriate because the daily variation of experimental treatment temperatures is often 

high.  For example, temperature treatments in Marine (1997) consisted of control (55.4°F 

to 60.8°F), intermediate (62.6°F to 68.0°F), and extreme (69.8°F to 75.2°F) treatments that 

varied daily by several degrees.   

Most of the literature on salmonid water temperature requirements refers to “stressful,” 

“tolerable,” “preferred,” or “optimal” water temperatures or water temperature ranges.  

(Spence et al. 1996) defined the tolerable water temperature range as the range at which 
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fish can  survive  indefinitely.   Thermal  stress  to  fish  is any water  temperature change 

that  alters  the  biological  functions  of  the  fish  and  which  decreases  probability  of 

survival (McCullough 1999).  Optimal water temperatures provide for feeding activity, 

normal  physiological  response,  and  behavior  void  of  thermal  stress  symptoms 

(McCullough  1999).    Preferred  water  temperature  ranges  are  those  that  are  most 

frequently  selected  by  fish when  allowed  to  freely  choose  locations  along  a  thermal 

gradient  (McCullough  1999).    Properly  functioning  condition  (PFC)  is  an  additional 

term that will be used in the present document as defined by NMFS in (McElhany et al. 

2000).  McElhany et al. (2000) suggests that defining PFC is an ongoing process and the 

term will undergo  further  revision, but based on  currently available knowledge, PFC 

defines the “…freshwater spawning and rearing conditions necessary for the long‐term 

survival of Pacific salmon populations.”   

The RMT  acknowledges  and  adopts  the  limitations  associated with  the development 

and application of water temperature index values well summarized by McEwan (2001) 

addressing  steelhead.  Namely,  that  they  serve  as  general  guidelines,  originally 

developed  by  researchers  on  specific  streams  or  under  laboratory  conditions  that 

oftentimes focused on temperature maxima that cause lethal and sublethal effects. Also, 

research under  controlled  laboratory  conditions does not  take  into account ecological 

considerations associated with water temperature regimes, such as predation risk, inter‐ 

and  intra‐specific  competition,  long‐term  survival  and  local  adaptation.  The  water 

temperature  index  values  are  not  meant  to  be  significance  thresholds,  but  instead 

provide  a mechanism  by which  to  compare  the  suitability  of  the water  temperature 

regimes  associated with  implementation of  the Yuba Accord. The water  temperature 

index values presented herein represent a gradation of potential effects, from reported 

optimal water  temperatures  increasing  through  the range of represented  index values 

for each life stage.  

1 CHINOOK SALMON 
It has been suggested that separate water temperatures standards should be developed 

for  each  run‐type  of  Chinook  salmon.  For  example, McCullough  (1999)  states  that 

spring‐run Chinook salmon  immigrate  in spring and spawn  in 3rd  to 5th order streams 

and, therefore, face different migration and adult holding temperature regimes than do 

summer‐ or  fall‐run Chinook salmon, which spawn  in streams of 5th order or greater.  

However, to meet the objectives of the current  literature review, run‐types will not be 

separated because:  (1)  there  is a paucity of  literature specific  to each  life stage of each 

run‐type; (2) there is an insufficient amount of data available in the literature suggesting 

that Chinook salmon run‐types respond to water temperatures differently; (3) the water 

temperature index values derived from all the literature pertaining to Chinook salmon 

that provide PFC  for  a particular  life  stage will  be  sufficiently protective  of  that  life 
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stage  for  each  run‐type; and  (4) all  run‐types overlap  in  timing of adult  immigration 

and holding and in some cases are not easily distinguished (Healey 1991).   

1.1 Adult Immigration and Holding 
The adult immigration and adult holding life stages are evaluated together, because it is 

difficult to determine the thermal regime that Chinook salmon have been exposed to in 

the river prior  to spawning and  in order  to be sufficiently protective of pre‐spawning 

fish, water temperatures that provide high adult survival and high egg viability must be 

available  throughout  the  entire  pre‐spawning  freshwater  period.    Although  studies 

examining  the effects of  thermal stress on  immigrating Chinook salmon are generally 

lacking,  it has been demonstrated  that  thermal  stress during  the upstream  spawning 

migration of sockeye salmon negatively affected the secretion of hormones controlling 

sexual maturation causing numerous reproductive impairment problems (McCullough 

et al. 2001). 

One  set  of  adult  immigration  and  holding  water  temperature  index  values  was 

established for all Chinook salmon run‐types.  The water temperature index values are 

evenly spaced across the range of conditions from those reported as “optimal” to those 

reported as “lethal”  for adult Chinook salmon during upstream spawning migrations 

and holding.  The water temperature index values established to evaluate the Chinook 

salmon adult  immigration and holding  lifestage are 60°F, 64°F, and 68°F  (Table A‐1).  

Although 56°F  is  referenced  in  the  literature  frequently as  the upper “optimal” water 

temperature  limit  for  upstream  migration  and  holding,  the  references  are  not 

foundational studies and often are  inappropriate citations.   For example, many of  the 

references to 56°F are based on Hinze (1959), which is a study examining the effects of 

water  temperature  on  incubating  Chinook  salmon  eggs.    Boles  et  al.  (1988), Marine 

(1992),  and NMFS  (1997b)  all  cite Hinze  (1959)  in  support of  recommendations  for  a 

water temperature of 56°F for adult Chinook salmon immigration.  Because 56°F is not 

strongly supported in the literature for adult Chinook salmon immigration and holding, 

it was not established as an index value.   

The lowest water temperature index value established was 60°F, because in the NMFS 

biological opinion  for  the proposed operation of  the Central Valley Project  (CVP) and 

State Water Project  (SWP), 59°F  to 60°F  is  reported as…“The upper  limit  of  the  optimal 

temperature range  for adults holding while eggs are maturing”  (NMFS 2000).   Also, NMFS 

(1997b)  states…“Generally,  the  maximum  temperature  of  adults  holding,  while  eggs  are 

maturing,  is  about  59°F  to  60°Fʺ …and…  “Acceptable  range  for  adults migrating upstream 

range from 57°F to 67°F.”  ODEQ (1995) reports that “…many of the diseases that commonly 

affect Chinook become highly infectious and virulent above 60°F.” The 60°F water temperature 

index  value  established  for  the Chinook  salmon  adult  immigration  and  holding  life 
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stage  is  the  index value generally  reported  in  the  literature  as  the upper  limit of  the 

optimal range, and is within the reported acceptable range.  Increasing levels of thermal 

stress  to  this  life stage may  reportedly occur above  the 60°F water  temperature  index 

value. 

Table A‐1.  Chinook  Salmon  Adult  Immigration  and  Holding Water  Temperature  Index  Values  and  the 

Literature Supporting Each Value 

Index Value  Supporting Literature 

60°F 
a
 

Maximum water  temperature  for  adults  holding, while  eggs  are maturing,  is  approximately  59°F  to  60°F 

(NMFS 1997b).  Acceptable water temperatures for adults migrating upstream range from 57°F to 67°F (NMFS 

1997b).  Upper limit of the optimal water temperature range for adults holding while eggs are maturing is 59°F 

to 60°F  (NMFS 2000).   Many of  the diseases  that commonly affect Chinook salmon become highly  infectious 

and virulent above 60°F (ODEQ 1995).  Mature females subjected to prolonged exposure to water temperatures 

above  60°F  have  poor  survival  rates  and  produce  less  viable  eggs  than  females  exposed  to  lower  water 

temperatures (USFWS 1995b). 

64°F 
Acceptable range for adults migrating upstream is from 57°F to 67°F (NMFS 1997b).  Disease risk becomes high 

at water  temperatures above 64.4°F  (EPA 2003b).   Latent embryonic mortalities and abnormalities associated 

with water temperature exposure to pre‐spawning adults occur at 63.5°F to 66.2°F (Berman 1990). 

68°F 

Acceptable  range  for  adults  migrating  upstream  range  from  57°F  to  67°F  (NMFS  1997b).    For  chronic 

exposures,  an  incipient upper  lethal water  temperature  limit  for pre‐spawning  adult  salmon probably  falls 

within the range of 62.6°F to 68.0°F (Marine 1992).   Spring‐run Chinook salmon embryos from adults held at 

63.5°F to 66.2°F had greater numbers of pre‐hatch mortalities and developmental abnormalities than embryos 

from adults held at 57.2°F to 59.9°F (Berman 1990).  Water temperatures of 68°F resulted in nearly 100 percent 

mortality of Chinook salmon during columnaris outbreaks (Ordal and Pacha 1963). 
a The 60°F water temperature index value established for the Chinook salmon adult immigration and holding life stage is the 

index value generally reported in the literature as the upper limit of the optimal range, and is within the reported acceptable 

range.    Increasing  levels of  thermal stress  to  this  life stage may  reportedly occur above  the 60°F water  temperature  index 

value.  

An  index  value  of  64°F  was  established  because  Berman  (1990)  suggests  effects  of 

thermal  stress  to  pre‐spawning  adults  are  evident  at water  temperatures  near  64°F.  

Berman  (1990)  conducted  a  laboratory  study  to  determine  if  pre‐spawning  water 

temperatures  experienced  by  adult Chinook  salmon  influenced  reproductive  success, 

and  found evidence  suggesting  latent embryonic abnormalities associated with water 

temperature  exposure  to  pre‐spawning  adults  occurs  at  63.5°F  to  66.2°F.   Also,  64°F 

represents a mid‐point value between the water temperature index values of 60°F and 

68°F.  An  index  value  of  68°F  was  established  because  the  literature  suggests  that 

thermal stress at water temperatures greater than or equal to 68°F  is pronounced, and 

severe  adverse  effects  to  immigrating  and  holding  pre‐spawning  adults,  including 

mortality, can be expected (Berman 1990; Marine 1997; NMFS 1997b).  Because potential 

effects  to  immigrating  and  holding  adult Chinook  salmon  reportedly  occur  at water 

temperatures  greater  than  or  equal  to  68°F,  index  values  higher  than  68°F were  not 

established.  

1.2 Spawning and Embryo Incubation 
The adult spawning and embryo  (i.e., eggs and alevins)  incubation  life stage  includes 

redd construction, egg deposition, and embryo incubation.  Potential effects to the adult 
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spawning  and  embryo  incubation  life  stages  are  evaluated  together using  one  set  of 

water  temperature  index values because  it  is difficult  to  separate  the  effects of water 

temperature  between  life  stages  that  are  closely  linked  temporally,  especially 

considering that studies describing how water temperature affects embryonic survival 

and development  based  on  varying water  temperature  treatments  on  holding  adults 

often  report  similar  results  to water  temperature experiments  conducted on  fertilized 

eggs (Marine 1992; McCullough 1999; Seymour 1956). 

Water temperature index values were selected from a comprehensive literature review 

for Chinook salmon eggs during spawning and incubation (Table A‐2).  Relative to the 

large  body  of  literature  pertaining  to water  temperature  effects  on  Chinook  salmon 

embryos,  few  laboratory  experiments  specifically  examine  Chinook  salmon  embryo 

survival under different constant or fluctuating water temperature treatments, only one 

of which  is  recent  (Combs  and  Burrows  1957; Hinze  1959;  Johnson  and  Brice  1953; 

Seymour 1956; USFWS et al. 1999).   In  large part, supporting evidence for  index value 

selections was derived from the aforementioned laboratory studies and from regulatory 

documents  (NMFS  1993b; NMFS  1997b; NMFS  2002a).    Field  studies  reporting  river 

water  temperatures during spawning also were considered  (Dauble and Watson 1997; 

Groves and Chandler 1999). 

The water temperature index values selected to evaluate the Chinook salmon spawning 

and  embryo  incubation  life  stages  are  56ºF,  58ºF,  60ºF,  and  62ºF.  Some  literature 

suggests  that water  temperatures must  be  less  than  or  equal  to  56°F  for maximum 

survival  of  Chinook  salmon  embryos  (i.e.,  eggs  and  alevins)  during  spawning  and 

incubation.  (NMFS  1993b)  reported  that  optimum  water  temperatures  for  egg 

development are between 43°F and 56°F.  Reclamation (unpublished work) reports that 

water  temperatures  less  than  56°F  results  in  a  natural  rate  of mortality  for  fertilized 

Chinook salmon eggs.  USFWS (1995a) reported a water temperature range of 41.0ºF to 

56.0°F  for maximum  survival  of  eggs  and  yolk‐sac  larvae  in  the  Central  Valley  of 

California.  42.0ºF  to  56.0°F  was  suggested  as  the  preferred  water  temperature  for 

Chinook  salmon  egg  incubation  in  the  Sacramento  River  (NMFS  1997a).  Alevin 

mortality  is  reportedly  significantly  higher  when  Chinook  salmon  embryos  are 

incubated  at water  temperatures  above  56°F  (USFWS  1999).   NMFS  (2002a)  reported 

56.0°F as the upper limit of suitable water temperatures for spring‐run Chinook salmon 

spawning in the Sacramento River.  The 56°F water temperature index value established 

for the Chinook salmon spawning and embryo  incubation  life stage  is the  index value 

generally  reported  in  the  literature  as  the  upper  limit  of  the  optimal  range  for  egg 

development and the upper limit of the range reported to provide maximum survival of 

eggs and yolk‐sac larvae in the Central Valley of California.  Increasing levels of thermal 

stress  to  this  life  stage  may  reportedly  occur  above  the  56°F  water  temperature  

index value. 
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Table A‐2.  Chinook  Salmon  Spawning  and  Embryo  Incubation Water  Temperature  Index  Values  and  the 

Literature Supporting Each Value 

Index Value  Supporting Literature 

56°F 
a
 

Less  than  56°F  results  in  a  natural  rate  of  mortality  for  fertilized  Chinook  salmon  eggs  (Reclamation 

Unpublished Work).  Optimum water temperatures for egg development are between 43°F and 56°F (NMFS 

1993b).  Upper value of the water temperature range (i.e., 41.0°F to 56.0°F) suggested for maximum survival 

of eggs and yolk‐sac larvae in the Central Valley of California (USFWS 1995b).  Upper value of the range (i.e., 

42.0°F  to  56.0°F)  given  for  the  preferred  water  temperature  for  Chinook  salmon  egg  incubation  in  the 

Sacramento River  (NMFS 1997a).    Incubation  temperatures above 56°F  result  in  significantly higher alevin 

mortality  (USFWS 1999).   56.0°F  is  the upper  limit of  suitable water  temperatures  for  spring‐run Chinook 

salmon spawning  in  the Sacramento River  (NMFS 2002a).   Water  temperatures averaged 56.5°F during  the 

week of fall‐run Chinook salmon spawning initiation on the Snake River (Groves and Chandler 1999).  

58°F 

Upper  value  of  the  range  given  for  preferred water  temperatures  (i.e.,  53.0°F  to  58.0°F)  for  eggs  and  fry 

(NMFS  2002a).    Constant  egg  incubation  temperatures  between  42.5°F  and  57.5°F  resulted  in  normal 

development  (Combs  and Burrows  1957).   The natural  rate of mortality  for  alevins occurs  at  58°F or  less 

(Reclamation Unpublished Work).  

60°F 

100 percent mortality occurs during yolk‐sac stage when embryos are incubated at 60°F (Seymour 1956).  An 

October 1  to October 31 water  temperature criterion of  less  than or equal  to 60°F  in  the Sacramento River 

from Keswick Dam to Bend Bridge has been determined for protection of  late  incubating  larvae and newly 

emerged fry (NMFS 1993b).  Mean weekly water temperature at first observed Chinook salmon spawning in 

the Columbia River was 59.5°F (Dauble and Watson 1997).  Consistently higher egg losses resulted at water 

temperatures above 60.0°F than at lower temperatures (Johnson and Brice 1953). 

62°F 

100  percent mortality  of  fertilized Chinook  salmon  eggs  after  12  days  at  62°F  (Reclamation Unpublished 

Work).  Incubation temperatures of 62ºF to 64°F appear to be the physiological limit for embryo development 

resulting in 80 to 100 percent mortality prior to emergence (USFWS 1999).  100 percent loss of eggs incubated 

at water  temperatures above 62°F  (Hinze 1959).   100 percent mortality occurs during yolk‐sac  stage when 

embryos are incubated at 62.5°F (Seymour 1956) 

a  The 56°F water temperature index value established for the Chinook salmon spawning and embryo incubation life stage is 

the  index value generally  reported  in  the  literature as  the upper  limit of  the optimal  range  for egg development and  the 

upper  limit  of  the  range  reported  to  provide maximum  survival  of  eggs  and  yolk‐sac  larvae  in  the  Central  Valley  of 

California.    Increasing  levels  of  thermal  stress  to  this  life  stage may  reportedly  occur  above  the  56°F water  temperature 

index value. 

High  survival  of  Chinook  salmon  embryos  also  has  been  suggested  to  occur  at 

incubation  temperatures  at  or  near  58.0°F.    For  example,  (Reclamation Unpublished 

Work)  reported  that  the  natural  rate  of mortality  for  alevins  occurs  at  58°F  or  less.  

Combs  (1957) concluded constant  incubation  temperatures between 42.5°F and 57.5°F 

resulted  in normal development of Chinook salmon eggs, and NMFS (2002a) suggests 

53.0°F to 58.0°F is the preferred water temperature range for Chinook salmon eggs and 

fry.    Johnson  (1953)  found  consistently higher Chinook  salmon  egg  losses  resulted at 

water  temperatures above 60.0°F  than at  lower  temperatures.    In order  to protect  late 

incubating  Chinook  salmon  embryos  and  newly  emerged  fry  NMFS  (1993a)  has 

determined a water temperature criterion of less than or equal to 60.0°F be maintained 

in the Sacramento River from Keswick Dam to Bend Bridge from October 1 to October 

31.   However,  Seymour  (1956)  provides  evidence  that  100% mortality  occurs  to  late 

incubating Chinook salmon embryos when held at a constant water temperature greater 

than or equal to 60.0°F.  The literature largely agrees that 100% mortality will result to 

Chinook  salmon  embryos  incubated  at water  temperatures  greater  than  or  equal  to 
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62.0°F  (Hinze  1959;  Seymour  1956; USFWS  1999),  therefore,  it was  not  necessary  to 

select index values above 62°F.  Similarly, mortality to spawning adult Chinook salmon 

prior  to  egg  deposition  (Berman  1990;  Marine  1992)  reportedly  occurs  at  water 

temperatures  above  those  at which  embryo mortality  results  (i.e.,  62°F)  (Hinze  1959; 

Reclamation 2003; Seymour 1956; USFWS 1999);  therefore, an  index value above 62°F 

was not required.   

1.3 Juvenile Rearing and Smolt Emigration 
Water temperature index values were selected from a comprehensive literature review 

for  juvenile rearing and smolt emigration (Table A‐3).  The lowest index value of 60°F 

was chosen because regulatory documents as well as several source studies,  including 

ones recently conducted on Central Valley Chinook salmon fry, fingerlings, and smolts, 

report 60°F as an optimal water  temperature  for growth  (Banks  et al. 1971; Brett  et al. 

1982; Marine 1997; NMFS 1997b; NMFS 2000; NMFS 2001a; NMFS 2002a; Rich 1987b).  

Water  temperatures  below  60°F  also  have  been  reported  as  providing  conditions 

optimal  for  fry and  fingerling growth, but were not selected as  index values, because 

the  studies were  conducted  on  fish  from  outside  of  the  Central  Valley  (Brett  1952; 

Seymour  1956).    Studies  conducted  using  local  fish  may  be  particularly  important 

because Oncorhynchus  species  show  considerable  variation  in morphology,  behavior, 

and physiology along  latitudinal gradients  (Myrick 1998; Taylor 1990b; Taylor 1990a).  

More specifically, it has been suggested that salmonid populations in the Central Valley 

prefer higher water temperatures than those from more northern latitudes (Myrick and 

Cech 2000).   

The 60°F water  temperature  index value established  for  the Chinook  salmon  juvenile 

rearing  and  smolt  emigration  life  stage  is  the  index  value  generally  reported  in  the 

literature as  the upper  limit of  the optimal  range  for  fry and  juvenile growth and  the 

upper limit of the preferred range for growth and development of spring‐run Chinook 

salmon  fry  and  fingerlings.    Increasing  levels of  thermal  stress  to  this  life  stage may 

reportedly occur above the 60°F water temperature index value. 

Laboratory  experiments  suggest  that water  temperatures  at  or  below  62.6°F  provide 

conditions  that  allow  for  successful  transformation  to  the  smolt  stage  (Clarke  and 

Shelbourn 1985; Marine 1997; Zedonis and Newcomb 1997).   62.6°F was rounded and 

used to support an index value of 63°F.  65°F was selected as an index value because it 

represents an intermediate value between 64.0°F and 66.2°F, at which both adverse and 

beneficial effects  to  juvenile  salmonids have been  reported  to occur.   For example, at 

temperatures approaching and beyond 65°F, sub‐lethal effects associated with increased 

incidence of disease reportedly become severe for juvenile Chinook salmon (EPA 2003a; 

Johnson  and  Brice  1953;  Ordal  and  Pacha  1963;  Rich 1987a).  Conversely, numerous 
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Table A‐3.  Chinook Salmon Juvenile Rearing and Smolt Emigration Water Temperature Index Values and the 

Literature Supporting Each Value 

Index Value  Supporting Literature 

60°F 
a
 

Optimum water  temperature  for Chinook  salmon  fry growth  is between 55.0°F and 60°F  (Seymour 1956).  

Water  temperature range  that produced optimum growth  in  juvenile Chinook salmon was between 54.0°F 

and 60.0°F  (Rich 1987b).   Water  temperature  criterion of  less  than or equal  to 60.0°F  for  the protection of 

Sacramento River winter‐run Chinook  salmon  from Keswick Dam  to Bend Bridge  (NMFS 1993b).   Upper 

optimal water  temperature  limit  of  61°F  for  Sacramento  River  fall‐run  Chinook  salmon  juvenile  rearing 

(Marine 1997; Marine and Cech 2004).   Upper water  temperature  limit of 60.0°F preferred  for growth and 

development  of  spring‐run  Chinook  salmon  fry  and  fingerlings  (NMFS  2000; NMFS  2002a).    To  protect 

salmon fry and  juvenile Chinook salmon in the upper Sacramento River, daily average water temperatures 

should not exceed 60°F after September 30 (NMFS 1997b).  A water temperature of 60°F appeared closest to 

the  optimum  for  growth  of  fingerlings  (Banks  et  al.  1971).   Optimum  growth  of Nechako River Chinook 

salmon  juveniles would occur at 59°F at a  feeding  level  that  is 60 percent of  that  required  to satiate  them 

(Brett et al. 1982).  In a laboratory study, juvenile fall‐run Chinook salmon from the Sacramento River reared 

in water  temperatures between  70°F and 75°F  experienced  significantly decreased growth  rates,  impaired 

smoltification  indices, and  increased predation vulnerability compared with  juveniles reared between 55°F 

and 61°F  (Marine 1997; Marine and Cech 2004).    Indirect evidence  from  tagging  studies  suggests  that  the 

survival of fall‐run Chinook salmon smolts decreases with increasing water temperatures between 59°F and 

75°F in the Sacramento‐San Joaquin Delta (Kjelson and Brandes 1989). 

63°F 

Acceleration and inhibition of Sacramento River Chinook salmon smolt development reportedly may occur 

at water temperatures above 63°F (Marine 1997; Marine and Cech 2004).   Laboratory evidence suggest that 

survival  and  smoltification  become  compromised  at  water  temperatures  above  62.6°F  (Zedonis  and 

Newcomb 1997).  Juvenile Chinook salmon growth was highest at 62.6°F (Clarke and Shelbourn 1985). 

65°F 

Water  temperatures  between  45°F  to  65°F  are preferred  for  growth  and development  of  fry  and  juvenile 

spring‐run Chinook salmon  in  the Feather River  (NMFS 2002a).   Recommended  summer maximum water 

temperature of  64.4°F  for migration  and non‐core  rearing  (EPA  2003b).   Water  temperatures greater  than 

64.0°F are considered not  ʺproperly  functioning” by NMFS  in Amendment 14  to  the Pacific Coast Salmon 

Plan  (NMFS 1995).   Fatal  infection  rates  caused by C.  columnaris are high at  temperatures greater  than or 

equal  to  64.0°F  (EPA  2001).   Disease mortalities diminish  at water  temperatures below  65.0°F  (Ordal  and 

Pacha 1963).   Fingerling Chinook salmon  reared  in water greater  than 65.0°F contracted C.  columnaris and 

exhibited  high mortality  (Johnson  and  Brice  1953).   Water  temperatures  greater  than  64.9°F  identified  as 

being  stressful  in  the Columbia River Ecosystem  (Independent  Scientific Group  1996).    Juvenile Chinook 

salmon have an optimum  temperature  for growth  that appears  to occur at about 66.2°F  (Brett  et al. 1982).  

Juvenile Chinook salmon reached a growth maximum at 66.2°F (Cech and Myrick 1999).  Optimal range for 

Chinook  salmon  survival  and  growth  from  53.0°F  to  64.0°F  (USFWS  1995b).    Survival  of Central Valley 

juvenile Chinook  salmon declines at  temperatures greater  than 64.4°F  (Myrick and Cech 2001).    Increased 

incidence of disease, reduced appetite, and reduced growth rates at 66.2 1.4 (Rich 1987b) 

68°F 

Sacramento River  juvenile Chinook  salmon  reared  at water  temperatures  greater  than  or  equal  to  68.0°F 

suffer reductions in appetite and growth (Marine 1997; Marine and Cech 2004).  Significant inhibition of gill 

sodium ATPase activity and associated reductions of hyposmoregulatory capacity, and significant reductions 

in growth rates, may occur when chronic elevated temperatures exceed 68°F (Marine 1997; Marine and Cech 

2004).  Water temperatures supporting smoltification of fall‐run Chinook salmon range between 50°F to 68°F, 

the  colder  temperatures  represent more  optimal  conditions  (50°F  to  62.6°F),  and  the warmer  conditions 

(62.6°F to 68°F) represent marginal conditions  (Zedonis and Newcomb 1997).   Juvenile spring‐run Chinook 

salmon were not found in areas having mean weekly water temperatures between 67.1°F and 71.6°F (Burck 

et al. 1980; Zedonis and Newcomb 1997).   Results  from a study on wild spring‐run Chinook salmon  in  the 

John  Day  River  system  indicate  that  juvenile  fish were  not  found  in  areas  having mean weekly water 

temperatures between 67.1°F and 72.9°F (McCullough 1999; Zedonis and Newcomb 1997). 

70°F 

No growth at all would occur for Nechako River juvenile Chinook salmon at 70.5°F (Brett et al. 1982; Zedonis 

and Newcomb 1997).    Juvenile  spring‐run Chinook  salmon were not  found  in areas having mean weekly 

water temperatures between 67.1°F and 71.6°F (Burck et al. 1980; Zedonis and Newcomb 1997).  Results from 

a study on wild spring‐run Chinook salmon in the John Day River system indicate that juvenile fish were not 

found  in  areas  having mean weekly water  temperatures  between  67.1°F  and  72.9°F  (McCullough  1999; 

Zedonis and Newcomb 1997).  Increased incidence of disease, hyperactivity, reduced appetite, and reduced 

growth  rates  at  69.8  +1.8  (Rich  1987b).    In  a  laboratory  study,  juvenile  fall‐run Chinook  salmon  from  the 

Sacramento River reared  in water temperatures between 70°F and 75°F experienced significantly decreased 

growth rates, impaired smoltification indices, and increased predation vulnerability compared with juveniles 

reared between 55°F and 61°F (Marine 1997; Marine and Cech 2004). 
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Index Value  Supporting Literature 

75°F 

For juvenile Chinook salmon in the lower American River fed maximum rations under laboratory conditions, 

75.2ºF was determined  to be 100 percent  lethal due  to hyperactivity and disease  (Rich 1987b; Zedonis and 

Newcomb 1997).  Lethal temperature threshold for fall‐run juvenile Chinook salmon between 74.3 and 76.1°F 

(McCullough  1999).    In  a  laboratory  study,  juvenile  fall‐run Chinook  salmon  from  the  Sacramento River 

reared  in  water  temperatures  between  70°F  and  75°F  experienced  significantly  decreased  growth  rates, 

impaired  smoltification  indices,  and  increased  predation  vulnerability  compared  with  juveniles  reared 

between 55°F and 61°F (Marine 1997; Marine and Cech 2004). 
a  The 60°F water temperature index value established for the Chinook salmon juvenile rearing and smolt emigration life stage 

is the index value generally reported in the literature as the upper limit of the optimal range for fry and juvenile growth and 

the upper limit of the preferred range for growth and development of juvenile Chinook salmon.  Increasing levels of thermal 

stress to this life stage may reportedly occur above the 60°F water temperature index value. 

studies report that temperatures between 64.0°F and 66.2°F provide conditions ranging 

from suitable to optimal for juvenile Chinook salmon growth (Brett et al. 1982; Cech and 

Myrick 1999; EPA 2003a; Myrick and Cech 2001; NMFS 2002a; USFWS 1995a).  68°F was 

selected as an index value because, at water temperatures above 68°F, sub‐lethal effects 

become  severe  such  as  reductions  in  appetite  and  growth  of  juveniles,  as  well  as 

prohibiting successful smoltification (Marine 1997; Rich 1987a; Zedonis and Newcomb 

1997).  Chronic  stress  associated  with  water  temperature  can  be  expected  when 

conditions  reach  the  index  value  of  70°F.    For  example,  growth  becomes  drastically 

reduced  at  temperatures  close  to  70.0°F  and  has  been  reported  to  be  completely 

prohibited  at  70.5°F  (Brett  et  al.  1982; Marine  1997).    75°F was  chosen  as  the highest 

water  temperature  index  value  because  high  levels  of  direct  mortality  to  juvenile 

Chinook salmon reportedly result at this water temperature (Rich 1987b).  Other studies 

have suggested higher upper lethal water temperature levels (Brett 1952; Orsi 1971), but 

75°F  was  chosen  because  it  was  derived  from  experiments  using  Central  Valley 

Chinook salmon and  it  is a more rigorous  index value representing a more protective 

upper lethal water temperature level.  Furthermore, the lethal level determined in Rich 

(Rich 1987b) was derived using  slow  rates of water  temperature  change and,  thus,  is 

ecologically relevant.  Additional support for an index value of 75°F is provided from a 

study  conducted  by  (Baker  et  al.  1995)  in which  a  statistical model  is presented  that 

treats survival of Chinook salmon smolts fitted with coded wire tags in the Sacramento 

River  as  a  logistic  function  of water  temperature.   Using  data  obtained  from mark‐

recapture surveys, the statistical model suggests a 95% confidence interval for the upper 

incipient lethal water temperature for Chinook salmon smolts as 71.5°F to 75.4°F. 
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2 STEELHEAD 

2.1 Adult Immigration and Holding 
Water temperatures can control the timing of adult spawning migrations and can affect 

the viability of eggs in holding females.  Few studies have been published that examine 

the effects of water temperature on either steelhead immigration or holding, and none 

have been  recent  (Bruin and Waldsdorf 1975; McCullough  et  al. 2001).   The available 

studies  suggest  that  adverse  effects  occur  to  immigrating  and  holding  steelhead  at 

water temperatures exceeding the mid 50°F range, and that immigration will be delayed 

if water  temperatures  approach  approximately  70°F  (Table A‐4).   Water  temperature 

index values of 52°F, 56°F, and 70°F were chosen because: (1) they incorporate a range 

of values that provide PFC to conditions that are highly adverse; and (2) the available 

literature provided  the  strongest  support  for  these values.   Because of  the paucity of 

literature  pertaining  to  steelhead  adult  immigration  and  holding,  an  evenly  spaced 

range of water temperature index values could not be achieved.  52°F was selected as a 

water  temperature  index  value  because  it  has  been  referred  to  as  a  “recommended” 

(Reclamation  2003),  “preferred”  (NMFS  2002a),  and  “optimum”  (Reclamation  1997a) 

water temperature for steelhead adult immigration.  Increasing levels of thermal stress 

to  this  life stage may reportedly occur above  the 52°F water  temperature  index value. 

56°F was selected as a water temperature index value because 56°F represents a water 

temperature above which adverse effects  to migratory and holding steelhead begin  to 

arise  (Leitritz  and  Lewis  1980; McCullough  et  al.  2001;  Smith  et  al.  1983).    70°F was 

selected as  the highest water  temperature  index value because  the  literature  suggests 

that  water  temperatures  near  and  above  70.0°F  present  a  thermal  barrier  to  adult 

steelhead migrating upstream (McCullough et al. 2001). 

Table A‐4.  Steelhead Adult Immigration and Holding Water Temperature Index Values and the Literature 

Supporting Each Value 

Index Value  Supporting Literature 

52°F 
a
 

Preferred  range  for  adult  steelhead  immigration  of  46.0°F  to  52.0°F  (NMFS  2000; NMFS  2001a;  SWRCB 

2003).    Optimum  range  for  adult  steelhead  immigration  of  46.0°F  to  52.1°F  (Reclamation  1997a).  

Recommended adult steelhead immigration temperature range of 46.0°F to 52.0°F (Reclamation 2003). 

56°F 

To  produce  rainbow  trout  eggs  of  good  quality,  brood  fish  must  be  held  at  water  temperatures  not 

exceeding 56.0°F (Leitritz and Lewis 1980).   Rainbow trout brood fish must be held at water temperatures 

not exceeding 56°F for a period of 2 to 6 months before spawning to produce eggs of good quality (Bruin 

and Waldsdorf 1975).   Holding migratory fish at constant water temperatures above 55.4°F to 60.1°F may 

impede spawning success (McCullough et al. 2001). 

70°F 

Migration  barriers  have  frequently  been  reported  for  pacific  salmonids when water  temperatures  reach 

69.8°F  to  71.6°F  (McCullough  et  al.  2001).    Snake River  adult  steelhead  immigration was  blocked when 

water temperatures reached 69.8 (McCullough et al. 2001).  A water temperature of 68°F was found to drop 

egg fertility in vivo to 5 percent after 4.5 days (McCullough et al. 2001). 

a  The 52°F water temperature index value established for the steelhead adult immigration and holding life stage is the index 

value generally  reported  in  the  literature as  the upper  limit of either  the  recommended, preferred, or optimum  range  for 

steelhead  immigration.    Increasing  levels  of  thermal  stress  to  this  life  stage may  reportedly  occur  above  the  52°F water 

temperature index value. 
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2.2 Spawning and Embryo Incubation 
Relatively  few  studies  have  been  published  directly  addressing  the  effects  of water 

temperature on steelhead spawning and embryo incubation (Redding and Schreck 1979; 

Rombough 1988).   Because anadromous steelhead and non‐anadromous rainbow trout 

are genetically and physiologically similar, studies on non‐anadromous rainbow  trout 

also  were  considered  in  the  development  of  water  temperature  index  values  for 

steelhead  spawning  and  embryo  incubation  (Moyle  2002; McEwan  2001).    From  the 

available  literature, water  temperatures  in  the  low 50°F  range appear  to support high 

embryo  survival, with  substantial mortality  to  steelhead eggs  reportedly occurring at 

water temperatures in the high 50°F range and above (Table A‐5).  

Table A‐5.  Steelhead Spawning and Embryo Incubation Water Temperature Index Values and the Literature 

Supporting Each Value 

Index Value  Supporting Literature 

52°F 
a
 

Rainbow  trout  from Mattighofen  (Austria) had highest egg survival at 52.0°F compared  to 45.0°F, 59.4°F, 

and  66.0°F  (Humpesch  1985).    Water  temperatures  from  48.0°F  to  52.0°F  are  suitable  for  steelhead 

incubation and emergence in the American River and Clear Creek (NMFS 2000; NMFS 2001a; NMFS 2002a).  

Optimum water temperature range of 46.0°F to 52.0°F for steelhead spawning in the Central Valley (USFWS 

1995b).  Optimum water temperature range of 46.0°F to 52.1°F for steelhead spawning and 48.0°F to 52.1°F 

for steelhead egg incubation (Reclamation 1997a).  Upper limit of preferred water temperature of 52.0°F for 

steelhead spawning and egg incubation (SWRCB 2003).  

54°F 

Big Qualicum River steelhead eggs had 96.6 percent survival to hatch at 53.6°F (Rombough 1988).  Highest 

survival  from  fertilization  to  hatch  for  Salmo  gairdneri  incubated  at  53.6°F  (Kamler  and  Kato  1983).  

Emergent  fry were  larger when North Santiam River  (Oregon) winter  steelhead  eggs were  incubated  at 

53.6°F than at 60.8°F (Redding and Schreck 1979).  The upper optimal water temperature regime based on 

constant or  acclimation water  temperatures necessary  to  achieve  full protection of  steelhead  is  51.8°F  to 

53.6°F  (EPA 2001).   From  fertilization  to hatch, rainbow  trout eggs and  larvae had 47.3 percent mortality 

(Timoshina 1972).  Survival of rainbow trout eggs declined at water temperatures between 52.0 and 59.4°F 

(Humpesch 1985).   The optimal constant  incubation water  temperature  for steelhead occurs below 53.6°F 

(McCullough et al. 2001). 

57°F 
From fertilization to 50 percent hatch, Big Qualicum River steelhead had 93 percent mortality at 60.8°F, 7.7 

percent mortality at 57.2°F, and 1 percent mortality at 47.3°F and 39.2°F (Velsen 1987).  A sharp decrease in 

survival was observed for rainbow trout embryos incubated above 57.2°F (Kamler and Kato 1983).  

60°F 

From fertilization to 50 percent hatch, Big Qualicum River steelhead had 93 percent mortality at 60.8°F, 7.7 

percent mortality at 57.2°F, and 1 percent mortality at 47.3°F and 39.2°F (Velsen 1987).  From fertilization to 

50  percent  hatch,  rainbow  trout  eggs  from  Ontario  Provincial  Normendale  Hatchery  had  56  percent 

survival when incubated at 59.0°F (Kwain 1975). 

a The  52°F water  temperature  index value  established  for  the  steelhead  spawning  and  embryo  incubation  life  stage  is  the 

index value generally  reported  in  the  literature as  the upper  limit of  the optimal  range  for  steelhead  spawning,  embryo 

incubation, and  fry emergence.    Increasing  levels of  thermal stress  to  this  life stage may  reportedly occur above  the 52°F 

water temperature index value. 

Water  temperature  index  values  of  52°F,  54°F,  57°F,  and  60°F were  selected  for  two 

reasons.    First,  the  available  literature  provided  the  strongest  support  for  water 

temperature index values at or near 52°F, 54°F, 57°F, and 60°F.  Second, the index values 

reflect an  evenly distributed  range  representing  reported optimal  to  lethal  conditions 

for  steelhead  spawning  and  embryo  incubation.   Although  some  literature  suggests 
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water  temperatures  ≤  50°F  are  optimal  for  steelhead  spawning  and  embryo  survival 

(Myrick and Cech 2001; Timoshina 1972), a  larger body of  literature suggests optimal 

conditions  occur  at water  temperatures  ≤  52°F  (Humpesch  1985; NMFS  2000; NMFS 

2001a; NMFS 2002a; Reclamation 1997b; SWRCB 2003; USFWS 1995a).  Therefore, 52°F 

was selected as the lowest water temperature index value.  Increasing levels of thermal 

stress to the steelhead spawning and embryo incubation life stage may reportedly occur 

above the 52°F water temperature index value. 

54°F  was  selected  as  the  next  index  value,  because  although  most  of  the  studies 

conducted at or near 54.0°F report high survival and normal development (Kamler and 

Kato 1983; Redding and Schreck 1979; Rombough 1988),  some evidence  suggests  that 

symptoms of  thermal stress arise at or near 54.0°F  (Humpesch 1985; Timoshina 1972).  

Thus, water temperatures near 54°F may represent an inflection point between properly 

functioning water temperature conditions, and conditions that cause negative effects to 

steelhead  spawning  and  embryo  incubation.    57°F  was  selected  as  an  index  value 

because embryonic mortality  increases sharply and development becomes  retarded at 

incubation  temperatures  greater  than  or  equal  to  57.0°F.    Velsen  (1987)  provided  a 

compilation  of  data  on  rainbow  trout  and  steelhead  embryo mortality  to  50%  hatch 

under incubation temperatures ranging from 33.8°F to 60.8°F that demonstrated a two‐

fold  increase  in  mortality  for  embryos  incubated  at  57.2°F,  compared  to  embryos 

incubated  at  53.6°F.    In  a  laboratory  study using  gametes  from Big Qualicum River, 

Vancouver  Island,  steelhead mortality  increased  to  15%  at  a  constant  temperature  of 

59.0°F, compared  to  less  than 4% mortality at constant  temperatures of 42.8°F, 48.2°F, 

and  53.6°F  (Rombough  1988).    Also,  alevins  hatching  at  59.0°F  were  considerably 

smaller  and  appeared  less  well  developed  than  those  incubated  at  the  lower 

temperature treatments.  From fertilization to 50% hatch, Big Qualicum River steelhead 

had 93% mortality at 60.8°F, 7.7% mortality at 57.2°F, and 1% mortality at 47.3°F and 

39.2°F (Velsen 1987). 

2.3 Juvenile Rearing 
Like  other  salmonids,  growth,  survival,  and  successful  smoltification  of  juvenile 

steelhead  are  controlled  largely  by water  temperature.    The  duration  of  freshwater 

residence for  juvenile steelhead is long relative to that of Chinook salmon, making the 

juvenile life stage of steelhead more susceptible to the influences of water temperature, 

particularly during the over‐summer rearing period.  Central Valley juvenile steelhead 

have high growth  rates  at water  temperatures  in  the mid  60°F  range, but  reportedly 

require  lower water  temperatures  to  successfully  undergo  the  transformation  to  the 

smolt stage.  Water temperature index values of 65°F, 68°F, 72°F, and 75°F were selected 

to represent an evenly distributed range of  index values for steelhead  juvenile rearing 

(Table A‐6).  The lowest water temperature index value of 65°F was established because 
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NMFS (2002a) reported 65°F as the upper limit preferred for growth and development 

of  Sacramento  and American  River  juvenile  steelhead.   Also,  65°F was  found  to  be 

within the preferred water temperature range (i.e., 62.6°F to 68.0°F) and supported high 

growth of Nimbus strain  juvenile steelhead (Cech and Myrick 1999).   Increasing levels 

of  thermal  stress  to  this  life  stage  may  reportedly  occur  above  the  65°F  water 

temperature  index  value.    For  example,  Kaya  et  al.  (1977)  reported  that  the  upper 

avoidance water temperature for juvenile rainbow trout was measured at 68°F to 71.6°F. 

Cherry  et  al.  (1977)  observed  an upper preference water  temperature  near  68.0°F  for 

juvenile  rainbow  trout,  duplicating  the  upper  preferred  limit  for  juvenile  steelhead 

observed  in Cech  (1999).   Because of  the  literature describing 68.0°F as both an upper 

preferred and an avoidance limit for juvenile Oncorhynchus mykiss, 68°F was established 

as a water temperature index value.   

Table A‐6.  Steelhead Juvenile Rearing Water Temperature Index Values and the Literature 

Supporting Each Value 

Index Value  Supporting Literature 

65°F 
a
 

Upper  limit  of  65°F  preferred  for  growth  and  development  of  Sacramento  River  and  American  River 

juvenile  steelhead  (NMFS  2002a).   Nimbus  juvenile  steelhead  growth  showed  an  increasing  trend with 

water  temperature  to 66.2°F,  irrespective of  ration  level or  rearing  temperature  (Cech and Myrick 1999).  

The  final preferred water  temperature  for  rainbow  fingerlings was between  66.2  and  68°F  (Cherry  et  al. 

1977).  Nimbus  juvenile  steelhead  preferred  water  temperatures  between  62.6°F  and  68.0°F  (Cech  and 

Myrick 1999).   Rainbow  trout  fingerlings preferred or selected water  temperatures  in  the 62.6°F  to 68.0°F 

range (McCauley and Pond 1971). 

68°F 
a
 

Nimbus  juvenile  steelhead  preferred water  temperatures  between  62.6°F  and  68.0°F  (Cech  and Myrick 

1999).   The  final preferred water  temperature  for rainbow  trout  fingerlings was between 66.2°F and 68°F 

(Cherry  et  al. 1977).   Rainbow  trout  fingerlings preferred or  selected water  temperatures  in  the 62.6°F  to 

68.0°F  range  (McCauley  and Pond  1971).   The upper  avoidance water  temperature  for  juvenile  rainbow 

trout was measured at 68°F to 71.6°F (Kaya et al. 1977). 

72°F 

Increased  physiological  stress,  increased  agonistic  activity,  and  a  decrease  in  forage  activity  in  juvenile 

steelhead occur after ambient stream temperatures exceed 71.6F (Nielsen et al. 1994).  The upper avoidance 

water temperature for juvenile rainbow trout was measured at 68°F to 71.6°F (Kaya et al. 1977).  Estimates of 

upper  thermal  tolerance or avoidance  limits  for  juvenile rainbow  trout  (at maximum ration) ranged  from 

71.6°F to 79.9°F (Ebersole et al. 2001).  

75°F 

The maximum weekly average water temperature for survival of juvenile and adult rainbow trout is 75.2°F 

(EPA 2002).   Rearing steelhead  juveniles have an upper  lethal  limit of 75.0°F (NMFS 2001a).   Estimates of 

upper  thermal  tolerance or avoidance  limits  for  juvenile rainbow  trout  (at maximum ration) ranged  from 

71.6 to 79.9°F (Ebersole et al. 2001).  

a The  65°F  and  68°F water  temperature  index values  established  for  the  steelhead  juvenile  rearing  life  stage  are  the  index 

values generally reported in the literature as the upper limits of the preferred range for juvenile steelhead.  However, because 

68°F  also  has  been  reported  as  an  avoidance  temperature  for  juvenile  rainbow  trout,  65°F may  provide more  suitable 

conditions  for  steelhead  juvenile  rearing  than  68°F.    Therefore,  increasing  levels  of  thermal  stress  to  this  life  stage may 

reportedly occur above the 65°F water temperature index value. 



RIVER MANAGEMENT TEAM   TECHNICAL MEMORANDUM 

Lower Yuba River  66   November 2010 
Water Temperature Objectives 

A water temperature index value of 72°F was established because symptoms of thermal 

stress  in  juvenile  steelhead  have  been  reported  to  arise  at  water  temperatures 

approaching 72°F.   For example, physiological stress to  juvenile steelhead  in Northern 

California  streams was demonstrated by  increased gill  flare  rates, decreased  foraging 

activity,  and  increased  agonistic  activity  as  stream  temperatures  rose  above  71.6°F 

(Nielsen et al. 1994). Also, 72°F was selected as a water temperature index value because 

71.6°F has been  reported as an upper avoidance water  temperature  (Kaya  et  al. 1977) 

and  an upper  thermal  tolerance water  temperature  (Ebersole  et  al.  2001)  for  juvenile 

rainbow  trout.    The  highest water  temperature  index  value  of  75°F was  established 

because NMFS and EPA report that direct mortality to rearing juvenile steelhead results 

when stream temperatures reach 75.0°F (EPA 2002; NMFS 2001b). 

2.4 Smolt Emigration 
Laboratory  data  suggest  that  smoltification,  and  therefore  successful  emigration  of 

steelhead smolts is directly controlled by water temperature (Adams et al. 1975) (Table 

A‐7).   Water  temperature  index values of 52°F and 55°F were selected  to evaluate  the 

steelhead  smolt  emigration  life  stage,  because most  literature  on water  temperature 

effects on steelhead smolting suggest that water temperatures less than 52°F (Adams et 

al. 1975; Myrick and Cech 2001; Rich 1987a) or less than 55°F (EPA 2003a; McCullough 

et al. 2001; Wedemeyer et al. 1980; Zaugg and Wagner 1973) are required for successful 

smoltification  to  occur.    (Adams  et  al.  1973)  tested  the  effect  of water  temperature 

(43.7°F, 50.0°F, 59.0°F or 68.0°F) on the  increase of gill microsomal Na+‐, K+‐stimulated 

ATPase  activity  associated with  parr‐smolt  transformation  in  steelhead  and  found  a 

two‐fold  increase  in Na+‐, K+‐ATPase  at  43.7  and  50.0°C, but no  increase  at  59.0°F or 

68.0°F.    In  a  subsequent  study,  the  highest  water  temperature  where  a  parr‐smolt 

transformation occurred was at 52.3°F (Adams et al. 1975).   The results of Adams et al. 

(1975)  were  reviewed  in  Myrick  and  Cech  (2001)  and  Rich  (1987b),  which  both 

recommended  that  water  temperatures  below  52.3°F  are  required  to  successfully 

complete  the  parr‐smolt  transformation.    The  52°F  water  temperature  index  value 

established  for  the  steelhead  smolt  emigration  life  stage  is  the  index  value  generally 

reported  in  the  literature  as  the  upper  limit  of  the  water  temperature  range  that 

provides  successful  smolt  transformation  thermal  conditions.    Increasing  levels  of 

thermal stress to this life stage may reportedly occur above the 52°F water temperature 

index value.   

Zaugg and Wagner (1973) examined the influence of water temperature on gill ATPase 

activity  related  to  parr‐smolt  transformation  and migration  in  steelhead  and  found 

ATPase activity was decreased and migration reduced when juveniles were exposed to 

water temperatures of 55.4°F or greater.  In a technical document prepared by the EPA 

to provide temperature water quality standards for the protection of Northwest native 
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salmon and trout, water temperatures  less than or equal to 54.5°F were recommended 

for emigrating juvenile steelhead (EPA 2003b).   

Table A‐7.  Steelhead Smolt Emigration Water Temperature Index Values and the Literature Supporting Each 

Value 

Index Value  Supporting Literature 

52°F 
a
 

Steelhead successfully smolt at water temperatures in the 43.7°F to 52.3°F range (Myrick and Cech 2001).  

Steelhead undergo the smolt transformation when reared in water temperatures below 52.3°F, but not at 

higher  water  temperatures  (Adams  et  al.  1975).    Optimum  water  temperature  range  for  successful 

smoltification in young steelhead is 44.0°F to 52.3°F (Rich 1987a).  

55°F 

ATPase activity was decreased and migration reduced for steelhead at water temperatures greater than or 

equal  to 55.4°F  (Zaugg and Wagner 1973).   Water  temperatures should be below 55.4°F at  least 60 days 

prior to release of hatchery steelhead to prevent premature smolting and desmoltification (Wedemeyer et 

al. 1980).  In winter steelhead, a temperature of 54.1°F is nearly the upper limit for smolting (McCullough 

et  al. 2001; Zaugg and Wagner 1973).   Water  temperatures  less  than or  equal  to 54.5°F are  suitable  for 

emigrating  juvenile  steelhead  (EPA 2003b).   Water  temperatures greater  than 55°F prevent  increases  in 

ATPase activity in steelhead  juveniles (Hoar 1988).  Water temperatures greater than 56°F do not permit 

smoltification in summer steelhead (Zaugg et al. 1972) 

59°F 
Yearling  steelhead  held  at  43.7°F  and  transferred  to  59°F  had  a  substantial  reduction  in  gill ATPase 

activity,  indicating that physiological changes associated with smoltification were reversed (Wedemeyer 

et al. 1980). 

a The  52°F water  temperature  index  value  established  for  the  steelhead  smolt  emigration  life  stage  is  the  index  value 

generally  reported  in  the  literature  as  the  upper  limit  of  the water  temperature  range  that  provides  successful  smolt 

transformation  thermal conditions.    Increasing  levels of  thermal stress  to  this  life stage may  reportedly occur above  the 

52°F water temperature index value. 
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Study 7.3 

ESA-LISTED AMPHIBIANS –  
CALIFORNIA RED-LEGGED FROG 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect California red-
legged frog (CRLF) (Rana draytonii), a species listed as threatened under the federal Endangered 
Species Act (ESA). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes one agency has jurisdiction over ESA-listed amphibians: 1) the United States 
Department of Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to develop information concerning CRLF associated with reservoirs, 
ponds within the existing Federal Energy Regulatory Commission (FERC) Project Boundary, 
and stream reaches potentially affected by the Project, and assess potential effects. 
 
The objectives of this study are to: 
 
 Identify and map known occurrences of CRLF and the distribution of suitable habitats for 

CRLF. 

 Evaluate the likelihood that CRLF currently exists in the FERC Project Boundary using 
habitat assessments and historical records. 

 If deemed warranted by USFWS at specific locations, perform CRLF surveys to document 
whether CRLF occurs at that location. 

 Compile incidental observations of CRLF observations from other aquatic studies. 
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 Through incidental observations, document the presence and provide estimates of number of 
exotic species (e.g., bullfrogs, non-native crayfish, bass, catfish, or mosquito fish) (USFWS 
2002), which may limit the occurrence of CRLF in otherwise suitable habitats. 

 Develop information on Project-affected streams or non-stream areas to allow for evaluation 
of potential Project-related effects on CRLF populations. 

 Provide information that can be used to develop PM&E measures. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of CRLF 
in the Project Vicinity1 is available from California Natural Diversity Database (CNDDB), the 
USFWS, and other sources.  This information and a life history description of CRLF, included in 
Section 7.7 of the Preliminary Information Package (PIP) (YCWA 2009), are useful in 
identifying preferred habitats and documenting where the species has been found to date.  Table 
4.0-1 summarizes CRLF habitat requirements by life stage, and briefly summarizes historically 
known occurrences in the Project Vicinity. 
 
Table 4.0-1.  California red-legged frog habitat requirements by life stage and summary of records 
in Project Vicinity. 

Egg Masses Larvae Juveniles and Adults Occurrence in Project Vicinity1 

In ponds or backwater pools 
of streams, usually attached to 
emergent vegetation (cattail 
and bulrush). Sometimes 
found at sites without 
emergent vegetation (e.g., 
some stock ponds). The 
presence of dense riparian 
vegetation (particularly 
willows) is also a positive 
indicator of suitable breeding 
habitat.  Permanently or 
seasonally flooded water 
bodies may be used. 

Same habitat as eggs; 
also in slow-moving, 
shallow riffle zones, 
and shallow margins of 
pools.  Larvae spend 
most time in 
submergent vegetation 
or organic debris.   

Frogs may stay at breeding sites or 
move to summer habitats. Emergent 
and/or riparian vegetation, undercut 
banks, semi-submerged root masses; 
open grasslands with seeps or 
springs with dense growths of 
woody riparian vegetation, willows; 
cattail, bulrush, and willow are good 
indicators for suitable habitat. 
Associated with deep (<0.7 – 1.5 m), 
still or slow-moving water. Juveniles 
prefer open, shallow aquatic habitats 
with dense submergent vegetations. 

CNDDB (2009) reports the occurrence 
of CRLF at one location in the Project 
Vicinity: Little Oregon Creek (east of 
Oregon Hill Road). The site is 
described as two spring-fed tailings 
ponds near Little Oregon Creek which 
were covered by dense blackberry 
scrub vegetation prior to a fire in 1999 
(CRLF were discovered at the site in 
2000).  USFWS (2006) has designated 
critical habitat for CRLF (habitat unit 
YUB-1) associated with this 
occurrence. 

Records were reviewed from the following sources: CAS (2009), CDFG (2009), MVZ (2009), USFWS (2005), and Vindum and Koo (1999). 

 
 
The historical range of the CRLF includes the west slope foothills of the Sierra Nevada Range, 
although there are only eight known extant populations in the Sierra Nevada region, most of 
which contain few adults (Shaffer et al. 2004, USFWS 2006, Tatarian and Tatarian 2010). 
 
CRLF is primarily associated with perennial ponds or pools, and perennial or seasonal streams 
where water remains long enough for breeding and development of young to occur (i.e., a 
minimum of 20 weeks) (Jennings and Hayes 1994, USFWS 2006).  The absence or near-absence 
of introduced predators such as American bullfrog (Lithobates [Rana] catesbeianus) and 
predatory fish, particularly centrarchids (i.e., bass and sunfishes), is generally predictive of 
                                                 
1  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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habitat quality (Hayes and Jennings 1988).  Freshwater wetlands, plunge pools in intermittent 
streams, seeps, and springs that are not suitable for breeding may provide habitat for aestivation, 
shelter, foraging, predator avoidance, and juvenile dispersal.  During wet periods, long distance 
dispersal of up to a mile may occur between aquatic habitats, which may require traversing 
upland habitats or ephemeral drainages (USFWS 2006). 
 
YCWA has implemented measures to minimize potential effects of Project-related recreation on 
CRLF in the vicinity of the Little Oregon Creek population. The existing Project recreation plan 
includes annual gated closure of Moran Road from October 15 – May 1 to protect CRLF, as well 
as bald eagle and to assure public safety. 
 
Existing information is not adequate to meet the goal of the study.  Information necessary to 
address the study goal includes a site specific assessment of habitat suitability for CRLF and, if 
determined to be warranted during consultation with USFWS under the ESA, results of protocol-
level surveys for CRLF (USFWS 2005) occurrence in relation to Project facilities and normal 
O&M activities that might affect CRLF. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For consultation under the ESA, the USFWS describes a “project action area” as the area directly 
or indirectly affected by the proposed action.  This area will usually be larger than the “project 
footprint” and should cover the range of impacts.  For the purposes of YCWA’s Project, the 
proposed project action area is 1 mile area around Project developments, including Project-
affected reaches.  For the purpose of this study, this includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the North Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, 4) the portion of the 
Yuba River from the confluence of the North and Middle Yuba rivers to the United States Army 
Corps of Engineer’s (USACE) Englebright Reservoir; and 5) the Yuba River from USACE’s 
Englebright Dam to USACE’s Daguerre Point Dam.  These boundaries coincide with USFWS 
guidelines for CRLF habitat assessment and surveys (USFWS 2005), which advise a one-mile 
radius around the normal high water line. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
Described below is the approach to complete a protocol-level site assessment and survey for 
CRLF. 
 
5.3.1 Step 1 – Field Reconnaissance and Site Assessments 
 
Known occurrences of CRLF within the study area will first be identified and mapped, based on 
agency consultation, museum records, and other existing information.  Locations of habitats in 
the study area potentially suitable for CRLF breeding will then be identified and mapped based 
on review of existing aerial photography and videography, National Wetland Inventory (NWI) 
maps, on-the-ground photographs, and other pertinent resource agency GIS layers as available.  
Other aquatic habitats potentially affected by the Project that may be utilized by CRLF for 
dispersal, foraging, or predator avoidance will also be identified and mapped. 
 
After habitat mapping is completed, a field reconnaissance of potentially suitable aquatic habitat 
will be conducted in accordance with Revised Guidance on Site Assessments and Field Surveys 
for the California Red-legged Frog (USFWS 2005).  YCWA will select locations in the study 
area for site evaluations in order to further characterize habitats.  A Habitat Site Assessment Data 
Sheet (Appendix D of USFWS 2005) will be completed at each site that is examined, along with 
photographs depicting habitat and other notable findings.  Potential habitats assessed in the field 
will be photographed from opposite directions, both up and down drainage, if possible, in order 
to document seasonal cover and foraging habitat adjacent to aquatic habitat.  Areas that do not 
appear to represent suitable habitat will not be field examined but will instead be characterized 
from aerial imagery, existing site photographs, and other existing descriptive information.  CRLF 
are typically associated with low gradient streams (Hayes and Jennings 1988), backwaters, and 
lentic habitat with emergent vegetation, although habitats lacking vegetation are sometimes used.  
Large, deep backwater pool areas; ponds, and reservoir edges with appropriate vegetation 
characteristics may constitute suitable habitat for CRLF; other potential habitats as described in 
USFWS (2005) will also be considered.  Locations for site evaluations will be selected as 
follows: 
 
 All areas of potentially suitable aquatic habitat within the existing FERC Project Boundary3. 

 Other accessible areas of potentially suitable aquatic habitat within 1.0 mile of the existing 
FERC Project Boundary. 

                                                 
3  The existing FERC Project Boundary is the area YCWA uses for normal Project operations and maintenance and is shown on 

Exhibits J, K and G of the current license. 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246  
 

 
ESA-Listed Amphibians - CRLF Revised Study Plan August 2011 
Page 6 of 10 ©2011, Yuba County Water Agency 

 
Based on this reconnaissance assessment, aquatic habitats will be mapped and characterized by 
habitat type (e.g., pond, creeks, or pool), apparent seasonality, dominant vegetation type (e.g., 
emergent or overhanging shrubs), water depth at the time of the site assessment, bank-full depth, 
stream gradient (i.e., percent slope), substrate, and description of bank.  The presence of fish, 
non-native crayfish, American bullfrog, and other incidental observations of amphibians, 
reptiles, and turtles will be noted.  American bullfrog occurrence will be assessed by listening for 
calls, scanning suitable areas with binoculars or spotting scope for egg masses and basking frogs, 
and looking in shallow edges for larvae.  At least one observer will walk along the shoreline 
listening and scanning ahead for jumping frogs - juvenile American bullfrogs often vocalize as 
they jump in alarm.  If site conditions warrant at sites, aquatic funnel traps (“minnow traps”) may 
also be deployed to verify the presence of American bullfrog larvae.  However, funnel traps will 
not be employed in areas where CRLF may occur.  If American bullfrog is detected at a 
publically accessible field reconnaissance site within the FERC Project Boundary or on NFS 
land, the field crew may extend the field reconnaissance or conduct additional surveys to 
determine the extent, relative abundance and lifestage distribution of bullfrogs at the site using 
the “toolbox approach” described by Olson and Leonard (1997).  Upland habitats will be 
characterized based on description of upland vegetation communities, land uses, and any 
potential barriers to CRLF movement. 
 
At least 30 days in advance of field assessments, YCWA will provide a notice of fieldwork to 
USFWS.  The notice will include logistics and meeting times and locations for the fieldwork and 
an invitation for USFWS to observe the fieldwork.  
 
Once the locations of CRLF habitat in the study area are defined, Project Operations staff will be 
consulted to identify Project O&M activities in those areas that typically occur and have a 
potential to adversely affect the population.  
 
A Site Assessment Report will be prepared for submittal to the United States Department of 
Interior (USDOI), Fish and Wildlife Service (USFWS).  The report will document the results of 
all site assessment, along with separate accounts of site assessments that take place on public 
land administered by managed by the United States Department of Agriculture, Forest Service.  
The report will include the following: 
 
 Copies of data sheets 

 Copies of field notes 

 GPS data for all field reconnaissance sites 

 List of known occurrences of CRLF locations within the study area 

 Photographs of the reconnaissance sites including a map of photo locations 

 GIS map of potential CRLF habitat 

 Potential Project effects 
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5.3.2 Step 2 – Conduct Protocol-level Surveys (if needed) 
 
Following submittal of the Site Assessment Report to USFWS, YCWA will consult with 
USFWS to determine if Protocol-level CRLF surveys are needed.  The Site Assessment Report 
will provide a basis for discussions with USFWS regarding the potential for occurrence of CRLF 
within project-affected areas.  For areas where surveys are required, YCWA will complete the 
surveys in accordance with the Revised Guidance on Site Assessments and Field Surveys for the 
California Red-legged Frog, August 2005 (USFWS 2005).  USFWS decontamination guidelines 
will be implemented during the surveys.  
CRLF surveys will be completed in areas that are accessible and can be safely surveyed by a pair 
of qualified biologists.  If there are any incidental sightings of CRLF during implementation of 
any Relicensing studies, follow-up surveys will also be conducted at those locations. 
 
Protocol-level surveys consist of up to eight visits (i.e., two day visits and four night visits during 
the breeding season and one day and one night visit during the non-breeding season).  If 
necessary, survey protocols will be modified, in consultation with USFWS, to provide for safety 
of survey personnel. 
A CRLF survey report will be prepared that includes the following: 

 Copies of datasheets 

 Copies of field notes 

 GPS locations for all surveyed sites 

 Photographs of individual CRLF observed during surveys and habitats where the individual 
was observed 

 GIS map documenting the location of each individual CRLF observed during the surveys 
 
The report will be provided to USFWS for all CRLF occurrences and also to the Forest Service 
for occurrences on public land managed by the Forest Service.4 
 
5.3.3 Step 3 – Prepare, Format, and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting CRLF occurrences, potential 
habitat, project facilities and features, and other information collected during the study.  Field 
data will then be subject to quality assurance and quality control (QA/QC) procedures, including 
spot-checks of transcription and comparison of GIS maps with field notes on locations of any 
CRLF occurrences. 
 
5.3.4 Step 4 – Prepare Report 
 
YCWA will prepare a report for entire study that includes the following sections: 1) Study Goals 
and Objectives; 2) Methods; 3) Results; 4) Conclusions; and 5) Description of Variances from 
the FERC-approved study proposal, if any.  Confidential information will not be included in the 

                                                 
4  Since this information may be considered “Confidential” by USFWS and the Forest Service, YCWA will make a summary of 

the information available to Relicensing Participants unless otherwise directed by the federal agencies. 
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report, but provided to appropriate agencies.   At a minimum, the report will provide summaries 
and maps of site habitat assessments.  If CRLF surveys are required, the following data 
presentations will be provided, along with the supporting data in Excel spreadsheet and GIS 
layers, as appropriate: 
 
 Presence/absence of species by survey period at each survey site 

 Abundance of each life stage by survey period at each survey site 

 
If YCWA observes any CRLF, YCWA will notify the USFWS within 3 working days after the 
observation. If the frog is on National Forest System (NFS) land, YCWA will also notify the 
Forest Service. 
 
For all CRLF observations, YCWA will complete the appropriate CNDDB form and transmit the 
form to the CNDDB.  If the frog is on NFS land, YCWA will provide a copy of the CRLF 
CNDDB form to the Forest Service at the same time it is submitted to CNDDB. 

 
6.0 Study-Specific Consultation 
 
The study proposal includes the following specific consultation: 
 
 YCWA will consult with USFWS regarding the known occurrence of CRLF habitat and 

populations in the study area (Step 1). 

 At least 30 days in advance of field assessments, YCWA will provide a notice of fieldwork 
to USFWS.  The notice will include logistics and meeting times and locations for the 
fieldwork and an invitation for USFWS to observe the fieldwork (Step 1).  

 YCWA will consult with USFWS regarding the results of the site assessment and need for 
CRLF surveys if potentially suitable habitat is identified (Step 2).  

 
Note that FERC has designated YCWA as its non-federal representative for Section 7 informal 
consultation under the ESA. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning, Site Assessment, and Site Assessment Report (Step 1). ..................... March – June 2012 
Protocol Surveys (Step 2, if needed)....................................July – August 2013, April – June 2014 
QA/QC (Step 3, if Step 2 not needed) .................................................................... September 2012 
QA/QC (Step 3, if Step 2 is needed)  ................................................................................. July 2014 
Consult with Project Operations Staff (Step 4) ............................................................ October 2012 
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Prepare Report (Step 5) ........................................................................ October 2012 – March 2013 
Prepare Report (Supplemental, if Step 2 is needed  ............................ August 2014 – October 2014  
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California where CRLF has a potential to be affected. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $105,000 to 
142,500. 
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Study 7.4 

ESA-LISTED WILDLIFE - 
VALLEY ELDERBERRY LONGHORN BEETLE 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect valley 
elderberry longhorn beetle, or VELB (Desmocerus californicus dimorphus), a species listed as 
threatened under the federal Endangered Species Act (ESA).  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes one agency has jurisdiction over VELB: 1) the United States Department of 
Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning VELB presence and distribution 
within the existing Federal Energy Regulatory Commission (FERC) Project Boundary.1 
 
The specific objective of this study is to gather information, including: 1) identify and map the 
location of appropriate elderberry shrubs; 2) classify habitat where shrubs are found into riparian 
or non-riparian, and whether shrubs are isolated or clumped;2 and 3) classify elderberry 
(Sambucus sp.) stem size; and 4) document the presence or absence of VELB or evidence of 
VELB when surveys are performed. 
 

 

                                                 
1  The existing FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license.  
2  For the purpose of this study, riparian habitat is “the vegetation zone and other biological resources contiguous to and affected 

by surface and subsurface hydrologic features of perennial or intermittent lotic (lakes) and lentic (rivers, streams, or drainage 
ways) water bodies.” (USFWS 1997) 
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4.0 Existing Information and Need for Additional 
Information 

 
As discussed in section 7.7 of YCWA’s Pre-Application Document (PAD), VELB historically 
ranged throughout the Central Valley, extending upstream in river canyons in the Sierra Nevada 
foothills to a maximum elevation of about 3,000 feet.  VELB is completely dependent upon its 
host plant, elderberry, which is a common component of the remaining riparian forests and 
adjacent uplands.  The beetles' use of elderberries is not readily apparent; often the only exterior 
evidence is an exit hole created by the larva just prior to pupation.  The life cycle takes 1 or 2 
years to complete with most of that time spent as larva living within the stems of the plant.  
Adults generally emerge from late March through June, and adults are short-lived. 
 
Existing and relevant information regarding known VELB occurrences in the Project Vicinity3 is 
available from the California Natural Diversity Database (CNDDB) (CDFG 2010).  No records 
of VELB occurrences within the Project Vicinity were located on the CNDDB.   
 
Existing information is not adequate to meet the goal of the study.  Information necessary to 
address the study goal includes a current assessment of elderberry plants and VELB in the study 
area. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs powerhouses) as well as 
Project recreation areas.  The study area will also include a buffer of 100 feet extending upslope 
from the high-water mark of the Project reservoirs and from the FERC Project Boundary around 
Project recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

                                                 
3  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order  of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
 
 
                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Wildlife - VELB Revised Study Plan August 2011 
Page 4 of 6 ©2011, Yuba County Water Agency 

5.3 Methods 
 
The study will be completed in seven steps: 1) map known occurrences; 2) conduct field surveys 
for elderberry plants; 3) conduct surveys for evidence of VELB; 4) prepare data and quality 
assure/quality control (QA/QC) data; 5) consult with YCWA’s Project operations staff; 6) 
consult with USFWS; and 7) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Map Known Occurrences 
 
YCWA will identify and map known occurrences of elderberry plants and VELB within the 
study area for use on field maps. 
 
5.3.2 Step 2 – Conduct Field Surveys for Elderberry Plants 
 
In conjunction with the Special-Status Plants Study (Study 5.1), YCWA will document all 
occurrences of elderberry plants within the study area with GPS and take photographs of each 
occurrence.  Occurrences will be documented by classifying the largest stem at ground level of 
the shrub into one of three categories: 1) greater than or equal to 1 inch but less than or equal to 3 
inches; 2) greater than 3 inches but less than 5 inches; and 3) greater than or equal to 5 inches 
(USFWS 1999).  YCWA will classify the habitat surrounding the shrub as either riparian or non-
riparian and indicate whether the shrub was isolated or part of a larger clump.   
 
YCWA will notify USFWS within three working days if VELB are detected and within two 
weeks if beetle exit holes are detected at any location.  If the detection is on National Forest 
System land, YCWA will also notify the Forest Service.   
 
5.3.3 Step 3 – Conduct Surveys for Evidence of VELB 
 
All elderberry shrubs with one or more stems measuring 1.0 inch or greater in diameter at ground 
level that occur within the study area must be thoroughly searched for beetle exit holes (external 
evidence of beetle presence).  The exit holes should be characterized as to whether they are 
recent (i.e., shavings may be present) or not. 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting VELB and elderberry 
occurrences, Project facilities and features, and other information collected during the study.  
Field data will then be subject to QA/QC procedures, including spot-checks of transcription and 
comparison of GIS maps with field notes on locations of any VELB and/or elderberry 
occurrences.  
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5.3.5 Step 5 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of VELB and elderberry in the study area are defined, Project Operations staff 
will be consulted to identify project O&M activities in those areas that have the potential to 
adversely affect the occurrences. The results of the consultation will be described in the final 
report.  
 
5.3.6 Step 6 – Consult with USFWS 
 
In instances when an elderberry plant is identified in the study area, YCWA will consult with 
USFWS concerning potential impacts by the Project and discuss recommendations and further 
actions, if agreed necessary. 
 
5.3.7 Step 7 – Prepare Report 
 
YCWA will prepare a report for the entire study that includes the following sections: 1) Study 
Goals and Objectives; 2) Methods; 3) Results; 4) Conclusions; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  Confidential information will not be included 
in the report, but provided to appropriate agencies.   
 
If YCWA observes any VELB, YCWA will notify the USFWS within 3 working days after the 
observation and within two weeks if beetle exit holes are detected at any location.  If the VELB 
is on National Forest System (NFS) land, YCWA will also notify the Forest Service. 
 
For all VELB observations, YCWA will complete the appropriate CNDDB form and transmit the 
form to the CNDDB.  If the VELB is on NFS land, YCWA will provide a copy of the VELB 
CNDDB form to the Forest Service at the same time it is submitted to CNDDB 

 
6.0 Study-Specific Consultation 
 
The study includes the following specific consultation: 
 
 YCWA will consult with USFWS concerning potential impacts by the Project and discuss 

recommendations and further actions, if agreed necessary, when the study is near completion. 
 
Note that FERC designated YCWA as its non-federal representative for Section 7 informal 
consultation under the ESA. 
 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
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Planning (Step 1) ............................................................................ November 2011- February 2011 
Collect Data (Step 2) .................................................................................... March 2011- July 2011 
QA/QC Review (Step 3) ............................................................................................... August 2011 
Operations Staff Consultation (Step 4)  ........................................................................ August 2011 
Study Report Preparation (Step 5) .......................................................................... September 2011 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from the USFWS, 
NFS and other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $72,000 and 
$98,000. 
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Study 7.5 

CALIFORNIA ENDANGERED SPECIES ACT- 
LISTED PLANTS 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an adverse effect on plants 
listed under the State of California Endangered Species Act (CESA) as endangered (SE) or 
threatened (ST). 
 
Special-status plants1 and plants listed under the federal Endangered Species Act (ESA) are 
addressed in separate study proposals: the Special-status Plants Study Proposal and ESA-Listed 
Plants Study Proposal, respectively.  Note that if a plant is listed as SE or ST but is also listed as 
threatened or endangered under ESA, that plant species is addressed under the ESA-Listed Plant 
Study Proposal – this CESA-Listed Plants Study Proposal only addresses plants listed as SE or 
ST. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that one agency has jurisdiction over CESA-listed plants in the geographic area 
included in this study proposal: 1) California Department of Fish and Game (CDFG). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010). 
CDFG’s goal, as described on page 2 of CDFG’s letter is to preserve, protect, and as needed, to 
restore habitat necessary to support native fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have a measurable, adverse effect on CESA-listed plant 
species. 
 
                                                 
1  For the purposes of this Relicensing, special-status plants are considered those plants that are: 1) found on National Forest 

Service (NFS) land managed by the Forest Service and formally listed on the Forest Service’s List of Sensitive Plant Species 
for the Plumas National Forest (FSS-P) or the Tahoe National Forest (FSS-T); 2) found on the CDFG’s list of California Rare 
(SR) species, listed under the Native Species Protection Act of 1977; 3) listed under the federal ESA as Proposed or a 
Candidate for listing as endangered or threatened; 4) listed under the CESA as proposed for listing; or 4) found on the 
California Native Plant Society (CNPS) Inventory of Rare Plants and formally listed as a CNPS 1, 2 3 or 4 plant (CNPS 1, 
CNPS 2, CNPS 3, CNPS 4).   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
CESA-Listed Plants Revised Study Plan August 2011 
Page 2 of 8 ©2011, Yuba County Water Agency 

The objective of this study is to gather the information necessary to perform this analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
As discussed in section 7.7 of YCWA’s PAD, existing and relevant information regarding 
known and potentially occurring CESA-listed plants in the Project Vicinity2 is available from the 
California Natural Diversity Database (CNDDB) (CDFG 2009) and California Native Plant 
Society (CNPS) Inventory of Rare and Endangered Plants database (CNPS 2009).  Based on this 
information, YCWA identified one plants species that is CESA-listed and has a reasonable 
potential to occur on the Project.  Table 4.0-1 provides the CESA-listed plant species: 1) status; 
2) flowering period; 3) elevation range; 4) habitat requirements; and 5) documented occurrence 
in the Project Vicinity. 
 
Table 4.0-1.  CESA-listed plant species potentially occurring on the Yuba County Water Agency’s 
Yuba River Development Project. 

Common Name/ 
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Scadden Flat 
checkerbloom 
Sidalcea stipularis 

SE 
CNPS 1B 

Jul-Aug 2,297-2,395 
Marshes and swamps 
(montane freshwater) 

Unknown in Project Vicinity, 
present in Chicago Park, Grass 
Valley 

1  Special-status:  
 CNPS: California Native Plant Society listed species  
  1B:  Species considered rare or endangered in California and elsewhere  
 SE:  California Endangered Species  
2  Occurrence in Project Vicinity:  Some of the USGS topographic quadrangles are found entirely within the Project Vicinity and some are 

partially within the Project Vicinity.  Results based on CNPS nine-quadrangle search. 

 
 
None of the available reports are from surveys within the existing FERC Project Boundary.3 
 
Additional information needed to address the study goal is the specific location of CESA-listed 
plants in relation to Project facilities, normal Project O&M activities, Project recreation, and any 
other Project-related activities that might affect CESA-listed plants. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs powerhouses) as well as 
Project recreation areas.  The study area will also include a buffer of 100 feet extending upslope 
from the high-water mark of the Project reservoirs and from the FERC Project Boundary around 
Project recreation facilities. 

                                                 
2 For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle 
3 The FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is shown on 

Exhibits J, K, and G of the current license. 
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If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with Licensee’s project operations staff; and 5) prepare report.  Each step is described 
below. 
 
5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
YCWA will identify and map known occurrences of CESA-listed plants within the study area, 
and prepare field maps for use by survey teams.  The maps will include aerial imagery, Project 
features, and known CESA-listed plant occurrences.  Survey timing will be planned based on 
herbarium collection dates. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
YCWA’s surveyors will conduct special-status plant surveys as outlined in the “Botanical 
Survey” section of the California Department of Fish and Game’s (CDFG) Protocols for 
Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural 
Communities (CDFG 2009)5. 
 
Surveys will be comprehensive over the entire study area using systematic field techniques to 
ensure thorough coverage, with additional efforts focused in habitats with a higher probability of 
supporting special-status plants (e.g., serpentine outcrops).  Surveys will be floristic in nature, 
documenting all species observed; taxonomy and nomenclature will be based on The Jepson 
Manual (Hickman 1993).   
 
In the event CESA-listed plants are found within the study area, surveyors will collect the 
following data, to the edge of the occurrence, or to ¼ mile outside the FERC Project Boundary, 
whichever is less: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed). 

 

                                                 
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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 Estimated area (approximate length and width) covered by the CESA-listed plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acres, surveyors will delineate the occurrence boundary 
using a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, location of the approximate center of the occurrence taken as point data 
using a handheld GPS unit. 

 Dominant and subdominant vegetation in the area. 

 Estimated distance to nearest Project facility, feature, or Project-related activity. 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses). 

 Estimated phenology and descriptions of reproductive state 
 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting CESA-listed plant 
occurrences, Project facilities, features, and specific Project-related impacts (e.g., dispersed use 
camping) and other related information collected during the study.  Field data will then be 
subject to QA/QC procedures, including spot-checks of transcription and comparison of GIS 
maps with field notes to verify locations of CESA-listed plant occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of CESA-listed plants in the study area are defined, Project operations staff 
will be consulted to identify Project O&M and Project-related activities that typically occur in 
the area of the CESA-listed plant populations that have a potential to adversely affect the 
population. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include GIS maps that show by CESA-listed plant the 
location in respect to Project facilities and features.  The GIS layer of CESA-listed plants will be 
made available to the Forest Service if the plant is on public land managed by the Forest Service. 
 
YCWA will notify CDFG within 3 working days if CESA-listed plants are detected at any 
location.  If the detection is on National Forest System (NFS) land managed by the Forest 
Service, YCWA will also notify the Forest Service. 
 
For all CESA-listed plant observations, YCWA will complete the appropriate CNDDB form and 
transmit the form to the CNDDB.  If the detection is on NFS land, YCWA will provide a copy of 
the form to the Forest Service. 
 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
CESA-Listed Plants Revised Study Plan August 2011 
Page 6 of 8 ©2011, Yuba County Water Agency 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ............................................................................ November 2011- February 2011 
Collect Data (Step 2) .................................................................................... March 2011- July 2011 
QA/QC Review (Step 3) ............................................................................................... August 2011 
Operations Staff Consultation (Step 4)  ........................................................................ August 2011 
Study Report Preparation (Step 5) .......................................................................... September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $8,500 and $11,500. 
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Study 7.6 

CESA-LISTED AND FULLY PROTECTED WILDLIFE -  
CALIFORNIA WILDLIFE HABITAT RELATIONSHIPS 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) and recreation has the potential to 
affect wildlife species that are listed as either threatened (CT) or endangered (CE) under the 
California Endangered Species Act (CESA) or listed as Fully Protected (CFP) by California 
Department of Fish and Game (CDFG).   
 
Besides this study proposal, bald eagle, another CE species, is addressed in a separate study 
proposal: “CESA-Listed Wildlife - Bald Eagle.”  

 
2.0 Resource Management Goals of Agencies with 

Jurisdiction Over the Resources to be Studied 
 
YCWA believes that one agency has jurisdiction over CESA-listed wildlife in the geographic 
area included in this study proposal: 1) California Department of Fish and Game (CDFG). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010). 
CDFG’s goal, as described on page 2 of CDFG’s letter is to preserve, protect, and as needed, to 
restore habitat necessary to support native fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to determine presence and distribution of CESA-listed and CFP wildlife 
species in the vicinity of the existing FERC Project Boundary,1  and Project O&M activities that 
might affect these species.   
 
The objective of the study is to query CDFG California Wildlife Habitat Relationships (CWHR) 
system to meet the study goals. 
 

                                                 
1  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next 
major water controlling feature or structure.  
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4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring CT, CE and CFP 
wildlife species in the vicinity of the Project is available from the California Natural Diversity 
Database (CNDDB), CDFG, CWHR program and the United States Department of Agriculture, 
Forest Service Geological Information System (GIS) database.  Forest Service data also include 
various biological evaluations addressing CE and CT wildlife.  This information is useful in 
developing a target list of special-status species and identifying their habitat.   
 
Based on the general vegetation patterns described in the Botanical Resources section of the Pre-
Application Document (PAD), YCWA classified wildlife habitats in the Project Vicinity using 
the CWHR program (de Becker and Sweet 1988; CDFG 2005, 2009a).  The CWHR model 
predicts wildlife use based on habitat type, age class, size class, canopy closure or cover, and 
occurrence of specific habitat elements that influence thermal cover, forage, prey availability, 
nesting, escape cover, and breeding.  YCWA assessed upland vegetation with information from 
the Forest Service’s CalVegetation (CalVeg) mapping system, which are publicly available data 
(USDA 2004a), and the Forest Service’s Crosswalk (USFS 2004b) to identify habitats in the 
Project Vicinity.  The Crosswalk converts CalVeg Alliances into the appropriate CWHR habitat 
type. Using the identified habitat types and CWHR, YCWA identified terrestrial vertebrate 
wildlife species potentially occurring within the Project Vicinity.  

The results of the CWHR analysis and current list of CT, CE and CFP wildlife indicate that there 
are nine wildlife species with potential to occur in the study area, including eight birds and one 
mammal (Table 4.0-1). 
 
The Forest Service reports that great grey owl (Strix nebulosa) a CE species, has been observed 
and occupied nesting activity recorded within 1 mile upslope of the Project’s Log Cabin 
Diversion Dam. 
 
Table 4.0-1.  Wildlife species listed as threatened or endangered under the California Endangered 
Species Act or listed as Fully Protected by CDFG and are known to occur or with the potential to 
occur within the study area for the Yuba River Development Project.  

Common Name 
Scientific Name 

Suitable 
Habitat Typea 

Known Occurrence in 
Project Vicinity 

State  
Statusb 

Status Reports, 
Recovery Plans 

Relevant to Project 
Vicinity 

BIRDS 

Bank swallow 
Riparia riparia 

Open and partly open habitats, frequently near 
flowing water. Nests in steep sand, dirt, or gravel 
banks, in a burrow dug near the top of the bank, 
along the edge of inland water or along the coast. 

Four occurrences found 
on CNDDB in Project 
Vicinity; three 
occurrences within Sutter 
quad and one within 
Yuba City quad (CDFG 
2010). 

CT 

Status Report 
CDFG 2005 
 

Conservation Plan 
RHJV 2004 
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Table 4.0-1.  (continued)  

Common Name 
Scientific Name 

Suitable 
Habitat Typea 

Known Occurrence in 
Project Vicinity 

State  
Statusb 

Status Reports, 
Recovery Plans 

Relevant to Project 
Vicinity 

BIRDS (continued) 

California black rail 
(Laterallus 
jamaicensis 
coturniculus) 

Inhabits freshwater marshes, wet meadows and 
shallow margins of saltwater marshes bordering 
larger bays. 

Thirty-two occurrences 
found on CNDDB in 
Project Vicinity; Browns 
Valley 2, Oregon House 
12, Smartville 19(CDFG 
2010). 

 CT,  
CFP 

Status Report 
CDFG 2005 

 

Bald eagle 
Haliaeetus 
leucocephalus 

Breeding habitat most commonly includes areas 
close to coastal areas, bays, rivers, lakes, or other 
bodies of water that reflect the general 
availability of primary food sources. 
Preferentially roosts in conifers or other sheltered 
sites in winter in some areas. 

Two occurrences found 
on CNDDB in Project 
Vicinity: One in 
Camptonville quad, and 
one in Oregon House 
quad (CDFG 2010). 

 CE, 
CFP 

Status Report 
CDFG 2005 
 

Species Profile 
USFWS 2001 
 
USFS 1988, 1990 

Golden Eagle 
Aquila chrysaetos 

Generally open country, in prairies, arctic and 
alpine tundra, open wooded country, and barren 
areas, especially in hilly or mountainous regions. 

Potentially occurs within 
suitable habitat 

CFP 
None 

 

American peregrine 
falcon 
Falco peregrinus 
anatum 

Various open habitats from tundra, moorlands, 
steppe, and seacoasts, especially where there are 
suitable nesting cliffs, to mountains, open 
forested regions, and human population centers. 

Potentially occurs within 
suitable habitat 

 CE, 
CFP 

Status Report 
CDFG 2005 
 
Species Profile 
USFWS 1999 

Great grey owl 

Strix nebulosa 

Found in or near meadows surrounded by forest 
with high density of large diameter snags and 
high canopy closure. 

Forest Service  reported 
occurrence within 1 mile 
of Log Cabin Diversion 
Dam (M. Tierney, pers. 
Comm., 2010) 

CE 
Status Report 
CDFG 2005 
 

Greater sandhill 
crane 
Grus canadensis 
tabida 

Breeds in open grasslands, marshes, marshy 
edges of lakes and ponds, and riverbanks. Roosts 
at night along river channels, on alluvial islands 
of braided rivers, or natural basin wetlands. 

Potentially occurs within 
suitable habitat 

 CT, 
CFP 

Status Report 
CDFG 2005 

 
Pacific Flyway 
Management Plan 
1997 

Swainson’s hawk 
(Buteo swainsoni) 

Breeds in grasslands with scattered trees, juniper-
sage flats, riparian areas, savannahs and 
agricultural or ranch. 

Two occurrences found 
on CNDDB in Project 
Vicinity: within Browns 
Valley and Yuba City 
quads (CDFG 2010). 

CT 
Status Report 
CDFG 2005 

 

Western yellow-
billed cuckoo 
(Coccyzus 
americanus 
occidental)s 

Riparian forest nester, along the broad, lower 
flood-bottoms of larger river systems. 

Two occurrences found 
on CNDDB in Project 
Vicinity: Yuba City 
quads (CDFG 2010). 

CE 
Status Report 
CDFG 2005 

 

MAMMALS 

Sierra Nevada red 
fox 
Vulpes vulpes 
necator 

Various habitats in alpine and subalpine zones; 
preferred habitat apparently red fir and lodgepole 
pine forests and alpine fell-fields; may hunt in 
forest openings, meadows, and barren rocky 
areas. 

One occurrence found on 
CNDDB in Project 
Vicinity: Pike quad 
(CDFG 2010). 

CT 

Status Report 
CDFG 2005 
 
CDFG 2009 

a  Nature Serve 2006 
a  Status Codes: 
 CE  Endangered: State of California listed as endangered. 
 CT Threatened: State of California listed as threatened. 
 CFP California Fully Protected. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary2 and an area 
extending 0.25 mile from the boundary.  This includes all Project facilities (e.g., powerhouses, 
dams, and conduits) as well as Project recreation sites (e.g., reservoirs and campgrounds).  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 

                                                 
2  The existing FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license.  
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with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will be identical to those discussed in the study proposal entitled “Special-
status Wildlife – CWHR,” but will address CE, CT and CFP wildlife species instead of special-
status wildlife species.  The study methods consist of the four steps described below. 
 
5.3.1 Step 1 – Create Maps that Include Vegetation Communities, Wildlife 

Habitats and Project Facilities 
 
YCWA will produce maps at a scale of 1:24,000 that include CWHR habitat types, known 
protected wildlife habitats (e.g., great grey owl Protected Activity Centers [PACs]) and project 
facilities. In addition, CNDDB and USFS species occurrence data for target species will be 
included. 
 
5.3.2  Step 2 – Compile Project O&M Activities 
 
YCWA will compile a list of Project operations and maintenance activities by facility.  In each 
instance, Project Operations Staff will be consulted to describe the nature and frequency of 
Project O&M.  
 
5.3.3  Step 3 – Analysis of Habitat and Project O&M 
 
YCWA will use the maps identified in Step 1 to identify areas within the study area in which CT, 
CE and CFP wildlife habitat and Project O&M overlap.   

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.4  Step 4 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Discussion; 4) Conclusions; and 5) Description of Variances from 
the FERC-approved study proposal, if any. 
 

6.0  Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0  Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ................................................................................. November – December 2011 
Analysis (Step 2) ............................................................................................... January – July 2012 
Report Preparation (Step 3) ..................................................................... August – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0  Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $13,500 and 
$18,500. 
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Study 7.7 

CESA-LISTED WILDLIFE –  
BALD EAGLE 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect bald eagle 
(Haliaeetus leucocephalus), a species listed as endangered under the California Endangered 
Species Act (CESA). 
 
As part of this study, YCWA will also record incidental observations of other raptors including 
but not limited to osprey (Pandion haliaetus), American peregrine falcon (Falco peregrines 
anatum), and golden eagle (Aquila chrysaetos). 
 
Habitat for California Endangered Species Act (CESA)-Listed wildlife species, including bald 
eagle, is addressed in YCWA’s CESA-Listed Wildlife - California Wildlife Habitat 
Relationships (CWHR) Study Proposal. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to be Studied 

 
YCWA believes that three agencies have jurisdiction over bald eagle that could be potentially 
affected in the geographic area covered in this study proposal:  1) the United States Department 
of Agriculture, Forest Service (Forest Service) on National Forest System (NFS) land; 2) United 
States Department of Interior, Fish and Wildlife Service (USFWS); and 3) California 
Department of Fish and Game (CDFG).  Each of these agencies and their jurisdiction, as 
understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
The bald eagle receives federal protection under the Bald Eagle and Golden Eagle Protection Act 
and the Migratory Bird Treaty Act.  The USFWS adopted the Pacific Bald Eagle Recovery Plan 
in 1986, which encompasses a seven-state area, including California.  The following recovery 
goals were established to guide and measure population recovery: 1) a minimum of 800 breeding 
pairs, 2) average annual productivity of at least one young per active breeding pair, 3) breeding 
population goals met for at least 80% of management zones, and 4) no decline in major winter 
concentrations. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning bald eagles associated with the 
Project reservoir, Project-affected stream reaches, and related Project recreation features or 
activities. 
 
The objective of this study is to gather information, including: 1) identify and map the location 
of bald eagle nesting sites; 2) document the presence of bald eagles when surveys are performed; 
3) identify important bald eagle roosting or hunting perches; and 4) compile incidental 
observations of other raptors observed while conducting the study. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.7 (Threatened, Endangered and Fully Protected Species) of YCWA’s Pre-Application 
Document, or PAD (YCWA 2010) includes existing life history information for bald eagle.  This 
information is summarized below. 
 
Most bald eagle nesting territories in California are located in elevations ranging from 1,000 to 
6,000 feet, but nesting can occur from near sea level to over 7,000 feet (Jurek 1988).  Nest trees 
typically provide an unobstructed view of an associated water body and are often prominently 
located on the topography.  The bald eagle often constructs up to five nests within a territory and 
alternates between them from year to year (USDA 2001).  Bald eagles typically nest in live trees, 
some with dead tops, and build a large (~6 ft diameter), generally flat-topped and cone-shaped 
nest usually below the top of the tree with some cover above the nest (Call 1978). 
 
Existing and relevant information regarding known and potentially occurring bald eagles in the 
Project Area1 is available from California Department of Fish and Game’s (CDFG) California 
Wildlife Habitat Relationships (CWHR) program and CDFG’s California Natural Diversity 
Database (CNDDB).  A query of the CNDDB revealed one occurrence of bald eagle within the 
Project Area.  The occurrence was within the United States Geological Survey (USGS) 
Camptonville quadrangle.  The complete results of the CNDDB and CWHR queries can be 
found within Section 7.7 of the Preliminary Information Package.  The Project has one reservoir 
(New Bullards Bar Reservoir) and two small diversion dam impoundments.   

                                                 
1  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory 

Commission (FERC) existing Project Boundary and the land immediately surrounding the FERC Project 
Boundary (i.e., within about  0.25-mile of the FERC Project Boundary) and includes Project-affected reaches 
between facilities and downstream to the next major water controlling feature or structure.   
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During the January 13, 2010 meeting with relicensing participants, the Forest Service indicated 
that a draft Bald Eagle Management Plan had been developed and was applicable to portions of 
the Project, specifically New Bullards Bar Reservoir.  YCWA requested a copy of the 
management plan, but has yet to receive it. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area encompasses all Project reservoirs and impoundments, and Project-affected river 
reaches plus an additional 1 mile buffer around the existing FERC Project Boundary.  For the 
purpose of this study, this includes: 1) the Middle Yuba River from and including Our House 
Diversion Dam Impoundment to the confluence with the North Yuba River; 2) Oregon Creek 
from and including the Log Cabin Diversion Dam Impoundment to the confluence with the 
North Yuba River; 3) the North Yuba River from and including New Bullards Bar Dam 
Reservoir to the confluence with the Middle Yuba River; 4) the portion of the Yuba River from 
the confluence of the North and Middle Yuba rivers to the United States Army Corps of 
Engineer’s (USACE) Englebright Reservoir; and 5) the Yuba River from USACE’s Englebright 
Dam to USACE’s Daguerre Point Dam.  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 
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 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps:  1) identify and map known nest sites; 
2) winter surveys; 3) nest surveys; 4) perform quality assurance/quality control (QA/QC) review; 
and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Identify and Map Known Nest Sites 
 
YCWA will identify and map known occurrences of bald eagle sightings, nests, and roosts, and 
known occurrences of osprey sightings in the study area.  The map will be based on existing 
CWHR data, CNDDB data, discussions with Forest Service wildlife biologists, discussions with 
Project Operations Staff, and incidental sightings by field staff during fieldwork on the Project 
reservoir. 
 
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.2 Step 2 – Winter Surveys 
 
YCWA will conduct wintering bald eagle surveys and winter night roost surveys according to 
the Protocol for Evaluating Bald Eagle Habitat and Populations in California (Jackman and 
Jenkins 2004).  Survey methods include: 
 
 Wintering Bird Surveys.  One or two-day surveys will be conducted monthly along New 

Bullards Bar Reservoir from December through February (three surveys, at least two weeks 
apart) to capture peak wintering activity.  The January survey will be conducted during the 
two-week nationwide, mid-winter bald eagle survey coordinated state-wide by CDFG and 
University of California, Santa Cruz, Predatory Bird Research Group, unless inclement 
weather prohibits safe surveys.  The surveys will either be conducted from a helicopter or 
boat depending on weather conditions and accessibility. 

 Winter Night Roost Surveys.  Winter night roost surveys will be conducted monthly from 
December through February.  Surveys will be conducted in the afternoon/early evening in 
areas where eagles were observed wintering in an effort to identify any night roosts.  If roosts 
are located, the number of eagles will be recorded as they move from foraging to roosting 
habitat.  These locations will be revisited the following morning, one-half hour before sunrise 
for at least two hours to count the number of eagles leaving the roost.  If a stand is identified 
as a probable night roost, the area will be revisited during the day to search for any evidence 
of bald eagle use (e.g., feathers or castings) and the exact location will be recorded by GPS.  
The survey forms derived by Jackman and Jenkins (2004) will be used for both the wintering 
and night roost surveys. 

 
5.3.3 Step 3 – Nest Surveys   
 
YCWA will conduct nesting bald eagle surveys according to the Bald Eagle Breeding Survey 
Instructions (CDFG 1999) and Protocol for Evaluating Bald Eagle Habitat and Populations in 
California (Jackman and Jenkins 2004).  Nesting territories will be checked at least three times 
during the nesting season (primarily February through July).  Survey methods include: 
 
 Determine Occupancy of Territories and Early Incubation.  Territories will be checked in 

early March, as weather conditions allow, in areas that have historical data available.  Data 
collected at each site will consist of: 1) presence of adults; 2) courtship behavior; 3) evidence 
of nest repair or construction; 4) incubation; 5) observation of old nests: and 5) identification 
of any new nests.  Surveys will be performed from a helicopter, GPS coordinates will be 
recorded, and photographs taken for all nests observed. 

 Confirm Occupancy of Territories and Presence of Eggs/Nestlings.  Surveys will be 
conducted in late April or early May to determine whether the breeding pair surveyed in 
March is still tending the nest (e.g., incubating eggs or tending nestlings).  The number of 
eggs/nestlings, bird behavior, and any other relevant observations will be recorded.  These 
surveys will be conducted in the same manner as the initial surveys. 

 Determine Nest Success.  Surveys will be conducted in mid June to determine how many 
nestlings are approaching fledgling age.  These surveys will be conducted in the same 
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manner as the other nesting surveys.  The CDFG California Bald Eagle Nesting Territory 
Survey Form will be utilized during all nesting surveys. 

 
In addition, during the bald eagle surveys, YCWA will record any raptor sightings and nests 
observed, photograph the nest, and record the location using GPS.  If reasonably possible, 
YCWA will make a determination as to whether the raptor nest is active or inactive during the 
survey year. 
 
5.3.4 Step 4 – Quality Assurance/Quality Control Data   
 
YCWA will perform a QA/QC review of all data, including maps and sightings. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  The study data will be compared to State-wide data 
collected by CDFG and University of California, Santa Cruz, Predatory Bird Research Group, 
during the same period. 
 
For all special-status raptor observations, YCWA will complete the appropriate CNDDB form 
and transmit the form to the CNDDB.  If the sighting is on National Forest System lands, YCWA 
will provide a copy of the CNDDB form to the Forest Service at the same time as it is submitted 
to CNDDB.  YCWA will provide all bald eagle nesting nesting territory survey data to CDFG. 
 

6.0 Study-Specific Consultation 
 
This study includes one study-specific consultation: 
 
 YCWA will consult with Plumas National Forest and Tahoe National Forest wildlife 

biologists and Project Operations Staff regarding the known occurrence of bald eagles and 
osprey and bald eagle nests in the study area. 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ..................................................................................................... November 2011 
Field Work: Wintering Surveys (Step 2) ..................................... December 2011 – February 2012 
Field Work: Nesting Surveys (Step 3) ............................................................ February – June 2012 
QA/QC (Step 4) .............................................................................................. February – June 2012 
Data Report Preparation (Step 5)  ................................................................. July – September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from CDFG and 
other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $31,500 and 
$42,500. 
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Study 7.8 

ESA/CESA-LISTED SALMONIDS 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect anadromous 
salmonid habitat suitability and availability in the Yuba River downstream of United States 
Army Corps of Engineers’ (USACE) Englebright Dam.2 
 
This study focuses on two salmonid fish species listed as threatened under the federal 
Endangered Species Act (ESA): spring-run Chinook salmon (Oncorhynchus tshawytscha); and 
Central Valley steelhead (Oncorhynchus mykiss).  However, the study also addresses fall-run 
Chinook salmon and resident rainbow trout.  Although late fall-run Chinook salmon populations 
occur primarily in the Sacramento River, use of the Yuba River downstream of Englebright Dam 
by late fall-run Chinook salmon has been reported to occur (D. Massa, CDFG, pers. comm. 
2009; M. Tucker, NMFS, pers. comm. 2009).  Regarding O. mykiss, the physical appearance of 
adults and the presence of seasonal runs and year-round residents indicate that both sea-run 
(steelhead) and resident rainbow trout exist in the Yuba River downstream of Englebright Dam.  
Thus, it is recognized that both anadromous and resident life history strategies of O. mykiss have 
been and continue to be present in the river, resulting in the use of the term “steelhead/rainbow 
trout” when referring to O. mykiss in this document. 
 
Salmonid fishes upstream of Englebright Dam and non-ESA listed species downstream of 
Englebright Dam are addressed in separate studies. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over fish that could be potentially affected 
in the geographic area included in this study proposal:  1) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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California Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, 
Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.   
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this study plan is to evaluate Project-related effects on salmonid populations 
in the Yuba River downstream of Englebright Dam.  Specific objectives include:  

 Document the number, size and distribution of mesohabitats available for immigrating, 
holding and spawning adult salmonids and rearing juvenile salmonids 

 Estimate annual run-sizes of spring-run and fall-run Chinook salmon, and steelhead/rainbow 
trout  

 Characterize the temporal and spatial distributions of immigrating spring-run and fall-run 
Chinook salmon, and steelhead/rainbow trout 

 Characterize the spatial and temporal distribution of redds for spring-run and fall-run 
Chinook salmon, and steelhead/rainbow trout 

 Characterize habitat-flow relationships for spawning (see Study Plan 7-10) 
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 Evaluate water temperature suitability for spawning spring-run and fall-run Chinook salmon, 
and steelhead/rainbow trout 

 Characterize the spatial (including habitat utilization) and temporal distributions of juvenile 
rearing Chinook salmon and steelhead/rainbow trout 

 Characterize habitat-flow relationships for juvenile rearing Chinook salmon and 
steelhead/rainbow trout (see Study Plan 7-10) 

 Evaluate water temperature suitability for juvenile rearing Chinook salmon and 
steelhead/rainbow trout 

 Characterize the seasonal and annual abundances of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout 

 Characterize size structure and growth rates of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout, compared with flows and water temperatures 

 Evaluate the effects of flow fluctuations and ramping rates on the stranding (beaching and 
isolation) of juveniles, and redd dewatering of Chinook salmon and steelhead/rainbow trout 
(see Attachment 7.8A to this study proposal) 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California. A description of existing information regarding salmonid 
populations downstream of Englebright Dam is provided in the Attachment 7.8A to this study 
proposal.  The attachment describes available field studies and data collection reports, other 
relevant documents, and ongoing data collection, monitoring and evaluation activities including 
the Yuba River Accord Monitoring and Evaluation Program (M&E Program) and other data 
collection and monitoring programs. Specifically, Attachment 7.8A summarily describes 21 
available field studies and data collection reports, 20 other relevant documents (e.g., plans, 
policies, historical accounts and regulatory compliance), 14 ongoing data collection, monitoring 
and evaluation activities for the Yuba River Accord Monitoring and Evaluation Program (M&E 
Program), and 4 other data collection and monitoring programs. 
 
Because of the information available from previously conducted studies and ongoing data 
collection and monitoring activities, particularly from the Yuba Accord M&E Program, 
additional field-based data collection is not needed to describe the salmonid fishes in the Yuba 
River downstream of Englebright Dam for the purpose of assessing potential Project effects and 
development of protection, mitigation and enhancement (PM&E) measures to be included in a 
new license for the Project.  However, compilation of the various data into a single report would 
be useful. 
 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Revised Study Plan August 2011 
Page 4 of 10 ©2011, Yuba County Water Agency 

4.1 Listing Status, Critical Habitat Designation, and Essential Fish 
Habitat 

 
On September 16, 1999, NMFS listed the Central Valley ESU of spring‐run Chinook salmon as a 
“threatened” species (64 FR 50394 (September 16, 1999)). NMFS (64 FR 50394 (September 16, 
1999)) determined that the Central Valley Spring‐run Chinook Salmon Evolutionarily Significant 
Unit (ESU) are at risk of becoming endangered in the foreseeable future throughout all or a 
significant portion of their range.  On June 14, 2004, following a five‐year species status review, 
NMFS proposed that the Central Valley spring‐run Chinook salmon remain a threatened species 
based on the Biological Resource Team strong majority opinion that the Central Valley 
spring‐run Chinook ESU is ‘‘likely to become endangered within the foreseeable future’’ due to 
the greatly reduced distribution of Central Valley spring Chinook ESU and hatchery influences 
on natural population.  In addition, the Biological Resource Team noted moderately high risk for 
the abundance, spatial structure, and diversity Viable Salmonid Population (VSP) criteria, and a 
lower risk for the productivity criterion reflecting positive trends.  On June 28, 2005, NMFS 
reaffirmed the threatened status of the Central Valley spring‐run Chinook salmon ESU (70 FR 
37160 (June 28, 2005)). 
 
On March 19, 1998 (63 FR 13347 (March 19, 1998) NMFS listed the Central Valley Distinct 
Population Segment (DPS) of steelhead as a “threatened” species, concluding that the risks to 
Central Valley steelhead had diminished since the completion of the 1996 status review based on 
a review of existing and recently implemented State conservation efforts and Federal 
management programs (e.g., CVPIA AFRP, CALFED) that address key factors for the decline of 
this species.  On January 5, 2006 NMFS reaffirmed the threatened status of the Central Valley 
steelhead DPS (71 FR 834 (January 5, 2006)) and applied the DPS policy to the species because 
the resident and anadromous life forms of steelhead remain “markedly separated” as a 
consequence of physical, ecological and behavioral factors, and may therefore warrant 
delineation as a separate DPS (71 FR 834 (January 5, 2006)). The DPS includes all naturally 
spawned anadromous O. mykiss (steelhead) populations below natural and manmade impassable 
barriers in the Sacramento and San Joaquin Rivers and their tributaries, excluding two artificial 
propagation programs: the Coleman NFH, and Feather River Hatchery steelhead hatchery 
programs. 
 
On February 16, 2000 (FR Vol. 65, No. 32 (Wednesday, February 16, 2000)), NMFS published a 
final rule designating critical habitat for Central Valley steelhead. Critical habitat was designated 
to include all river reaches accessible to listed steelhead in the Sacramento and San Joaquin 
rivers and their tributaries in California, including the lower Yuba River upstream to Englebright 
Dam. NMFS proposed new critical habitat for spring-run Chinook salmon and Central Valley 
steelhead on December 10, 2004 (69, FR 237 (Friday, December 10, 2004)) and published a final 
rule designating critical habitat for this species on September 2, 2005 (70 FR 52590), including 
the lower Yuba River upstream to Englebright Dam. 
 
Section 305(b)(2) of the 1996 amendments to the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA) (16 USC 1801 et seq.) requires the identification of Essential Fish 
Habitat (EFH) for Federal-managed fishery species and the implementation of measures to 
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conserve and enhance this habitat.  In the Mid-Pacific Region, the Pacific Fisheries Management 
Council designates EFH and NMFS approves the designation.  EFH includes specifically 
identified waters and substrate necessary for fish spawning, breeding, feeding, or growth to 
maturity and covers a species’ full life cycle (16 USC 1802(10)).  EFH only applies to 
commercial fisheries; therefore, for this study on salmonids downstream of Englebright Dam in 
the Yuba River, the habitat utilized by all runs of Chinook salmon, but not steelhead, must be 
evaluated.  Chinook salmon habitat in the Yuba River (USGS Hydrologic Unit 18020107) has 
been identified as part of the Pacific salmon freshwater EFH (PFMC 1999).  EFH includes all 
water bodies occupied or historically accessible to Chinook salmon within the USGS HUC 
18020125.  On the North Yuba River, this extends upstream “To Salmon Creek, near Sierra 
City.”  On the Middle Yuba River this includes “The lower river, near where the North Fork 
joins,” which is downstream of YCWA’s Our House Diversion Dam, and on the South Yuba 
River this includes “1-2 miles upstream, perhaps spring run accessed the present town of 
Washington.”   (http://swr.nmfs.noaa.gov/hcd/cvschshd.htm accessed on 6/5/10). 
 
In addition to federal regulations, the California Endangered Species Act (CESA, Fish and Game 
Code Sections 2050 to 2089) establishes various requirements and protections regarding species 
listed as threatened or endangered under state law.  California’s Fish and Game Commission is 
responsible for maintaining lists of threatened and endangered species under CESA.  Spring-run 
Chinook salmon in the Sacramento River Drainage, including the Yuba River, was listed as a 
threatened species under CESA on February 2, 1999. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Yuba River from the Englebright Dam downstream to the confluence 
with the Feather River. 
 
If YCWA proposes an addition to the Project, the study area will be expanded, if necessary, to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 

 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone USFWS, NMFS, SWRCB and CDFG to provide 
an opportunity for input regarding how to address the variance.  Licensee will issue an e-mail 
to the Relicensing Contact List advising them of the resolution of the variance.  Licensee will 
summarize in the final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
This study will consist of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct the analyses necessary to 
accomplish the previously stated goals and objectives; and 4) prepare report. 
 
 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding salmonid populations in the Yuba River downstream of Englebright Dam 
will be obtained from previously conducted studies, including the dates and locations of data 
collection to the extent possible.  Previously collected information also includes life history 
strategy (e.g., anadromy vs. residency), size and growth, abundance, lifestage-specific spatial and 
temporal distributions, flow and water temperature effects, physical habitat conditions, 
population age structure, habitat-flow relationships, and habitat utilization. Information from 
previously conducted studies will provide context regarding long-term trends in population 
dynamics, as well as additionally contribute to the suite of information currently being obtained 
through ongoing data collection, monitoring, and evaluation activities. Additionally, flow and 
water temperature information will be compiled from available records corresponding to dates 
and locations of salmonid species previously collected, and reported to examine potential 
relationships between flow and water temperature, other abiotic variables, and species-specific 
population metrics. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program will be compiled in an electronic database 
for this study plan report. The M&E Program includes data and information obtained from the 
CDFG Scale Aging Program, CDFG Angler Surveys, and the CDFG Steelhead Acoustic 
Tagging and Tracking Survey. In addition, data and information from the YCWA Lower Yuba 
River Redd Dewatering and Fry Stranding Monitoring and Evaluation study will be compiled 
(refer to Attachment 7.8A). Data compilation and analyses conducted by the RMT for the Yuba 
Accord M&E Program will be obtained and utilized from the following ongoing monitoring and 
evaluation activities associated with the M&E Program Protocols and Procedures: 
 
 Flow and Water Temperature Monitoring 

 Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

 Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

 2D Hydrodynamic Modeling – physical habitat dynamics and availability 

 Mesohabitat Classification – physical habitat characterization 

 Riparian Vegetation Mapping – juvenile rearing habitat characterization 

 Acoustic Tagging and Tracking – Chinook salmon immigration and holding  

 VAKI™ Riverwatcher Monitoring – adult immigration, temporal distribution 

 Redd Surveys – spawning spatial and temporal distribution, habitat utilization  

 Carcass Surveys – spawning stock escapement estimation 

 Snorkel Surveys – juvenile rearing, spatial/temporal distribution, habitat utilization 

 Rotary Screw Trapping (RST) – juvenile emigration, temporal distribution 

 Genetic Sampling and Characterization – Chinook salmon run differentiation 

 Otolith Sampling and Characterization – natal stream origin, growth, age, and size 
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In addition, the results of other relevant studies pertinent to anadromous salmonids below 
Englebright Dam proposed in the ILP will be incorporated and integrated into the report prepared 
for this study plan.  Applicable and relevant results emanating from ILP studies conducted 
downstream of Englebright Dam potentially include: Channel Morphology Downstream of 
Englebright Dam (Study 1.2); Water Balance/Operations Model (Study 2.2); Water Quality 
(Study 2.3); Water Temperature Monitoring (Study 2.5); Water Temperature Model (Study 2.6); 
Aquatic Macroinvertebrates Downstream of Englebright Dam (Study 3.2); Non-ESA-Listed Fish 
Populations Downstream of Englebright Dam (Study 3.9); ; Riparian Habitat Downstream of 
Englebright Dam (Study 6.2); Narrows 2 Powerhouse Intake (Study 7.2); Instream Flow for 
Steelhead and Chinook Salmon Downstream of Englebright Dam 9Study 7.10); and Assessment 
of Narrows 2 Powerhouse as a Barrier to Anadromous Fish Upstream Migration (Study 7.11). 
 
5.3.3 Step 3 – Conduct Analyses 
 
This study plan will present data compilations and analyses conducted by the RMT, CDFG, and 
YCWA described above pertaining to relevant components associated with the previously stated 
goals of this study plan.  M&E Program data compilations and analytic methods addressing 
Chinook salmon and steelhead/rainbow trout mesohabitats, abundance, spatial and temporal 
distributions of adult immigration, redds, spawning, juvenile rearing and emigration, size and 
growth, and potential relationships with flows and water temperatures will follow the specific 
analytic methods described in the Yuba Accord M&E Program (refer to 
www.yubaaccordrmt.com). 
 
5.3.4 Step 4 – Prepare Report 
 
The report for this study plan will be a synthesis of data presentation and characterization of the 
analytics included in the Yuba Accord M&E Program as well as from the other relevant ongoing 
studies described above, pertaining to relevant components associated with the previously stated 
goals of this study plan. YCWA anticipates that the RMT will complete a draft M&E Program 
report by October 2012; the RMT is charged, through the fisheries agreement of the Yuba 
Accord, with the completion of a final M&E Program report prior to 2016. In the event that it 
becomes apparent that the RMT will not complete the draft report by October 2012, the YCWA 
will undertake the completion of the relevant components of the draft report. 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study, if any.  The report will contain relevant summary data, tables and graphs.  
 

6.0 Study-Specific Consultation 
 
FERC designated YCWA as its non-federal representative for informal consultation under 
Section 7 of the ESA.  YCWA will consult with NMFS. 
 
In addition, YCWA will consult with the Yuba Accord RMT to use data obtained by the RMT 
through implementation of the M&E Program, in support of this study proposal. 
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7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Compile Data from Previous Studies (Step 1) ......................................... October 2011 - May 2012 
Compile Data from Ongoing Studies (Step 2) ................................................... May - August 2012 
Analysis (Step 3) ....................................................................................... August - September 2012 
Prepare Report (Step 4) ........................................................................................... September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methods presented in this study plan are consistent with other generally accepted scientific 
study methods concerning anadromous salmonid population assessments, including those 
conducted by the Resource Agencies in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $270,000 and 
$350,000. 
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ATTACHMENT 7.8A 
TO 

ESA/CESA-LISTED SALMONIDS DOWNSTREAM  
OF ENGLEBRIGHT DAM STUDY 

 
AVAILABLE FIELD STUDIES AND DATA COLLECTION REPORTS 

CDFG. 1978. Yuba River Steelhead, Yuba County. Technical Memorandum, prepared by R. 
Rogers, CDFG Region 2, Rancho Cordova, California.  

 During the winter of 1975-76, records of steelhead caught, size, and angling effort in the 
lower Yuba River were acquired through angler survey questionnaires.  All O. mykiss 14 in. 
total length (TL) or longer were considered steelhead, and O. mykiss less than 14 in. were 
considered resident rainbow trout. Monthly catch rates estimates were divided by various 
assumed harvest rates to devise population estimates.  This technical memorandum suggested 
a reasonable population estimate of 2,000 steelhead, given the methods and assumptions 
utilized.  This technical memorandum also suggested that a good fall-run and winter-run of 
steelhead occurred, indicating the stocking program of O. mykiss during the 1970s had been 
successful and Yuba River steelhead habitat had improved since completion of New Bullards 
Bar Dam.  

CDFG. 1984. Yuba River Steelhead Run During Winter of 1976-77. Technical Memorandum, 
prepared by R. Rogers, CDFG Region 2, Rancho Cordova, California.  

During the winter of 1976-77, CDFG and USFWS conducted trapping for marking and 
tagging and a creel survey to estimate size and timing of the steelhead spawning run, origin 
of spawners (wild vs. hatchery), harvest rate and catch rate by anglers.  Upstream migrant 
steelhead were trapped at a weir located on the lower Yuba River 6 miles upstream from the 
confluence with the Feather River that was fished continuously from September 23, 1976 to 
March 6, 1977. Each morning and evening steelhead in the trap were marked or tagged, 
checked for sex, length, general condition, amount of dorsal fin wear, and scale samples were 
taken before being released upstream.  All O. mykiss observed were equal to or greater than 
16 in. fork length (FL), and were therefore considered to be steelhead rather than resident 
rainbow trout.  

Population estimates based on the Peterson tag-recapture method resulted in an estimate of 
494 steelhead in the annual run, although this technical memorandum acknowledged that 
much of the annual run was not sampled, that sampling was conducted during an extreme 
drought year, and that an estimate of the normal steelhead run as about 2,000 fish seems 
reasonable. 

Two migration peaks of steelhead were observed, one in October and one in February. 
Average fork length of 69 males measured was 24.8 in. with a range of 16 to 33 in.  Average 
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fork length of 77 females measured was 23.6 in. with a range of 16 to 30 in. From dorsal fin 
wear, 49 percent of the steelhead observed were judged to be of hatchery origin, although 
this technical memorandum stated that designating origin of steelhead according to fin wear 
is not entirely reliable. From scale analysis, 50% of the fish were judged to be of wild origin, 
although this technical memorandum also acknowledged that information on the origin of 
fish (wild vs. hatchery) is inconclusive. 

This technical memorandum stated that fishing for steelhead trout on the lower Yuba River 
has improved considerably since New Bullards Bar Reservoir filled in 1970.   

CDFG. 1991.  The Lower Yuba River Fisheries Management Plan Final Report. The Resources 
Agency, CDFG, Stream Evaluation Report No. 91-1. February 1991. 

Between 1986 and 1988, the California Department of Fish and Game (CDFG) and its 
contractor (Beak Consultants Inc. 1989) conducted a comprehensive  series of detailed 
studies addressing fish community structure, fish populations, fish passage, flow-habitat 
relationships, water temperature, water quality,  riparian habitat, and diversion impacts.  
These studies were conducted in four reaches of the lower Yuba River: (1) Narrows Reach 
extending  approximately 2.2 miles below Englebright Dam and downstream of the Narrows 
1 and Narrows 2 powerhouses; (2) Garcia Gravel Pit Reach beginning downstream of the 
Narrows Reach and extending to the DPD located 12.5 miles downstream of Englebright 
Dam; the (3) DPD Reach extending 7.8 miles to the downstream terminus of the Yuba 
Goldfield; and (4) the remaining 3.5 miles below the Simpson bridge to the confluence with 
the Feather River in the town of Marysville.  The results of these studies led to the 
development of CDFG’s The Lower Yuba River Fisheries Management Plan Final Report in 
1991. 

Assessment of the fish community structure within the lower Yuba River included the 
estimation of fish species composition, relative abundance, and distribution parameters using 
electrofishing and snorkel survey techniques.  Both methods were used because of their 
utility in addressing different informational needs of the study.  Snorkeling surveys allowed 
for the characterization of juvenile salmonid habitat during spring months that were 
otherwise inaccessible to boat electrofishing, such as shallow near-shore and riffle areas.  
Electrofishing was conducted primarily to assess those species that were underrepresented in 
snorkel surveys.   

Combined results from the electrofishing and snorkeling surveys resulted in the 
documentation of 15 fish species in the lower Yuba River.  Chinook salmon and steelhead 
were observed in all river reaches downstream of the Englebright Dam, and were the only 
fish species observed in the Narrows Reach. Chinook salmon were the most abundant of all 
fish species in the lower Yuba River representing 49% of total number of fish observed, 
followed by steelhead/rainbow trout representing 22% of the total number of fish observed.   

A total of 1,707 fish were collected by electrofishing with increasing species diversity in the 
downstream direction. Only Chinook salmon and two other fish species were captured in the 
Narrows Reach.  Diversity was greater in the Garcia Gravel Pit Reach including Chinook 
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salmon, steelhead/rainbow trout, and seven other species.  Chinook salmon also were 
collected in the DPD Reach, although steelhead/rainbow trout were not.  Relative abundance 
estimates from electrofishing indicated Chinook salmon and Sacramento sucker were the 
most abundant species, comprising 49% and 32% of total electrofishing efforts, respectively. 
Steelhead/rainbow trout represented less than 1% of lower Yuba River abundance. 

A total of 8,815 fish were observed during snorkeling surveys. Chinook salmon and 
steelhead/rainbow trout were present in all four reaches and were the only fish observed just 
below Englebright Dam in the Narrows Reach. Snorkel survey abundance estimates 
suggested that Chinook salmon were the most abundant fish species in the lower Yuba River 
representing 49% of all fish observed, and steelhead/rainbow trout comprised 22% of total 
observations.  

CDFG (1991) reported that a small spring-run Chinook salmon population historically 
occurred in the Yuba River but the run virtually disappeared by 1959.  As of 1991, a remnant 
spring-run Chinook salmon population reportedly persisted in the lower Yuba River 
maintained by fish produced in the lower Yuba river, fish straying from the Feather River, or 
fish previously and infrequently stocked from the Feather River Hatchery.  CDFG (1991) 
reported that adult spring-run Chinook salmon migrate into the lower Yuba River beginning 
in March extending into July, spend the summer in deep pools in the Narrows Reach, and 
spawn from early to mid-September into November.  Spring-run Chinook salmon juvenile 
rearing reportedly occurred in off-channel areas, and emigration occurred as fry within a few 
weeks of emergence or as larger juveniles as late as June.   

CDFG (1991) reported that approximately 200 steelhead/rainbow trout spawned in the lower 
Yuba River annually prior to 1970. During the 1970s, CDFG annually stocked hatchery 
steelhead from the Coleman National Fish Hatchery into the lower Yuba River, and by 1975 
estimated a run size of about 2,000 fish (CDFG 1991).  CDFG stopped stocking steelhead 
into the lower Yuba River in 1979. CDFG (1991) reported that steelhead enter the lower 
Yuba River as early as August, migration peaks in October through February, and may 
extend through March.  A run of “half-pounder” steelhead reported occurred from late-June 
through the winter months.  Spawning reportedly occurred from January through April with 
egg incubation occurring from January through May, with fry emerging between February 
and June. CDFG (1991) reported that juvenile steelhead reared throughout the year but, 
unlike Chinook salmon in the lower Yuba River, may spend from one to three years in 
freshwater before emigrating primarily from March to June.  CDFG (1991) indicated that 
most juvenile steelhead rearing occurred above DPD in the Garcia Gravel Pit Reach.   

CDFG (1991) reported that adult Chinook salmon densities were greatest in riffle and deep 
pool habitats, whereas juvenile Chinook salmon and steelhead/rainbow trout were highest in 
the fast flowing riffle and run/glide habitats.   

Microhabitat use criteria were developed to address habitat-flow relationships in the lower 
Yuba River for the Chinook salmon spawning, fry, and juvenile rearing lifestages.  Substrate 
criteria used frequency of observation of dominant substrate particle size, whereas water 
depth and velocity criteria were developed by applying the non-parametric tolerance limits 
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method to the frequency-of-use distribution measurements taken on the lower Yuba River.  
CDFG (1991) considered spawning gravel resources in Garcia Gravel Pit and DPD reaches 
of the lower Yuba River to be excellent, and also recommended future habitat improvement 
including construction of shallow rearing areas and off-channel habitat to increase survival of 
fry and juveniles.   

CDFG (1991) also conducted riparian vegetation mapping of lower Yuba River plant 
communities within the study area.  Three plant communities (blue oak/digger pine 
woodland, riparian forest, and grassland/agriculture), one topographic feature (hydraulic 
mine tailings), and one urban region were mapped.  Riparian vegetation accounted for 56% 
of the total lineal shoreline coverage downstream of Englebright Dam.  

SWRI, JSA, and BE. 2000. Hearing Exhibit S-YCWA-19. Expert Testimony on Yuba River 
Fisheries Issues. Prepared for the California State Water Resources Control Board Water Rights 
Hearing on Lower Yuba River February 22-25 and March 6-9, 2000.  

The SWRI et al. (2000) document summarized data collection in the lower Yuba River 
obtained from 1992 through 2000. Since 1992, Jones and Stokes Associates (JSA) biologists 
conducted fish population surveys in the lower Yuba River used snorkel surveys to determine 
annual and seasonal patterns of abundance and distribution of juvenile Chinook salmon and 
steelhead during the spring and summer rearing periods. The SWRI et al. (2000) report stated 
that in general, juvenile Chinook salmon were observed by snorkeling throughout the river 
but with higher abundances above DPD. This report suggested that higher abundances above 
DPD may have been due to larger numbers of spawners, greater amounts of more complex, 
high quality cover, and lower densities of predators such as striped bass and American shad, 
which reportedly were restricted to areas below the dam. 

Chinook Salmon 

The SWRI et al. (2000) report stated that in 1992, beach seining surveys were conducted to 
measure lengths and weights of juvenile Chinook salmon at several locations in the lower 
Yuba River upstream and downstream of DPD. Beach seining was conducted at four sites 
(two upstream and two downstream of DPD) at weekly intervals from April 30, 1992 to June 
5, 1992. Weekly measurements of lengths and weights were also taken from emigrating 
juvenile Chinook salmon at the Hallwood-Cordua fish screen during this period. Major 
findings of the 1992 surveys were summarized in SWRI et al. (2000) as follows. 

 Juvenile salmon in the lower Yuba River exhibited significant growth in 1992. The 
average fork length at the Parks Bar site increased from 51.0 mm on May 1 to 69.1 mm 
on May 29, for an average growth rate of approximately 0.65 mm per day. Although 
accurate estimates of growth were not possible at other sites because of small sample 
sizes, the average sizes of juvenile on specific sampling dates both upstream and 
downstream of DPD were consistent with relatively rapid growth based on generalized 
growth curves for Chinook salmon. 
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 The seining data indicated a general increase in the size of juvenile Chinook salmon with 
distance downstream on any given date, possibly reflecting downstream movement of 
larger fish. 

 Emigrating Chinook salmon salvaged at the Hallwood-Cordua fish screen were larger on 
any given date and encompassed a narrower size range (64.6 mm on April 30 to 77.5 
mm on June 4) than Chinook salmon sampled above DPD. Although differences in 
efficiency existed between beach seining and the fish screen, the larger, more consistent 
size of emigrating juveniles compared to juveniles sampled in the river is consistent with 
the general knowledge that smolt migrations begin after the fish reach a certain size. 

The SWRI et al. (2000) report stated that in 1993, high flows precluded the use of beach 
seines, although direct observations of juvenile Chinook salmon during monthly snorkel 
surveys (March 2, 1993 through August 10, 1993) revealed increases in the average size of 
juvenile salmon from 30-40 mm in early March, to approximately 60-70 mm by mid-June. 
Significant numbers of juvenile Chinook salmon continued to rear in the lower Yuba River 
through August, attaining average sizes of 70-80 mm and maximum sizes up to 120 mm. The 
apparent slower growth rates, longer residence periods, and later emigration timing in 1993 
compared to 1992 were consistent with the hypothesis that emigration readiness is 
determined, at least in part, by the effects of water temperature of growth and development of 
young Chinook salmon during the spring rearing period. SWRI et al. (2000) reported that 
beach seine surveys were again conducted in 1994 at several locations upstream and 
downstream of DPD. The growth rates and body sizes of juvenile Chinook salmon on 
specific dates appeared to be similar to those observed in 1992. 

SWRI et al. (2000) reported that individual lengths and weights of juvenile Chinook salmon 
in 1992 and 1994 were used to calculate condition factors. During the 1992 and 1994 
surveys, fish were also examined for the presence of outward signs of stress (i.e., physical 
abnormalities, lesions, parasites).  In 1992, juvenile Chinook salmon exhibited good 
condition factors at all locations throughout the sampling period (average condition factor 
ranged from 1.01 to 1.21 among all sampling sites and dates). SWRI et al. (2000) suggested 
that growth conditions were better in 1992 than in 1994. In 1994, average condition factors 
among all sampling sites and dates ranged from 0.95 to 1.05. No outward signs of stress were 
observed either in 1992 and 1994. 

The SWRI et al. (2000) report stated that based on daily records of the number of Chinook 
salmon salvaged at the Hallwood-Cordua canal fish screen, the spring emigration period of 
juvenile salmon can begin as early as mid-April and continue until mid-June. However, it 
was noted that CDFG had not initiated salvage operations early enough in the season to 
sufficiently address the overall outmigration period. For the sampling that had been 
conducted, SWRI et al. (2000) reported that most juvenile Chinook salmon emigrated past 
DPD in April and May with peak numbers in early to late May. However, of all fish sampled, 
the median date of emigration past the dam (date when 50% of the total number of fish were 
collected at the Hallwood-Cordua fish screen) varied from late April to early June and was 
positively related to average April-May flow measured at the Smartsville gage.  The report 
also stated that, in general, the median date of outmigration was delayed approximately 7-8 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Revised Study Plan August 2011 
Page 6 of 66 ©2011, Yuba County Water Agency 

days with each 1,000-cfs increase for flows ranging from 400 cfs to 4,000 cfs, and that 
emigration timing during 1992-1994 continued to follow that relationship. 

SWRI et al. (2000) suggested that the relationship between flow and emigration timing may 
reflect the effect of spring water temperatures on salmon growth rates and readiness to 
migrate; low water temperatures associated with high flows during the spring rearing period 
result in slower growth rates and later emigration. Conversely, higher water temperatures 
associated with lower flows result in higher growth rates and earlier emigration. SWRI et al. 
(2000) also suggested that observations of extended rearing of juvenile Chinook salmon into 
the summer months in high-flow years and the consistent size of emigrating juvenile 
Chinook salmon at the Hallwood-Cordua fish screen also support that relationship. 

Steelhead/Rainbow Trout 

The SWRI et al. (2000) report stated that since 1992, snorkeling, electrofishing, and angling 
surveys revealed the presence of large numbers of juvenile steelhead/rainbow trout in the 
lower Yuba River. This report suggested that the presence of a highly-acclaimed sport 
fishery, the lack of direct hatchery influence, and the presence of juveniles represented by a 
number of age classes confirmed that significant natural spawning and rearing of 
steelhead/rainbow trout occurred in the lower Yuba River. The physical appearance of adults 
and the presence of seasonal runs and year-round residents suggested that both sea-run 
(steelhead) and resident rainbow trout existed in the lower Yuba River, although no definitive 
characteristics had been identified to distinguish young steelhead from resident trout. 
Therefore, observations presented in the SWRI et al. (2000) report may apply to juveniles of 
either or both steelhead and resident rainbow trout, as summarized below. 

 The primary spawning and rearing habitat for juvenile steelhead/rainbow trout is 
upstream of DPD. In 1993 and 1994, snorkeling surveys indicated that the population 
densities and overall abundance of juvenile trout (age 0 and 1+) were substantially 
higher upstream of DPD, with decreasing abundance downstream of DPD. In 1992, a 
general increase in the average size of juvenile trout in seine catches from the uppermost 
to the lowermost monitoring sites suggested a similar distribution pattern. 

 Since 1992, a broad range of trout size classes have been observed in the lower Yuba 
River during spring and summer snorkeling, electrofishing, and angling surveys. 
Juvenile trout ranging in size from 40-150 mm were commonly observed upstream of 
DPD. Numerous larger juveniles and resident trout up to 18 inches long were also 
commonly observed in the mainstem upstream and downstream of DPD. 

 The 1999 results of the juvenile steelhead study suggested that the highest abundance of 
young-of-the-year steelhead occurred above DPD despite suitable flow and water 
temperatures below the dam. Age 0 (young-of-the-year) trout were clearly shown by the 
distinct mode in lengths of fish caught by electrofishing (40-100 mm fork length). A 
preliminary examination of scales indicated that most yearling (age 1+) and older trout 
were represented by fish greater than 110 mm long, including most if not all of the fish 
caught by hook and line. The sizes of age 0 and 1+ trout indicated substantial annual 
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growth of steelhead/rainbow trout in the lower Yuba River. Seasonal growth of age 0 
trout was evident from repeated sampling of trout in 1992 and 1999, but actual growth 
rates could not be estimated because of continued recruitment of fry (newly-emerged 
juveniles) or insufficient sample sizes. 

 Approximately 200 juvenile trout in 1992 and 1,100 trout in 1999 were measured, 
weighed, and examined to determine their general health and condition. All trout 
appeared healthy and in good physical condition. Like salmon, condition factors for 
juvenile trout increased with increasing size. In spring 1992, average condition factors 
for age 0 trout (48-82 mm average fork length) ranged from 1.07 -1.34. In summer 1999, 
average condition factors for age 0 trout (43-60 mm average fork length) ranged from 
0.89-1.03, while those of age 1+ and older trout (156-420 mm fork length) averaged 
1.13. 

The SWRI et al. (2000) document also developed proposed minimum instream flow 
requirements which built upon additional information developed since 1992, including fish 
habitat utilization and detailed analyses of fish habitat-flow relationships and water 
availability. Development of the proposed instream flow requirements was based primarily 
on: (1) updated information characterizing Yuba River Basin hydrology and water year type 
classification; (2) water availability assessments for lower Yuba River instream flows, based 
on five water year types; (3) updated and additional lower Yuba River fishery information; 
(4) improved flow-temperature relationships for the lower Yuba River; and (5) a definition of 
maintaining lower Yuba River fish resources in “good condition.” 

CDFG. 2002. Sacramento River Spring-run Chinook Salmon. 2001 Annual Report. Prepared for 
the Fish and Game Commission. Habitat Conservation Division, Native Anadromous Fish and 
Watershed Branch. October 2002. 

CDFG (2002) summarized information from limited upstream migration surveys conducted 
during 2001, reconnaissance-level redd surveys conducted during 2001 and 2002, and rotary 
screw trapping during 2001-2002. CDFG (2002) reported that despite limited information on 
the population size of spring-run Chinook salmon in the lower Yuba River, data at that time 
indicated that adult escapement of spring-run Chinook salmon was relatively low and had 
been greatly reduced from historical levels.  Prior to 2001, when CDFG conducted a study to 
estimate the number of adult spring-run Chinook salmon immigrating into the Yuba River by 
trapping fish in the fish ladder at DPD, there was almost no specific information on the run 
timing and size of the population in the lower Yuba River (CDFG 2002). In the 2001 CDFG 
study, which involved limited sampling of fish ascending the north ladder at DPD, a total of 
108 adult Chinook salmon were estimated to have passed the dam between March 1, 2001, 
and July 31, 2001 (CDFG 2002). 

Based upon reconnaissance-level redd surveys conducted by CDFG on the lower Yuba River 
from the Narrows pool downstream to DPD from August 31 to September 28, 2001, CDFG 
(2002) reported that the first redd was observed on September 7, 2001, and a total of 288 
redds were observed.  They also reported that 205 redds were observed in the lower Yuba 
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River during the same time period in 2000. CDFG (2002) suggested that spring- and fall-run 
Chinook salmon were restricted to spawning in the same reach of the lower Yuba River.  

Rotary screw trap operations were conducted during the 2001-2002 season to document the 
outmigration patterns of juvenile salmonids in the lower Yuba River.  Data collected 
included timing, duration, and size of all Chinook salmon at the time of emigration. Although 
spring- and fall-run spawning occurred in the same physical location, initial length-frequency 
data from juveniles captured in the rotary screw trap indicated the presence of both a 
dominant fall-run and a smaller population of spring-run Chinook salmon CDFG 2002).  
Spring-run Chinook salmon were determined by size-at-date differences through the 
operation of the rotary screw trap. A total of 6,719 juveniles classified as spring-run Chinook 
salmon were captured between November 10, 2001 and May 8, 2002. These juvenile 
Chinook salmon sized ranged from 26mm FL to 108mm FL. 

Lower Yuba River Water Transfer Monitoring Reports 2001 – 2004 

The summaries below regarding recent water transfer studies conducted on the lower Yuba River 
were derived from the following sources:  

YCWA and SWRCB. 2001. Environmental Assessment: Proposed Temporary Transfer of 
Water From Yuba County Water Agency to DWR, Year 2001. Prepared for Yuba County Water 
Agency and the State Water Resources Control Board by EDAW.  

YCWA. 2003. Draft Evaluation of 2002 Yuba River Water Transfers. Prepared for Yuba County 
Water Agency by Surface Water Resources, Inc. January 28, 2003.  

YCWA. 2005. Evaluation of the 2004 Yuba River Water Transfers, Draft. Prepared for Yuba 
County Water Agency by Surface Water Resources, Inc.  

Water transfers and related monitoring studies and evaluations were performed in the lower 
Yuba River during 2001, 2002, and 2004.  The primary fisheries issues evaluated by these 
studies included: (1) juvenile steelhead downstream movement; (2) adult Chinook salmon 
immigration and the potential for increased straying of non-native fish into the lower Yuba 
River; and (3) water temperatures in the lower Yuba River and Feather River. 

The 2001 water transfers (172,000 acre-feet) occurred between approximately July 1, 2001 
and October 14, 2001.  Over a few days, flows increased by about 1,200 cubic feet per 
second (cfs) and were generally sustained in the lower Yuba River through late August when 
ramp-down began.   

The 2002 water transfers (157,050 acre-feet) occurred from mid-June through mid-
September and did not have a definitive ramp-up period.  Instead, the relatively high flows 
that occurred during spring were sustained until initiation of the water transfers.  Relatively 
stable flows of approximately 1,200 to 1,400 cfs at the Marysville gage were maintained 
through August 16, 2002.  The ramp-down period associated with the water transfers began 
on August 17, 2002 and ended on September 16, 2002.  
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The 2004 water transfers (100,487 acre-feet) lacked a definitive ramp-up period.  The 
relatively stable high June flows averaged 946 cfs at Marysville and were sustained through 
the initiation of the transfers (July 1) to the cessation of transfers on August 28, when flows 
were approximately 970 cfs at Marysville.  Although the water transfers continued through 
September, a short ramp-down period occurred from August 28, 2004 through September 1, 
2004, when flows at the Marysville gage were reduced to 531 cfs.  Flows remained low and 
stable during the rest of September, averaging approximately 513 cfs. 

Juvenile Steelhead/Rainbow Trout Non-Volitional Downstream Movement 

Previous reporting of the water transfer studies used the term steelhead when referring to O. 
mykiss juveniles.  However, it is recognized that both anadromous and resident lifehistory 
strategies of O. mykiss have been and continue to be present in the lower Yuba River, and 
that definitive distinction of juveniles between these lifehistory strategies were not previously 
conducted.  Therefore, the following summaries use the term “steelhead/rainbow trout” when 
referring to O. mykiss.  

The 2001 water transfer was characterized by a relatively large, rapid ramp-up period.  A 
week subsequent to the start of the 2001 water transfers, the daily catch at the CDFG 
Hallwood Boulevard (RM 7) RST increased from less than 10 young-of-the-year (YOY) 
steelhead/rainbow trout juveniles per day, to more than 450 YOY per day (CDFG 
unpublished data).  The next week, daily catches decreased to about 190 YOY per day and 
continued to further decrease during the following weeks while the transfers were continuing, 
but still surpassed catches prior to the water transfers, suggesting that juvenile 
steelhead/rainbow trout moved from the upstream reaches of the lower Yuba River to areas 
downstream of Hallwood Boulevard.   

In response to these observations, an instream flow release schedule for the water transfers 
was created by YCWA, NMFS, USFWS, and CDFG to avoid a rapid increase in flow when 
the transfers begin, and to minimize or avoid potential impacts on anadromous fish in the 
lower Yuba River associated with non-volitional downstream movement. During the 2002 
and 2004 water transfers, YCWA maintained instream flows in the lower Yuba River at a 
relatively stable rate in the late spring, with gradual changes in flow rates through initiation 
of the water transfer. Monitoring data (RST catch data) indicated that the large peak in 
downstream movement of juvenile steelhead/rainbow trout observed in 2001 did not occur in 
2002 or 2004.   

Water transfer monitoring in 2001, 2002, and 2004 indicated that the character of the 
initiation of the water transfers could potentially affect juvenile steelhead/rainbow trout 
downstream movement. Based upon the substantial differences in juvenile steelhead/rainbow 
trout downstream movements (RST catch data) noted between the 2001 study, and the 2002 
and 2004 studies, it was apparent that the increases in juvenile steelhead/rainbow trout 
downstream movement associated with the initiation of the 2001 water transfers were 
avoided due to a more gradual ramping-up of flows that occurred in 2002 and 2004. 
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Attraction of Non-natal Adult Chinook Salmon in the Lower Yuba River  

Water transfer monitoring efforts also studied the potential for the Yuba River water transfers 
to affect the straying of Feather River hatchery Chinook salmon into the lower Yuba River 
via decreased water temperatures and increased flow relative to the Feather River.  YCWA 
and CDFG monitoring efforts in 2001, 2002, and 2004 water transfer years indicated that 
Chinook salmon of hatchery origin ascended the fish ladders at DPD in the lower Yuba River 
during both the water transfer and non-transfer periods.  Chinook salmon of hatchery origin 
also have been observed ascending the Yuba River in non-transfer years (CDFG unpublished 
data).   

Sampling of adult Chinook salmon via ladder trapping at DPD during 2001 was not sufficient 
to provide a dataset that could be statistically analyzed, and although 2002 data were 
statistically analyzed, a number of unexpected procedural difficulties were encountered 
resulting in low reliability of 2001 and 2002 abundance estimates.  However, observations 
made during these water transfer studies led to the June 2003 installation of a 
VAKIRiverwatcher system, an infrared detection device, as well as a photographic recorder 
at DPD.   

The use of the VAKIRiverwatcher as a counting device enabled more efficient and reliable 
monitoring of adipose fin-clipped and non-adipose fin-clipped adult Chinook salmon that 
immigrated into the lower Yuba River before, during, and after the 2004 water transfer.  
Estimates were conducted of immigration rates (fish/day), abundance of adipose fin-clipped 
and non-adipose fin-clipped adult Chinook salmon, and proportions of adipose fin-clipped 
adult Chinook salmon.  The findings of these analyses led to the following general 
conclusions:  

 The temporal distributions of the daily counts of adipose fin-clipped and non-adipose 
fin-clipped adult Chinook salmon likely were reflections of Chinook salmon adult 
immigration life stage periodicity, with the relatively abundant fall-run Chinook salmon 
mostly migrating during the post-transfer period. 

 The estimates of the proportions of clipped adult Chinook salmon to the total number of 
adult Chinook salmon immigrating into the lower Yuba River did not suggest the 
attraction of non-natal adult Chinook salmon during the 2004 transfer period, because 
the proportion calculated for the transfer period was not greater than the proportions for 
the pre-transfer and post-transfer periods. 

 Multivariate time series analyses indicated that the immigration rates of non-adipose fin 
clipped and adipose-fin clipped Chinook salmon in 2004 were not significantly 
associated with: (1) attraction flows, defined as the difference between lower Yuba River 
and Feather River flows; or (2) attraction water temperatures, defined as the difference 
between lower Yuba River and Feather River water temperatures. 
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JSA. 2003, 2007, and 2008. Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan. November 2003. Lower Yuba River Redd Dewatering and Fry Stranding 
Study 2007 Annual Report (JSA 2007) and Lower Yuba River Redd Dewatering and Fry 
Stranding Study 2008 Annual Report (JSA 2008). 

In D-1644, the SWRCB in 2001 directed YCWA to submit a plan, in consultation with 
USFWS, NMFS, and CDFG that describes the scope and duration of future flow fluctuation 
studies to verify that Chinook salmon and steelhead redds are being adequately protected 
from dewatering with implementation of D-1644 criteria (JSA 1992). In RD-1644, the 
SWRCB in 2003 readopted this requirement. After various comments and revisions, the 
March 2002 Plan (Plan) was approved by the SWRCB on April 17, 2002. Phase I of the Plan 
was undertaken in 2002, and implementation of Phase II of the Plan continues. 

These studies combine habitat mapping, field surveys, and information on the timing and 
distribution of fry rearing in the lower Yuba River to evaluate the effectiveness of D-1644 
flow fluctuation and reduction criteria in protecting Chinook salmon and steelhead/rainbow 
trout fry.  Two studies were conducted and summarized in the 2007 and 2008 Lower Yuba 
River Redd Dewatering and Fry Stranding Annual Reports (JSA 2007, 2008) to the SWRCB.   

The first Lower Yuba River Redd Dewatering and Fry Stranding Study was conducted in 
April 2007 to evaluate bar and off-channel stranding of juvenile salmonids associated with a 
flow reduction of 1,300-900 cfs (at Smartsville) at a ramping rate of 100 cfs per hour.  Bar 
stranding was again evaluated in June with a temporary flow reduction of 1,600-1,300 cfs at 
a rate of 100 cfs per hour.   Snorkel surveys were conducted between Rose Bar and the 
Highway 20 Bridge in the lower Yuba River.  During the April 5, 2007 drawdown, field 
crews observed 8 stranded salmon fry in the interstitial spaces of substrates on bar slopes 
(perpendicular to shoreline) ranging from 0.5 to 5.5%.  No stranded fish were observed 
during surveys conducted on June 18, 2007.  The presence of both juvenile Chinook salmon 
and steelhead/rainbow trout were confirmed in shallow, near-shore areas adjacent to the 
study sites, suggesting that the risk of bar stranding is greatly reduced by June.  Following 
April 5, 2007 flow reductions, a total of 11,100 juvenile Chinook salmon were found in 20 
isolated off-channel habitats.  Most (93%) of the isolated juveniles were newly emerged and 
exhibited a length ranging from 30 to 50 mm.  

An update Lower Yuba River Redd Dewatering and Fry Stranding Study was subsequently 
conducted from May 29, 2008 through June 4, 2008 with a scheduled flow reduction on June 
1, 2008.  Two of the three potential stranding locations had changed since the 2007 study.  A 
total of 7 stranded trout fry (ranging between 30-35mm) were observed in the interstitial 
spaces of substrates on bar slopes (perpendicular to shoreline) ranging from 2.0 to 5.7%.  
Following the June 1, 2008 flow reductions, 266 juvenile salmonids were isolated in 6 off-
channel sites.  JSA (2008) suggested that the preliminary findings indicated that juvenile 
steelhead/rainbow trout fry may be less vulnerable to off-channel stranding than juvenile 
Chinook salmon because of their more restricted distribution and inability to access off-
channel areas under late spring flow conditions.  Long-term monitoring of several isolated 
off-channel sites confirmed that some sites can support juvenile salmonids for long periods 
and even produce favorable summer rearing conditions.   
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In accordance with the Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan (2003), YCWA and JSA will continue to monitor and evaluate 
stranding risk and flow-habitat relationships for off-channel stranding.  Future actions will 
include the following : (1) continued evaluation of the effects of time of day (night versus 
day) on stranding risk of juveniles; (2) inspection of interstitial habitats along the river 
margins to determine the presence of young fry before bar stranding evaluations; (3) 
evaluation of the effects of higher ramping rates (>100 cfs per hour) on stranding risk of 
larger fry and juveniles; (4) continued evaluation of the relationship between flow range and 
the number, area, and distribution of off-channel sites that become disconnected from the 
main river; (5) evaluation of the effect of peak winter and spring flows on the incidence of 
off-channel stranding; and (6) continued monitoring of habitat conditions and survival of 
Chinook salmon and steelhead/rainbow trout in selected off-channel monitoring sites where 
stranding is frequently observed.   

Massa, D. 2004.  Yuba River Juvenile Chinook Salmon (Oncorhynchus tshawytscha), and 
Juvenile Central Valley Steelhead Trout (Oncorhynchus mykiss), Life History Survey: Annual 
Data Report 2003-2004.  California Department of Fish and Game Annual Report, Sacramento 
Valley & Central Sierra Region, Rancho Cordova, CA. 

This study was conducted to continue development of baseline information for the Central 
Valley Project Improvements Act’s (CVPIA), Anadromous Fish Restoration Program 
(AFRP) for juvenile Chinook salmon and steelhead/rainbow trout lifehistory strategies on the 
lower Yuba River.  Data were collected to determine the timing and duration of downstream 
emigration, abundance and/or relative abundance, and to monitor the condition and size of 
outmigrating juvenile Chinook salmon and steelhead/rainbow trout.  Emigrating juvenile 
Chinook salmon were coded-wire tagged (CWT) in an effort to enumerate and determine the 
relative contribution to adult escapement on the lower Yuba River.   

Juvenile Chinook salmon and steelhead trout were captured using a rotary screw trap (RST) 
with an eight-foot diameter cone placed in the lower Yuba River located approximately 6 
miles east of the city of Marysville, adjacent to the south end of Hallwood Boulevard.  
Except during extraordinarily high water flows or during periods of excessive debris, the trap 
was fished 24-hours-per-day, seven-days-a-week from October 15, 2003 through June 17, 
2004 following its installation on October 1, 2003.   

Twenty-one species of fish were captured in the RST including a total of 307,297 juvenile 
Chinook salmon.  Steelhead/rainbow trout were captured less frequently and totaled 590 fish 
during the October – June trapping period.  This study revealed that peak catches of juvenile 
Chinook salmon on the lower Yuba River occur between December and March, which is 
approximately one month earlier than observed during previous monitoring efforts.  Over 
67,000 juvenile Chinook salmon were captured during the first two weeks of December 
2003, and captures remained high until mid-March 2004. A total of 21,396 captured fry for 
the month of March 2003 signified the conclusion of peak emigration for juvenile Chinook 
salmon.  Massa (2004) suggested that three runs of Chinook salmon (spring-, fall-, and late-
fall run) were identified by modal distributions of captures at the RST.  Spring-run Chinook 
salmon were first observed on November 1, 2003, followed by fall-run observations in 
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December 2003, and late-fall run during mid-April 2004.  Fall-run Chinook represented the 
majority of juveniles captured in the lower Yuba River.  Coded Wire Tagging (CWT) began 
November 26, 2003 and ended June 15, 2004 with the majority of tagging occurring during 
peak emigration between December 9, 2003 and March 18, 2004.  Of the 307,397 total 
juvenile Chinook salmon captured in the RST, 185,305 juvenile Chinook salmon were 
successfully injected with a CWT and adipose-fin clipped prior to release.  

Kozlowski, J.F. 2004. Summer Distribution, Abundance, and Movements of Rainbow Trout 
(Oncorhynchus mykiss) and other Fishes in the Lower Yuba River, California. UC Davis Thesis. 

Kozlowski (2004) conducted electrofishing (early-July and late-August), two mid-channel 
snorkel surveys (late-July and early-September), and river margin surveys (mid-August) just 
prior to the second electrofishing period during 2000. In addition, he reviewed 1999-2000 
salvage data for the Hallwood-Cordua canal, a diversion canal located at DPD, and 1999-
2001 trapping data for the Hallwood rotary screw trap (RST) near Hallwood Boulevard.  
These surveys were conducted to assess the distribution, abundance, and movement of 
steelhead/rainbow trout and other species below Englebright Dam.   

The study focused on the portion of the lower Yuba River between Marysville and the 
Narrows within the following four reaches: (1) the Simpson Lane Bridge (about RM 3.2) to 
the Yuba Goldfields (about RM 8.3); (2) the western boundary of the Yuba Goldfields (about 
RM 8.3) to DPD (about RM 11.5); (3) upstream from DPD (about RM 11.5) to the upstream 
side of Long Bar (about RM 16.2); and (4) Highway 20 (about RM 16.2) to the downstream 
side of the Narrows (about RM 22.2).   

Backpack electrofishing and snorkel survey data collection methods were used to estimate 
distribution and abundance population parameters for various life stages of steelhead/rainbow 
trout, as well as assess the aquatic community composition in the lower Yuba River.  Fish 
screen salvage at DPD and rotary screw trapping methods were used to assess fish 
movements within the lower Yuba River, including above and below DPD.  Age-0, juvenile, 
and adult summer distribution, abundance and movements were investigated between 1999 
and 2000.   

During the study a total of at least 12 species were observed including Chinook salmon and 
steelhead/rainbow trout.  Kozlowski (2004) found higher abundances of juvenile and adult 
steelhead/rainbow trout above DPD, relative to downstream of DPD.  Chinook salmon 
occurrence and abundance increased throughout the summer.  

Kozlowski (2004) observed age-0 and adult steelhead/rainbow trout throughout the entire 
study area, with highest densities in upstream habitats and declining densities with increasing 
distance from the Narrows.  Total numbers of juvenile and adult steelhead/rainbow trout 
observed below DPD accounted for 18 to 26% of the total number of steelhead/rainbow trout 
observed in the study area.  The distribution of age-0 steelhead/rainbow trout observed 
appeared to be related to the distribution of spawning adults.  The majority of redds observed 
during snorkel surveying occurred in the upstream reach between Long Bar and the Narrows 
during winter and spring 2000.   
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Some age-0 steelhead/rainbow trout dispersed downstream soon after emerging, beginning in 
July and August, and continued throughout the year (Kozlowski 2004).  Salvage data at the 
Hallwood-Cordua fish screen suggested that most juvenile fish initiated their downstream 
movements immediately preceding and following a new moon, indicating the presence of 
lunar periodicity in the timing or outmigration patterns in the lower Yuba River (Kozlowski 
2004).   

Kozlowski (2004) stated that flow and temperature did not appear to cause age-0 
steelhead/rainbow trout to initiate these downstream movements since these factors varied 
little or not at all during the duration of the summer.  Similarly, water temperatures remained 
within the range preferred by steelhead/rainbow trout throughout the study area and did not 
vary substantially among reaches.  As a result, the distributional pattern of steelhead/rainbow 
trout in the study area could not be explained by differences in water temperatures in the 
lower Yuba River.   

Kozlowski (2004) found that the density of age-0 steelhead/rainbow trout was positively 
correlated to median substrate size of the upstream reach suggesting suitable rearing habitat 
for this life stage in the lower Yuba River.  Juvenile and adult steelhead/rainbow trout were 
observed in greater numbers in pool habitats, and identified more frequently downstream of 
the Narrows, than in run habitats. Kozlowski (2004) suggested that results of this study 
indicated a relatively higher degree of habitat complexity, suitable for various life stages, in 
the reaches just below the Narrows compared to farther downstream.  This includes greater 
occurrence of pools-type microhabitat suitable for juvenile and adult steelhead/rainbow 
rearing and holding, as well as small boulders and cobbles preferred by the age-0 emerging 
life stage.   

Growth of age-0 steelhead/rainbow trout in the lower Yuba River was relatively slow 
throughout the summer, averaging between 47.9 mm (July 3 2000 - July 14, 2000) and 56.5 
mm (August 25, 2000 – September 11, 2000) during the summer (Kozlowski 2004). The 
mean size observed in the lower Yuba River during this study was reportedly smaller than 
the August mean fork length (70 mm) reported by Cavallo et al. (2003; as cited in Kozlowski 
2004) for age-0 rainbow trout in the low flow channel of the lower Feather River, and the 
lower American River in July (82 mm) reported by Snider and Titus (1994) but may be due 
to the presence of sampling biases inherent to electrofishing and snorkeling or seining 
methods.  In a comparison of sampling methodology for this study, Koslowski (2004) 
suggested that snorkeling methods underestimated age-0 steelhead/rainbow trout numbers at 
sites where electrofishing yielded relatively high catches, but appeared to be a better 
estimator of fish density at sites where electrofishing yielded low numbers and was attributed 
to steelhead/rainbow trout fleeing sampling sites rather than hiding in the substrate as the 
electrofishing crew sampled the river margin. 

Massa, D. and C. McKibbin. 2005.  Yuba River Juvenile Chinook Salmon (Oncorhynchus 
tshawytscha), and Juvenile Central Valley Steelhead Trout (Oncorhynchus mykiss), Life History 
Survey: Annual Data Report 2004-2005.  California Department of Fish and Game Annual 
Report, Sacramento Valley & Central Sierra Region, Rancho Cordova, CA.   
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Massa and McKibbin (2005) is a continuation of the Life History Surveys for the annual 
period extending from 2004-2005.  Juvenile Chinook salmon and steelhead/rainbow trout 
were captured using two rotary screw traps (RST) with an eight-foot diameter cone placed in 
the lower Yuba River approximately 6 miles east of the city of Marysville, adjacent to the 
south end of Hallwood Boulevard.  Except during extraordinarily high water flows or during 
periods of excessive debris, the traps were fished 24 hours per day, 7 days a week from 
October 21, 2004 through June 27, 2005 (Trap 1) and from April 26, 2005 to June 20, 2005 
(Trap 2). 

Twenty-two species of fish were captured in the RST including a total of 285,034 juvenile 
Chinook salmon.  Steelhead/rainbow trout were captured less frequently and totaled 614 fish 
during the trapping periods.  Massa and McKibbin (2005) suggested that peak catches of 
juvenile Chinook salmon on the lower Yuba River were observed later in the calendar year 
than in the previous 2003-2004 season, but were consistent with observations from earlier 
monitoring efforts (1999-2002). 

Massa and McKibbins (2005) suggested that three runs of juvenile Chinook salmon (spring-, 
fall-, and late-fall run) were identified by modal distributions of captures at the RST.  Fall-
run Chinook represented the majority of juveniles captured in the lower Yuba River.  CWT 
began November 29, 2004 and ended June 7, 2005 with the majority of tagging occurring 
during peak emigration between early January 2005 and late February 2005.  Of the 285,034 
total juvenile Chinook salmon captured in the RST, 242,774 juvenile Chinook salmon were 
successfully injected with a CWT and adipose-fin clipped prior to release.  

JSA. 2006.  2003 Fall-run Chinook salmon spawning escapement in the Yuba River. Prepared 
for Yuba County Water Agency by Jones and Stokes Associates, Inc.  

JSA (2006) reported that annual surveys of Chinook salmon carcasses have been conducted 
on the lower Yuba River since 1953 to estimate fall-run Chinook salmon (Oncorhynchus 
tshawytscha) spawning escapement (i.e., the number of salmon that return to spawn each 
year). They reported that CDFG has conducted annual surveys of Chinook salmon carcasses 
on the lower Yuba River from 1953 to 1989, but suspended its surveys because of budget 
cuts. In response, YCWA with the assistance of JSA in 1991, conducted subsequent 
escapement surveys through 2003. CDFG assisted JSA from 1992 through 1994. In 2002 and 
2003, additional funding was provided by the California Department of Water Resources 
(CDWR) and the Pacific States Marine Fisheries Commission (PSMFC) to ensure a complete 
search for tagged hatchery strays. The main objective of the annual carcass surveys was to 
estimate annual spawning escapement of fall-run Chinook salmon in the lower Yuba River 
downstream of Englebright Dam.   

JSA (2006) reported an estimate of 28,897 Chinook salmon spawned in the lower Yuba 
River based on surveys conducted during 2003. JSA (2006) reported that the average 
spawning escapement for 1996–2003 was estimated to be 24,563 fish, which was  
substantially higher than the average of 13,809  for the preceding period between 1972–1995 
representing the post–New Bullards Bar Reservoir period. Overall, average spawning 
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escapement for the pre- and post-reservoir periods (1953–1971 and 1972–2003) was 12,906 
and 16,050 fish, respectively. 

Grover, A. and B. Kormos. (undated). The 2006 Central Valley Chinook Age Specific Run Size 
Estimates.  Scale Aging Program, California Department of Fish and Game 475 Aviation Blvd, 
Suite 130 Santa Rosa, CA 95403 

Through scale aging, this study produced age-structured hatchery and natural escapement 
estimates for all principal reaches and runs of Chinook salmon (Oncorhynchus tshawytscha) 
in the Central Valley. Digital imaging and reading techniques were used, and a modified 
maximum likelihood estimator based on the work of Kimura and Chikuni (1987; as cited in 
Grover and Kormos undated) was utilized. This method uses known, aged CWT salmon 
scale samples in conjunction with those of unknown aged (non-CWT) fish to create bias-
corrected age proportions from which age-specific run size estimates were made. Grover and 
Kormos (undated) reported that preliminary results showed that there are differences between 
the age structure of hatchery and natural escapement. In addition, they indicated that there are 
age structure differences among the Chinook lifehistory types present in the Central Valley. 
Results from this study indicated that in the lower Yuba River about 4.5% of the 2006 total 
escapement was comprised of 2 year old Chinook salmon, 16% were age 3, and 79.5% were 
age 4.   

Grover, A. and B. Kormos. (undated). The 2007 Central Valley Chinook Age Specific Run Size 
Estimates.   Scale Aging Program, California Department of Fish and Game 475 Aviation Blvd, 
Suite 130 Santa Rosa, CA 95403 

Results from the 2007 evaluation utilized the same methods and procedures described for the 
2006 evaluation (presented above).  Grover and Kormos (undated) stated that there are 
differences between the age structure of hatchery and natural escapement, and among the 
Chinook life history types present in the Central Valley. Results from this study indicated 
that in the lower Yuba River about 3% of the 2007 total escapement was comprised of 2 year 
old Chinook salmon, 36% were age 3, 59% were age 4, and 1.6% were age 5.  

NMFS. 2007. Biological Opinion on the Operation of Englebright and Daguerre Point Dam on 
the Yuba River, California. File Number 151422-SWR-2006-SA00071:MET (PCTS # 
2007/01232). November 21, 2007. 

In November 2007, NMFS issued a BO on the operation of USACE’s facilities on the Yuba 
River, including DPD and Englebright Dam.  Central Valley spring-run Chinook salmon and 
Central Valley steelhead passage at DPD was addressed in the BO, although NMFS (2007) 
stated that a final preferred alternative was not identified to alleviate passage impediment 
issues at DPD.  The BO did not address project effects on the threatened southern-DPS of 
North American green sturgeon.   

According to NMFS (2007), infrared and videographic sampling at ladders located at DPD 
since 2003 has provided more robust estimates of spring-run Chinook salmon numbers 
migrating into the lower Yuba River. NMFS (2007) reported preliminary estimates of adult 
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spring-run Chinook salmon ascending DPD as 1,250 in 2003, 431 in 2004, 1,019 in 2005, 
217 in 2006, and 242 in 2007.  However, NMFS (2007) considered these numbers to be 
preliminary, minimum estimates, because periodic problems with the sampling equipment 
resulted in periods when fish ascending the ladders were not counted, so it is likely that the 
actual numbers are higher than those reported. NMFS (2007) observed that the detection of 
adipose fin clips on some of these fish indicated that they were hatchery strays, most likely 
from the Feather River Hatchery, and that the short time period in which this sampling has 
been conducted, coupled with the salmon’s three to four year life cycle made it difficult to 
determine decisive trends in the spring-run Chinook salmon population.  While the data from 
2006 and 2007 indicate a reduction in total abundance, passage in May (the primary spring-
run migration month) of 2007 was the highest detected in that month since the sampling has 
been conducted (NMFS 2007). 

Based on infrared and videographic sampling at both DPD fish ladders since 2003, NMFS 
(2007) reported that minimum, preliminary estimates of the number of steelhead ascending 
DPD were 170 in 2003, 762 in 2004, 356 in 2005, 150 in 2006, and 511 in 2007. 
Additionally, because steelhead can be similar in size to many other species of fish in the 
Yuba River, only those inferred images that were backed up by photographic images clearly 
showing that the fish was a steelhead were included in the counts (NMFS 2007). Therefore, 
NMFS (2007) stated that it is likely that the actual numbers of steelhead passing DPD were 
higher than those reported.  The data indicated that through the first half of the month of July 
2007, upstream adult steelhead passage at DPD was the highest since the device was installed 
in 2003, although determination of decisive trends in the Yuba River steelhead population 
was difficult at that time (NMFS 2007). 

Massa, D.  2008.  Lower Yuba River Chinook Salmon Escapement Survey: October 2007 – 
January 2008.  California Department of Fish and Game Annual Report, North Central Region, 
Chico, CA. 

This report presents results of Chinook salmon spawning escapement surveys during 2007 to 
2008, as well as summary information from preceding years. Massa (2008) reported that 
although escapement surveys were conducted on the lower Yuba River to estimate the 
number of returning adult Chinook salmon since 1953, previous estimates were infrequent 
and unlike more recent surveys (1994, 1996-2006), because methods were not consistent 
from year to year. Survey duration and area of sampling varied, resulting in data that were 
statistically inappropriate for trend analysis.  

Massa (2008) estimated 2,604 Chinook salmon (2,423 adult and 81 grilse) spawned in the 
lower Yuba River survey area during the period of October 2, 2007 to January 3, 2008. This 
estimate was the lowest observed in twelve consecutive years, and was less than a third of the 
escapement estimate reported for 2006 (8,231 fish). 

Separate estimates could not be created for each of the six survey reaches due to low sample 
size, although previous surveys have suggested that the majority of spawning occurs above 
DPD (JSA 2006; Massa 2006; Massa 2007). Approximately 70% of the returning 
escapement in 2006 utilized the area between the Narrows pool and DPD (Massa 2007).  
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Massa (2008) stated that although it is difficult to accurately determine time of spawning 
from carcass recovery dates, spring-run carcasses, as identified through CWT recovery,  were 
recovered between October 3, 2007 and October 16, 2007.  As observed in 2005, all spring-
run Chinook salmon recoveries were from the Feather River Hatchery. A single fall-run 
recovery also originated from the Feather River Hatchery. No recoveries were observed from 
the CDFG’s wild-tagging operation (Lower Yuba River Life History Investigation) during 
this survey. As observed in 2005 and 2006, the majority of Feather River Hatchery strays 
were from plants transported far from their natal hatchery, mostly to San Pablo Bay via the 
Wickland Oil net pens (Massa 2008). 

Beginning in 2005, the Feather River Hatchery began tagging early arriving (May/June) 
spring-run Chinook salmon with floy tags and releasing these fish to the river. Incidentally, 
two of these floy-tagged Feather River spring-run Chinook salmon have been collected 
during escapement surveys on the lower Yuba River - one in 2006 and one in 2007 (Massa 
2008).  

Scale samples were collected at random from October 2, 2007 through January 3, 2008. As a 
result of low overall sample numbers, an attempt was made to collect scales from all fresh 
carcasses encountered. A total of 346 samples were collected.  

Annual population abundance estimates of Chinook salmon for the Sacramento-San Joaquin 
River system, including the lower Yuba River, have been complied by the CDFG Fisheries 
Branch Anadromous Resource Assessment Unit and presented as an independent dataset in 
GrandTab.  The GrandTab report is a compilation of sources estimating the late-fall, winter, 
spring, and fall-run Chinook salmon populations for all streams surveyed in the Central 
Valley and are based on counts of fish entering hatcheries, migrating past dams, annual 
carcass surveys, live fish counts, and ground and aerial redd surveys.  Population estimate 
sources for GrandTab include: (1) CDFG; (2) USFWS; (3) CDWR; (4) the East Bay 
Municipal Utilities District; (5) PG&E; and (6) the Fisheries Foundation of California.  Fall-
run Chinook salmon have been monitored since 1952, spring-run Chinook salmon since 
1960, and late-fall and winter Chinook salmon runs since 1970. 

Zimmerman, C., G. Edwards, and K. Perry. 2009.  Maternal origin and Migratory History of 
Steelhead and Rainbow Trout Captured in Rivers of the Central Valley, California.  Trans. of the 
Amer. Fish. Soc. 138:280-291.  February 23, 2009.  

Zimmerman et al. (2009) stated that the treatment of sympatric life history forms as single 
populations exhibiting polyphenism or as reproductively isolated populations has profound 
implications in decisions related to protection and recovery of species (Zimmerman and 
Reeves 2000; McEwan 2001; as cited in Zimmerman et al. 2009).  Zimmerman et al. (2009) 
analyzed otolith strontium:calcium (Sr:Ca) ratios to determine maternal origin (anadromous 
vs. non-anadromous) and migratory history (anadromous vs.  non-anadromous) of O. mykiss 
collected in Central Valley rivers between 2001 and 2007, including the lower Yuba River.  

Fish were captured by various sampling techniques including beach seining, rotary screw 
trapping, electrofishing, carcass surveying, and hook and line.   
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A total of 964 otoliths were examined to determine age, maternal origin, and migratory 
history. Age-0 fish were collected from only three sites: Deer Creek, lower Yuba River, and 
Calaveras River. Zimmerman et al. (2009) found that age and length composition of samples 
varied among locations, and that mean length-at-age varied among locations. They 
determined mean fork length of steelhead and rainbow trout collected from the lower Yuba 
River as age-0 (68mm ± 24mm), age-1 (228mm ± 2mm), age-2 (271mm ± 24mm), age-3 
(348mm ± 25mm), and age-4 (424mm ± 29mm). 

Of the 964 otoliths examined from Central Valley streams, 224 were classified as steelhead 
progeny and 740 were classified as progeny of rainbow trout females. The proportion of 
steelhead progeny in the lower Yuba River (about 13%) was intermediate to the other rivers 
examined (Sacramento, Deer Creek, Calaveras, Stanislaus, Tuolumne, and Merced), which 
ranged from 4% in the Merced River to 74% in Deer Creek (Zimmerman et al. 2009).  

Mitchell, W.T. 2010. Age, Growth, and Life History of Steelhead Rainbow Trout (Oncorhynchus 
mykiss) in the Lower Yuba River, California.  ICF International. March 2010.  

Steelhead/rainbow trout age structure, lifehistory, stock composition, origin, and growth in 
the lower Yuba River were analyzed using scales, which is an effective method for 
determining these life history characteristics, as well as the relationships between growth, life 
history variation, and recruitment (Mitchell 2010).  Scales from 787 juvenile and adult 
steelhead/rainbow trout were collected in the lower Yuba River from 1998 to 2007.  Most 
fish were collected by trapping, angling, and electrofishing. Upstream migrants were 
captured at DPD between November 11, 2000 and March 12, 2001.  The remainder of 
sampling was conducted opportunistically via hook-and-line angling from 2004 to 2007.   

Scales were taken from 142 age 0+ and age 1+ steelhead/rainbow trout collected by 
electrofishing during July to September 1999 and July to August 2000. Sampled fish 
averaged 107 mm FL and ranged from 68 to 198 mm FL.  Of 467 juvenile and adult 
steelhead rainbow trout collected by angling between September 1998 and June 2007, only 
four fish were identified as steelhead and ranged in length from 438 to 559 mm FL.  Scales 
taken from 71 juvenile and adult steelhead/rainbow trout trapped in the fish ladder at DPD 
from November 1, 2000 through March 28, 2001averaged 401 mm FL and ranged from 220 
to 720 mm FL, with ten fish identified as steelhead and ranging in length from 453 to 720 
mm FL (Mitchell 2010).  

Scale analysis indicates the presence of at least four age categories for steelhead/rainbow 
trout in the lower Yuba River that spent 1, 2, or 3 years in freshwater and 1 year at sea before 
spawning.  Mitchell (2010) does not report any steelhead/rainbow trout spending more than 1 
year at sea before returning to spawn.  Two of the 14 steelhead sampled were returning to 
spawn for a second time.  A relatively higher proportion of age-3/1 were reported.   

Results from Mitchell (2010) indicate steelhead/rainbow trout in the lower Yuba River are 
exhibiting a predominately residential life history pattern. He found that only 14% of samples 
gathered from DPD, and 1% from angling were anadromous steelhead adults.  Based on scale 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Revised Study Plan August 2011 
Page 20 of 66 ©2011, Yuba County Water Agency 

analysis, nearly all fish had spent 1 to 4 winters in freshwater with no evidence of ocean 
residence (Mitchell 2010). 

Mitchell (2010) reported that back-calculation of fork length (FL) showed substantial 
variability in size and growth for steelhead/rainbow trout juvenile age classes (0+ and 1+ 
fry).  Late summer emerging 0+fry were smaller (<70mm FL) than average (108mm FL) by 
the end of their first winter, while early spring emergers were generally larger than average 
by the end of winter.  Age 1+ juveniles grew 146mm in length following their first winter, 
reaching an average FL of approximately 265mm by the end of their second winter.  Analysis 
of scale growth patterns indicate a period of accelerated growth during the spring peaking in 
the summer months, and followed by decelerated growth in the fall and winter.  Following 
the second winter, steelhead/rainbow trout in the lower Yuba River exhibit reduced annual 
growth in length with continued growth in mass until reaching reproductive age.  
Additionally, more rapid juvenile and adult steelhead/rainbow trout growth occurred in the 
lower Yuba River compared to the lower Sacramento River and Klamath River 
steelhead/rainbow trout, with comparable growth rates to steelhead/rainbow trout in the 
upper Sacramento River (Mitchell 2010). 

Garza, J.C., and D.E. Pearse. (undated).  Population Genetic Structure of Oncorhynchus 
mykiss in the California Central Valley. Final report for California Department of Fish and Game 
Contract # PO485303.  University of California, Santa Cruz and NOAA Southwest Fisheries 
Science Center. 

Garza and Pearse (undated) reported that genotype data was collected from 18 highly 
variable microsatellite molecular markers in more than 1,600 fish from the Central Valley 
region sampled by CDFG biologists, as well as a sample of adult steelhead from Battle Creek 
sampled by the USFWS. Analyses of these data examined population structure within the 
region, relationships between populations above and below barriers to anadromy, 
relationships of Central Valley populations with coastal steelhead populations, and 
population genetic diversity.  

The analysis in Garza and Pearse (undated) focused on 17 initial “population” samples, 
comprised of fish sampled from the Kings, Tuolumne, Stanislaus, Calaveras, American, 
Yuba, Feather, Butte, Deer, Battle, and McCloud river sub-basins. Additional analyses were 
conducted with data from the same microsatellite markers in rainbow trout hatchery stocks 
and steelhead from coastal and California Central Valley populations. These analyses 
examined whether specific fish are, or are descended, from hatchery strains used in local 
stocking efforts, as well as providing biogeographic context for the Central Valley regional 
results. Garza and Pearse (undated) reported that in general, all naturally-spawned 
populations within the Central Valley basin were closely related, regardless of whether they 
were sampled above or below a known barrier to anadromy. This is due to some combination 
of pre-impoundment historic shared ancestry, downstream migration and, possibly, limited, 
anthropogenic, upstream migration. However, lower genetic diversity in above-barrier 
populations indicates a lack of substantial genetic input upstream and highlights lower 
effective population sizes for above-barrier populations. In contrast to coastal steelhead, 
close relationships were not found between populations above and below barriers within the 
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same sub-basin. Instead, above-barrier populations clustered with one another and below-
barrier populations clustered with one another in all tree analyses. The consistent clustering 
of the above-barrier populations with one another, and their position in the California-wide 
trees, indicate that they are likely to most accurately represent the ancestral population 
genetic structure of steelhead in the Central Valley (Garza and Pearse undated). 

Garza and Pearse (undated) also identified possible heterogeneity between samples from 
different tributaries of the upper Yuba and Feather rivers, although Linkage (gametic phase) 
Disequilibrium (LD) was lower in these populations. Other than in the Nimbus Hatchery 
sample, only one other fish, in the lower Yuba River population, was identified as a hatchery 
fish with high confidence. In fact, the salient characteristic of population structure for Central 
Valley O. mykiss inferred from this study is that the populations of naturally-spawning fish 
sampled here are all closely related, regardless of whether they are currently above or below 
barriers to anadromy. This indicates that hatchery rainbow trout planted above dams in the 
region have not replaced O. mykiss populations trapped upstream of dam construction, fish 
commonly referred to as residualized steelhead (Garza and Pearse undated). 

Garza and Pearse (undated) stated that these results indicate smaller effective size in above-
barrier populations, which is consistent with the expectation of decreased upstream migration 
and the lost influx of new genes through migration. This situation will lead to gradual genetic 
erosion, which can contribute to eventual population extirpation (Srikwan and Woodruff 
2000 as cited in Garza and Pearse undated). Facilitating upstream migration might help to 
alleviate such eventual genetic effects, but may also counteract the potential adaptation of 
above-barrier populations that is expected because of the strong selection against 
downstream migration in such populations (Garza and Pearse undated).  

Garza and Pearse (undated) stated that efforts to integrate above-barrier populations with 
those below dams to increase overall effective size of steelhead populations and reestablish 
historical connectivity should also proceed with great caution, as these fish have been under 
very strong selection against anadromy since dam construction. The consequences of such 
integration are not known, but could range from beneficial increases in genetic diversity and 
effective size, to decreased fitness of hybrids and various ecological interactions such as 
competition or direct predation (Garza and Pearse undated). 
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OTHER RELEVANT DOCUMENTS 

CDFG. 1993.  Restoring Central Valley streams: A plan for action.  The Resources Agency, 
CDFG, Sacramento, California.  November 1993.   

The CDFG (1993) report assessed the condition of Central Valley anadromous fish habitat 
and associated riparian wetlands, and set priorities for taking actions to restore and protect 
aquatic ecosystems that support fish and wildlife and to protect threatened and endangered 
species.  Priorities were identified to guide future efforts toward restoration. On the lower 
Yuba River, priority actions included installing fish screens on lower Yuba River diversions, 
improving spawning and rearing habitat, and protecting and managing riparian habitat.  
Recommendations for administrative actions to improve anadromous fish habitat in the lower 
Yuba River also included specific stream flow recommendations which were consistent with 
the CDFG (1991) report titled The Lower Yuba River Fisheries Management Plan Final 
Report.  The recommendations also included target water temperatures, although no specific 
water temperature studies, flow-temperature relationships, or water temperature availability 
studies were presented.   

Busby, P.J., T.C. Wainwright & G.J. Bryant.  1996.  Status review of West Coast steelhead 
from Washington, Idaho, Oregon, and California.  U.S. Department of Commerce, NOAA 
Technical Memorandum, NMFS-NWFSC-27.  261 pp. 

The NMFS Biological Review Team (BRT) prepared a Status review of West Coast 
steelhead from Washington, Idaho, Oregon, and California which presented environmental 
and biological information concerning steelhead  populations in Washington, Idaho, Oregon, 
and California. The BRT identified 15 steelhead ESUs throughout the region of evaluation, 
12 of which include coastal forms including the Central Valley, and 3 of which include 
inland forms.   

Within the Central Valley, the Yuba Rivers and others (i.e., the American, Feather, and 
possibly the upper Sacramento and Mokelumne rivers), were identified as have naturally 
spawning populations (CDFG 1995 as cited in Busby et al. 1996), but have had substantial 
hatchery influence and their ancestry was not clearly known. Genetic data was the primary 
evidence considered for the reproductive isolation criterion, supplemented by inferences 
about barriers to migration created by natural geographic features.  

This document reported conclusions reached by the BRT for determining whether the listing 
of west coast steelhead under the ESA would be warranted.  The BRT reported that few 
detailed studies existed on the relationship between resident and anadromous O. mykiss in 
the same location, but that each of the ESUs included multiple spawning and resident 
populations of O. mykiss. Additionally, genetic studies generally show that rainbow trout and 
steelhead from the same area may share a common gene pool. The BRT reports that progeny 
of nonanadromous O. mykiss can be anadromous, and that anadromous O. mykiss can 
produce nonanadromous progeny, however,  evidence exists to suggest substantial genetic 
divergence between resident and anadromous fish in areas where resident populations have 
been isolated by long-standing natural barriers.  
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The BRT reported the status of native natural steelhead in the Yuba River as unknown, 
although the population appeared to be stable and supporting a fishery (McEwan and Jackson 
1996 as cited in Busby et al. 1996) likely due to influence by Feather River Hatchery fish. 
The BRT also concluded that the Central Valley steelhead ESU was in danger of extinction, 
and that introgression from hatchery fish may be a concern in the Yuba River and throughout 
the Central Valley.   

Biologists familiar with the stock of the Yuba River steelhead suggest that almost no natural 
production of steelhead occurs on the Yuba River (Hallock 1989 as cited in Busby et al. 1996).  
However, Busby et al. 1996 also identified two areas of scientific uncertainty regarding natural 
reproduction including as deficiency of recent run-size estimates for natural steelhead stocks, and 
uncertainty in determining which populations to include in the ESU considering that there was 
substantial question regarding the genetic heritage of natural populations in the Central Valley.   

Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle.  1996.  Historical and 
present distribution of Chinook salmon in the Central Valley Drainage of California.  In: Sierra 
Nevada Ecosystem Project, Final Report to Congress, vol. 111, Assessments, Commissioned 
Reports, and Background Information (University of California, Davis, Centers for Water and 
Wildland Resources, 1996). 

This report summarized historical accounts of spring-run Chinook salmon populations, 
including the Yuba River.  Yoshiyama et al. (1996) reported that prior to the impacts 
associated with gold mining, dam construction, and water diversions, large numbers of 
spring-run Chinook salmon were taken by miners and Native Americans as far upstream as 
Downieville on the North Yuba River.  During the construction of the original Bullards Bar 
Dam (1921 - 1924), numerous Chinook salmon congregated and died below the dam.  Due to 
their presence high in the watershed, Yoshiyama et al. (1996) concluded that these fish were 
spring-run Chinook salmon. In addition, this report indicated that prior to the construction of 
Englebright Dam, CDFG fisheries biologists observed large numbers of steelhead spawning 
in the uppermost reaches of the Yuba River and its tributaries. 

CDFG. 1996. Steelhead Restoration and Management Plan for California. Prepared by D. 
McEwan and T. Jackson. Inland Fisheries Division, Sacramento, CA. 

CDFG developed the Steelhead Restoration and Management Plan for California (Steelhead 
Plan) in 1996 as a component of the SB 2261 program. As mandated by The Salmon, 
Steelhead Trout, and Anadromous Fisheries Program Act of 1988 (SB 2261), a policy of the 
State of California is to significantly increase the natural production of salmon and steelhead, 
and directed CDFG to develop a program that strives to double naturally spawning 
anadromous fish populations by the year 2000.  

CDFG (1996) reported that the Yuba River historically supported the largest, naturally-
reproducing, persistent population of steelhead in the Central Valley, and that wild stocks in 
the Sacramento River system are mostly confined to upper Sacramento River tributaries such 
as Antelope, Deer, and Mill creeks and the Yuba River. This report, referencing CDFG 
(1991), stated that the lower Yuba River maintained natural production, and was managed by 
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CDFG as a naturally sustained population. CDFG (1996) reported that the run size for the 
Yuba River in 1984 was estimated to be about 2,000 steelhead (CDFG 1984 as cited in 
CDFG 1996).  

This report stated that as of 1996, the status of the Yuba River steelhead population was 
unknown, although it appeared to be stable and continued to support a steelhead fishery, and 
that the Yuba River was essentially the only wild steelhead fishery remaining in the Central 
Valley. This report, referencing CDFG (1991), reported that the lower Yuba River was 
annually stocked with 27,270 to 217,378 yearling steelhead from the Coleman National Fish 
Hatchery between 1970 to 1979, and that as of 1996 it was unknown whether the steelhead 
stock was of native origin or was derived from the planting of Coleman National Fish 
Hatchery fish.  Although no specific water temperature studies, flow-temperature relationship 
evaluations, or water temperature availability studies were presented, CDFG (1996) 
suggested that low flows and elevated water temperatures resulting from water diversions 
had affected the anadromous populations of the lower Yuba River. 

The CDFG (1996) report recommended that efforts should continue to seek adequate flows 
and temperatures, and implement restoration actions for the lower Yuba River.  This report 
also stated that CDFG should continue to manage the lower Yuba River as a wild steelhead 
fishery, and recommended that hatchery steelhead not be planted in the lower Yuba River. 

NMFS. 1997. Status review update for West Coast steelhead from Washington, Idaho, Oregon, 
and California. Memorandum date 7 July 1997 from the Biological Review Team to the 
National Marine Fisheries Service Northwest Regional Office. Online at 
http://www.nwr.noaa.gov/1salmon/salmesa/pubs/sru970707.pdf 

This report summarizes conclusions of the NMFS Biological Review Team (BRT) regarding 
the Central California Coast, South-Central California Coast, Southern California, Central 
Valley, Upper Columbia River, and the Snake River Basin ESUs.  The west coast steelhead 
biological review team (BRT), convened by NMFS, reviewed comments and new data 
received from federal, state, and tribal agencies, nine west coast fisheries scientists, and the 
public solicited in response to the proposed rule, Busby et al. 1996 Status Review for West 
Coast Steelhead from Washington, Idaho, Oregon, and California August 1996.  

The BRT notes new information from CDFG, including some additional counts of juvenile 
steelhead in the mainstem San Joaquin River and the Stanislaus River, and noted additional 
information on the distribution of steelhead in the San Joaquin System (Yoshiyama et al. 
1996 as cited in NMFS 1997).  However, the BRT determined that for the Central Valley 
ESU, no new information was provided that was sufficient to estimate population trends.  No 
changes were made to the geographic delineation of the Central Valley steelhead ESU, ESU 
distribution, population-trends, or to the assessment of Central Valley steelhead ESU risk of 
extinction. Additionally, the BRT concluded that any ESU identified in geographic region of 
California’s Central Valley would almost certainly be considered at risk of extinction. The 
BRT recognized that native steelhead may no longer exist in many streams in the Central 
Valley and that under some ESU configurations, identification of any native, naturally-
spawning fish of ESA concern may be difficult.   
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CDFG. 1998. A Status Review of the Spring-Run Chinook Salmon (Oncorhynchus tshawytscha) 
in the Sacramento River Drainage.  Candidate Species Status Report 98-01.  CDFG, 
Sacramento, CA. 

This status report was prepared in response to a petition to list Sacramento River spring-run 
Chinook salmon as an endangered species pursuant to the California Endangered Species Act 
(Fish and Game Code Sections 2050 et seq.).  Based on information available to CDFG at 
that time, and in consideration of existing and future proposed actions affecting spring-run 
Chinook salmon, CDFG (1998) concluded spring-run Chinook salmon to be threatened.   

Regarding the lower Yuba River, this report suggested that spring-run Chinook salmon 
populations may be hybridized to some degree with fall-run Chinook salmon due to lack of 
spatial separation of spawning habitat.  CDFG (1998) suggested measures to improve habitat 
and survival of spring-run Chinook salmon in the lower Yuba River, including: (1) 
supplement flows with water acquired from willing sellers; (2) reduce flow fluctuations; (3) 
maintain adequate instream flows for temperature control; (4) screen all diversions to meet 
CDFG and National Marine Fisheries Services (NMFS) criteria; (5) improve fish bypass at 
water diversions; (6) improve adult and juvenile passage at DPD; (7) maintain and improve 
riparian habitat; (8) operate reservoirs to provide adequate water temperatures; (9) evaluation 
of the feasibility of removal of Englebright Dam to re-introduce spring-run Chinook salmon 
to their historic range; and (10) changing CDFG fishing regulations to prevent take of adult 
spring-run Chinook salmon during upstream migration. 

Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. 
Grand, F.W. Waknitz, K. Neely, S.T. Lindley, and R.S. Waples. 1998. Status review of 
Chinook salmon from Washington, Idaho, Oregon, and California. U.S. Dept. Commer., NOAA 
Tech. Memo. NMFS-NWFSC-35, 443 p. 

This document reports results of the comprehensive ESA status review of Chinook salmon 
from Washington, Oregon, California, and Idaho. To provide a context for evaluating these 
populations of Chinook salmon, biological and ecological information for Chinook salmon in 
British Columbia, Alaska, and Asia were also considered. NMFS formed a team of scientists 
with diverse backgrounds in salmon biology to conduct this review. This Biological Review 
Team (BRT) for Chinook salmon included fisheries scientists, and federal and state agencies.   

The BRT addressed issues related to the definition of Distinct Population Segments, 
population abundance, and causes of decline for Chinook salmon.  Ecoregions delineated in 
this report include those geographic areas throughout the broad distribution of Chinook 
salmon, including California’s Central Valley.  The BRT analyzed regional variations in life-
history, ecology, and genetic information as part of the assessment regarding California 
Central Valley Chinook salmon.  The report includes discussion and conclusions specific to 
Central Valley spring-run and fall-run ESU’s found in the Sacramento, Feather, and Yuba 
rivers.  

 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Revised Study Plan August 2011 
Page 26 of 66 ©2011, Yuba County Water Agency 

NMFS (2007) reports that historically, spring-run Chinook salmon were predominant 
throughout the Central Valley, occupying the upper and middle reaches (450-1,600 m in 
elevation) of several rivers including Yuba, Feather, and Sacramento rivers, with smaller 
populations in most other tributaries with sufficient cold-water flow to maintain spring-run 
adults through the summer prior to spawning (Stone 1874, Rutter 1904, and Clark 1929 as 
cited in NMFS 2007). CDFG (1965) as cited in NMFS (2007), reported spring-run Chinook 
salmon to be extinct in the Yuba, American, Mokelumne, Stanislaus, Tuolumne, Merced, and 
San Joaquin Rivers. However, populations of spring-run Chinook salmon in the Sacramento 
and Yuba rivers were identified as being at a moderate risk of extinction (Nehlsen et al. 1991 
as cited in NMFS 2007).  

Calkins et al. (1940) estimated abundance at 55,595 fish in the Sacramento River Basin 
during the period 1931-39 (NMFS 2007). In the early 1960s, adult escapement was estimated 
to be 327,000, predominantly in the mainstem Sacramento River (187,000), but with 
substantial populations in the Feather (50,000), American (36,000), and Yuba (22,000) 
Rivers and in Battle Creek (21,000); remaining escapement was scattered among numerous 
tributaries (CDFG 1965 as cited in NMFS 2007). 

NMFS. 1998. Endangered and threatened species: Threatened status for two ESUs of steelhead in 
Washington, Oregon, and California. Federal Register [Docket No. 980225046-8060-02, 19 March 1998] 
63(53):13347. 
 

NMFS filed a final rule, notice of determination regarding the listing of two O. mykiss ESUs 
as threatened under the Endangered Species Act (ESA) located in Washington, Oregon, and 
California (Lower Columbia River) and including the Central Valley.  The Central Valley, 
California steelhead ESU occupies the Sacramento and San Joaquin Rivers and their 
tributaries.  NMFS (1998) has identified only naturally spawned populations of steelhead 
(and their progeny) residing below naturally and man-made impassable barriers (e.g., 
impassable waterfalls and dams) as threatened. 

The BRT identified long-term declines in abundance, small population sizes in the 
Sacramento River, and the high risk of interbreeding between hatchery and naturally 
spawned steelhead as major concerns for steelhead in this ESU. Addition, the BRT 
emphasized the significant loss of historic habitat, degradation of remaining habitat from 
water diversions, reduction in water quality and other factors, and the lack of monitoring data 
on abundance as other important risk factors for this ESU. During the examination of the 
relationship between hatchery and natural populations of steelhead assessed whether any 
hatchery populations are essential for their recovery. At this time, no hatchery populations 
are deemed essential for recovery (and hence listed) in either of the two listed ESUs. At this 
time, NMFS is listing only anadromous life forms of O. mykiss. NMFS(1998) concluded that 
Central Valley steelhead warrant listing as a threatened species at this time but may be 
reconsidered if new information indicates a substantial change in the biological status of this 
ESU or the direction of restoration efforts in the Central Valley. 
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YCWA. 2000. Draft Environmental Evaluation Report, Yuba County Water Agency, Yuba River 
Development Project (FERC No. 2246). Prepared by Yuba County Water Agency, Surface 
Water Resources Inc., and Jones and Stokes Associates. December 2000. 

An Environmental Evaluation Report was prepared to address potential effects of the 
operation of Yuba River Development Project (YRDP) on anadromous salmonids in the 
lower Yuba River below Englebright Dam.  The report was prepared in response to the 
listing of steelhead as threatened in March 1998, the listing of spring-run Chinook salmon in 
September 1999, and designation of critical habitat in February 2000.  The report evaluated 
potential flow and water temperature related effects, and compared instream conditions prior 
to the completion of New Bullards Bar Dam in 1970, and since that time.  In addition, the 
report listed several conservation measures being undertaken as part of YRDP operations in 
the lower Yuba River. 

Yoshiyama, R., E. Gerstung, F. Fisher, and P. Moyle.  2001.  Historical and Present 
Distribution of Chinook Salmon in the Central Valley Drainage of California.  In Contributions 
to the Biology of Central Valley Salmonids, California Fish and Game, Bulletin 179, Volume 1.  
Salmonid Symposium, Bodega Bay, California. October 22-24, 1997, Randall Brown, editor. 

This report characterized historic distributions of Chinook salmon throughout the Central 
Valley of California and states that both spring- and fall-run Chinook salmon historically 
occurred in the Yuba River watershed. 

Yoshiyama et al. (2001) reported that salmon were caught in the North Fork Yuba River by 
PG&E workers in the Bullards Bar area during the 1898–1911 period of operation of the 
Yuba Powerhouse Project, and that salmon ascended in “considerable numbers” up to 
Bullards Bar Dam during its period of construction (1921–1924).  This report stated that 
there were no natural barriers above the Bullards Bar Dam site, so Chinook salmon and 
steelhead presumably had been able to ascend a considerable distance up the North Fork 
Yuba River, potentially as far as Downieville at the mouth of the Downie River (CDFG file 
records as cited in Yoshiyama et al. 2001). This report further suggested that: (1) there were 
no natural obstructions from Downieville upstream to Sierra City, where Salmon Creek 
enters, spring-run Chinook salmon and steelhead most likely were able to traverse that 
distance; (2) spring-run Chinook salmon and steelhead probably ascended the higher-gradient 
reaches up to about two miles above the juncture of Salmon Creek; and (3) the absolute 
upstream limit on the North Fork Yuba River would have been Loves Falls for spring-run 
Chinook salmon and steelhead.  

This report stated that in the Middle Fork Yuba River, there were no significant natural 
obstructions except for a 10-foot falls in the lower reach, and Chinook salmon possibly had 
access to a considerable portion of the Middle Fork Yuba River. Both Chinook salmon and 
steelhead were observed in the lower part of the Middle Fork Yuba River, near where the 
North Fork Yuba River joins, during a CDFG survey in 1938 (CDFG unpublished data as 
cited in Yoshiyama et al. 2001). Steelhead were found as far upstream as the mouth of 
Bloody Run Creek (CDFG unpublished data as cited in Yoshiyama et al. 2001). Whether 
Chinook salmon also reached that far remains conjectural.  Yoshiyama et al. (2001) 
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concluded that direct information was lacking and it was uncertain if many salmon were able 
to surmount the 10-foot falls on the lower river, and they conservatively considered the falls 
located 1.5 mi. above the mouth as the effective upstream limit of salmon in the Middle Fork 
Yuba River.  

Yoshiyama et al. (2001) reported that little is known of the original distribution of salmon in 
the South Fork Yuba River where the Chinook salmon population was severely depressed 
and upstream access was obstructed by dams when CDFG began surveys in the 1930s. There 
were records of salmon occurring within one to two miles upstream of the mouth of the 
South Fork Yuba River (DFG unpublished data as cited in Yoshiyama et al. 2001). A 
substantial cascade with at least a 12-foot drop, located one-half mile below the juncture of 
Humbug Creek (CRA 1972; Stanley and Holbek 1984; as cited in Yoshiyama et al. 2001), 
may have posed a significant obstruction to salmon migration, but it was not necessarily a 
complete barrier. However, Yoshiyama et al. (2001) categorized the cascade below Humbug 
Creek as essentially the historical upstream limit of salmon during most years of natural 
streamflows. They also stated that steelhead were known to have ascended the South Fork 
Yuba River as far as the juncture of Poorman Creek near the present town of Washington 
(CDFG unpublished data as cited in Yoshiyama et al. 2001), and perhaps some spring-run 
Chinook salmon historically also reached that point.  

CDWR and USACE. 2003a. Daguerre Point Dam Fish Passage Improvement Project 2002 
Fisheries Studies – Analysis of Potential Benefits to Salmon and Steelhead from Improved Fish 
Passage at Daguerre Point Dam. Prepared for CDWR and USACE by ENTRIX, Inc. and J. 
Monroe. March 2003.  

The purpose of this report was to examine available data on habitat conditions, flow, passage, 
and spawning above and below DPD to assist in the analysis of potential benefits or impacts 
of improved passage at the dam prior to selection of an alternative concept(s) for 
consideration in the environmental review process. The report included a review of available 
data from CDFG, USFWS, JSA, and other sources.  It also incorporated field observations of 
river habitat conditions made by ENTRIX, Inc. (ENTRIX) in September of 2002 (ENTRIX 
and J. Munroe 2003 as cited in CDWR and USACE 2003).  The report described channel 
morphology, spawning habitat suitability, historical and potential habitat use by species, 
water temperature, hydrology, as well as discussions regarding conceptual benefits and 
impacts for different fish passage alternatives. 

CDWR and USACE. 2003b. Daguerre Point dam fish passage improvement project 2002 water 
resources studies. Prepared for CDWR and USACE by ENTRIX, Inc. June 2003.  

The purpose of this report was to summarize and analyze the available hydrologic (including 
groundwater and flooding), hydraulic, and sediment data for the lower Yuba River.  This 
report characterized the conditions on the river, including hydrology (groundwater and 
surface water), flow hydraulics, sediment transport, and flooding as part of the DPD Fish 
Passage Improvement Project. 
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USACE. 2003. Daguerre Point Dam Fish Passage Improvement Project – Alternative Concepts 
Evaluation. Prepared for ENTRIX, Inc. by W. Rodgers, Inc. September 2003.   

USACE (2003) focused conceptually on improving fish passage for native anadromous fish 
species at DPD while maintaining water interests and flood management.  Project alternative 
feasibility was assessed with consideration given to fisheries benefits and limitations, 
environmental impacts, sediment/mercury containment, water supply impacts, operation and 
maintenance requirements, engineering and construction demands, and economics.   

YCWA. 2003. Initial Study/Proposed Mitigated Negative Declaration for the Narrows 2 
Powerplant Flow Bypass System Project. November 2003. 

The Initial Study (YCWA 2003) addressed the environmental impacts of construction and 
operation of a synchronous full-flow bypass at YCWA’s Narrows 2 Powerplant.  Prior to 
implementation of the Narrows 2 Powerplant Full-flow Bypass System, the Narrows 2 
Powerplant did not allow the full-flow capacity to be bypassed during non-operation.  Even a 
brief loss of power resulted in a substantial loss of river flow.  YCWA (2003) suggested that 
any facility shutdowns, particularly those occurring during the warm and dry summer 
months, could result in flow and temperature conditions in the lower Yuba River potentially 
detrimental to fish by increasing water temperatures in the river above physiologically 
suitable levels, or reducing flow magnitude to levels that could result in redd dewatering or 
juvenile stranding. 

The primary objectives of the Narrows 2 Powerplant Full-flow Bypass System Project were 
to: (1) maintain more stable releases from the Narrows 2 Powerplant during emergency and 
maintenance shutdowns at the same flow rate as was being discharged before the shutdown 
occurred; and (2) make the flow fluctuation and reduction criteria stated in YCWA’s FERC 
License No. 2246 more protective of downstream fish species than the criteria that were 
previously stated in that license.  Detailed information on the population status, lifestages, 
general population trends, and critical habitat for Central Valley spring-run Chinook salmon 
and Central Valley steelhead in the lower Yuba was provided in Appendix B to the IS/MND.   

Since the issuance of the SWRCB Yuba Accord Water Rights Decision (D-1644) in March 
2008, a full-flow bypass structure has been installed on the Narrows 2 hydropower facility 
which will essentially eliminate the potential for detrimental flow and temperature 
fluctuations to occur in the lower Yuba River associated with maintenance and operation of 
the Narrows 2 Powerplant.   

YCWA, FERC, and NMFS. 2003. Biological Assessment, Yuba River Development Project 
(FERC No. 2246) Proposed License Amendment. Prepared for Yuba County Water Agency, 
Federal Energy Regulatory Commission, and National Marine Fisheries Services by Surface 
Water Resources, Inc.  

This Biological Assessment addressed a proposed amendment to the Federal Power Act 
(FPA) license for Project No. 2246 issued to the YCWA by the Federal Power Commission 
(FPC). Pursuant to 50 CFR 402.11, YCWA filed with the Federal Energy Regulatory 
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Commission (FERC), a definitive proposal to amend the license to: (1) authorize YCWA to 
construct and operate a synchronous full-flow bypass (bypass) at YCWA’s Narrows II 
Powerhouse; and (2) revise the license’s flow reduction and fluctuation criteria. 

This Biological Assessment concluded that the Proposed Action generally will improve 
conditions for Central Valley spring-run Chinook salmon and steelhead in the lower Yuba 
River by largely eliminating adverse effects on those species resulting from unplanned 
outages at the Narrows 2 Powerhouse; the primary element of the Proposed Action that will 
have this effect is the installation of a synchronous full-flow bypass at the Narrows II 
Powerhouse. Biological effects of short-term outages were expected to be eliminated by 
providing essentially simultaneous restoration of flows. Biological effects of long-term 
outages on spring-run Chinook salmon and steelhead were expected to be eliminated by 
allowing YCWA to bypass almost the entire river flow without generating electricity.  

CALFED and YCWA. 2005. Draft Implementation Plan for the Lower Yuba River Anadromous 
Fish Habitat Restoration: Multi-Agency Plan to Direct Near-Term Implementation of Prioritized 
Restoration and Enhancement Actions and Studies to Achieve Long-Term Ecosystem and 
Watershed Management Goals. Prepared by Lower Yuba River Fisheries Technical Working 
Group. Funded by CALFED and Yuba County Water Agency. October 2005. 

The purpose and goal of the CALFED and YCWA (2005) report was to facilitate the 
implementation of prioritized actions and studies that intended to protect, enhance, and 
restore: (1) the Yuba River aquatic and riparian habitats; (2) the key processes that create and 
maintain these habitats; and (3) the anadromous fish species that use such habitats.   

The report described abiotic (geomorphology, water flow, and water temperature) and biotic 
(habitat, species-specific profile and population status) conditions in the lower Yuba River 
watershed to provide a technical basis for the development of species-specific conceptual 
models to assess how physical conditions may be affecting the anadromous fish species of 
primary management concern (i.e., spring- and fall-run Chinook salmon, steelhead, green 
sturgeon, American shad and striped bass).  The conceptual models prioritized potential life-
stage specific stressors that may negatively affect fish survival, growth or other critical 
lifecycle processes.  

CALFED and YCWA (2005) identified major factors (directly flow-related) influencing the 
status of naturally-spawning spring-run Chinook salmon and steelhead in the lower Yuba 
River including: (1) restricted flow-dependent habitat availability; (2) limited habitat 
complexity and diversity; (3) elevated water temperatures; and (4) flow fluctuations. Major 
factors (not directly flow-related) influencing the status of naturally-spawning spring-run 
Chinook salmon and steelhead in the Yuba River were identified as: (1) blockage of historic 
spawning habitat resulting from the construction of the Englebright Dam in 1941, which has 
implications for the spatial structure of the populations; (2) impaired adult upstream passage 
at DPD; (3) unsuitable spawning substrate in the uppermost area (i.e., Englebright Dam to 
the Narrows) of the lower Yuba River; (4) limited riparian habitats, riverine aquatic habitats 
for salmonid rearing, and natural river function and morphology; and (5) impaired juvenile 
downstream passage at DPD. 
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Good, T.P., R.S. Waples, and P. Adams (editors). 2005. Updated status of federally listed 
ESUs of West Coast salmon and steelhead. U.S. Dept. Commer., NOAA Tech. Memo. NMFS-
NWFSC-66, 598 p.  

This report summarizes biological information updated from the 1999 status review for the 
26 ESUs of listed salmon and steelhead, and one candidate ESU (lower Columbia coho 
salmon), and presents the team’s conclusions regarding the current risk status of the these 
ESUs. The status of the Central Valley spring-run Chinook salmon ESU, which includes 
populations found on the Yuba River, was formally assessed during a coastwide status 
review (Myers et al. 1998). In June 1999, a BRT convened to update the status of this ESU 
by summarizing information and comments received since the 1997 status review and 
presenting BRT conclusions concerning four deferred Central Valley Chinook salmon ESUs 
(NMFS 1999). The Good et al. (2005) Biological Review Team (BRT) consisted of scientists 
from the NMFS Northwest and Southwest Fisheries Science Centers, and supplemented by 
experts on particular species from NMFS and other federal agencies 

Good et al. (2005) suggests that previous status reviews were focused primarily on risk 
assessments, and (apart from the discussion of resident fish in steelhead ESUs) did not 
consider issues associated with the geographic boundaries, artificial propagation, or non-
anadromous resident forms of ESUs. These issues, as well as hatchery information from the 
Salmon and Steelhead Hatchery Assessment Group (SSHAG), and updated stock histories 
and biological information for every hatchery population, were further reviewed by Good et 
al. (2005) to obtain a better understanding of the nature and role of hatcheries associated with 
each listed ESU and to facilitate conclusions about the ESU/DPS status of resident fish.   

Good et al. (2005) reports that of the numerous populations of Central Valley spring-run 
Chinook salmon once inhabiting Sierra Nevada streams, only the Feather River and Yuba 
River populations remain. The BRT indicates that little is known about the status of the 
spring-run Chinook salmon population on the Yuba River, other than that it appears to be 
small (Good et al. 2005). 

The Feather and Yuba rivers contain populations that are thought to be significantly 
influenced by the Feather River Hatchery spring-run Chinook salmon stock. The Feather 
River Hatchery spring-run Chinook salmon program releases its production far downstream 
of the hatchery, causing high rates of straying (CDFG 2001a). The BRT suggests there is 
concern that Central Valley fall-run and spring-run Chinook salmon have hybridized, and 
that the Feather River Central Valley spring-run Chinook salmon population is depends on 
Feather River Hatchery production (Good et al. 2005). The BRT reports the Feather River 
Hatchery stocks as a major threat to the genetic integrity of the remaining wild, spring-run 
Chinook salmon populations. 

Good et al. (2005) indicates that Yuba River spring-run Chinook salmon, Feather River 
Hatchery spring-run Chinook salmon, and putative Feather River natural spring-run Chinook 
salmon, were categorized into a large cluster composed mostly of natural- and hatchery-
origin fall-run Chinook salmon. In the original Chinook salmon status review conducted by 
Myers et al. (1998), a majority of the BRT members concluded that the Central Valley 
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spring-run Chinook salmon ESU was in danger of extinction (Good et al. 2005). Listing of 
this ESU was deferred, and in the status review update conducted by NMFS (1999), the BRT 
majority shifted to the view that this ESU was not in danger of extinction, but was likely to 
become endangered in the foreseeable future (Good et al. 2005). A major reason for this shift 
was data indicating that a large run of spring-run Chinook salmon on Butte Creek in 1998 
was naturally produced, rather than strays from Feather River Hatchery. Naturally spawning 
spring-run Chinook salmon in the Feather River were included in the listing, but the Feather 
River Hatchery stock of spring-run Chinook salmon was excluded. Little is known about the 
status of the spring-run Chinook salmon population on the Yuba River, other than that it 
appears to be small. 

NMFS. 2005. Preliminary Biological Opinion Based on Review of the Proposed Yuba River 
Development Project License Amendment for Federal Energy Regulatory Commission License 
No. 2246, Located on the Yuba River in Yuba County, California, and Its Effects on Threatened 
Central Valley Spring-Run Chinook Salmon (Oncorhynchus Tshawytscha) and Central Valley 
Steelhead (O. Mykiss), in Accordance With Section 7 of the Endangered Species Act of 1973, As 
Amended. November 4, 2005.  

NMFS issued a preliminary biological opinion (BO) to FERC which analyzed the potential 
effects of the proposed Yuba River Development Plan License Amendment (FERC License 
No. 2246) on threatened Central Valley spring-run Chinook salmon and Central Valley 
steelhead.   Subsequent to the completion of this BO, the action area was proposed for 
designation as critical habitat for these two fish species, as well as for the southern-DPS of 
North America green sturgeon.  A final rule designating critical habitat was published 
September 2, 2005 (70 FR 52488) and became effective January 2, 2006.  Therefore the 
NMFS (2005) Preliminary BO as a final BO considering effects of the Yuba River 
Development Plan on Central Valley spring-run Chinook salmon and Central Valley 
steelhead, and as a conference opinion considering project effects on the Southern-DPS of 
North American green sturgeon.   

NMFS (2005) provided a review of available information that generally described lifehistory 
characteristics for lower Yuba River threatened species.  NMFS (2005) reported that a loss of 
habitat and altered instream flow conditions were the primary factors affecting the status of 
critical habitat for spring-run Chinook salmon.  Additionally, NMFS (2005) reported that 
predation by striped bass and largemouth bass may be exacerbated by the alteration of natural 
flow regimes and structures.   

Gard, M. 2007.  Flow-habitat relationships for spring and fall-run Chinook salmon and 
steelhead/rainbow trout spawning in the Yuba River.  Draft report prepared by the Energy 
Planning and Instream Flow Branch of the USFWS, Sacramento, CA. April 19, 2007. 

This draft report presented flow-habitat relationships for spring- and fall-run Chinook salmon 
and steelhead/rainbow trout spawning in the lower Yuba River.  This draft report used the 2-
dimensional hydraulic model River2D and habitat suitability criteria (HSC) developed for the 
lower Yuba River from data collected during 2000 – 2004. Representatives of YCWA, 
PG&E, and UC Davis submitted comments on this draft report, requesting necessary 
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revisions to the hydraulic model, and particularly to the HSC development.  Although the 
report was revised in March 2008, The issues raised in the comments remain unresolved.   

Lindley, S., R. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. 
May, D. McEwan, R. B. MacFarlane, C. Swanson, and J. G. Williams.  2007.  Framework 
for Assessing Viability of Threatened and Endangered Chinook Salmon and Steelhead in the 
Sacramento-San Joaquin Basin.  San Francisco Estuary & Watershed Science Volume 5:  
California Bay-Delta Authority Science Program and the John Muir Institute of the Environment. 

This report provided a framework to assess the viability of threatened and endangered 
Chinook salmon and steelhead in the Sacramento-San Joaquin basin, and included some 
information regarding the Yuba River. Lindley et al. (2007) reported that adult Chinook 
salmon expressing the phenotypic timing of adult immigration associated with spring-run 
Chinook salmon persisted and spawned in the lower Yuba River below the Englebright Dam, 
and that the lower Yuba River is among the last Central Valley floor tributaries supporting 
populations of naturally-spawning spring-run Chinook salmon and steelhead. They reported 
that in the long-term, the Yuba River has high potential for maintaining suitable anadromous 
salmonid habitat, despite the expected long-term climate warming, and that under the 
expected climate warming scenario of about 5°C by the year 2100, substantial salmonid 
habitat would be lost in the Central Valley, with the Yuba River being one of the only 
Central Valley tributaries with significant amounts of habitat remaining. 

YCWA. 2007. Draft Environmental Impact Report/Environmental Impact Statement for the 
Proposed Lower Yuba River Accord.  Prepared for the Department of Water Resources, Bureau 
of Reclamation and Yuba County Water Agency by HDR|SWRI.  June 2007. 

The Draft EIR/EIS for the Proposed Lower Yuba River Accord provided a comprehensive 
compilation of existing information regarding the aquatic resources of the lower Yuba River, 
as well as descriptions of the development of the Yuba Accord flow schedules and impact 
evaluation.  The Fisheries Chapter of the Draft EIR/EIS consisted of 411 pages, with over 
15,000 pages of related model output in the Appendices.  Provided below is a brief summary 
of the most relevant information presented in YCWA (2007) regarding population 
characteristics of spring-run Chinook salmon and steelhead, and development of the Yuba 
Accord flow schedules.  

Population Characteristics 

The spring-run Chinook salmon spawning period extends from September through 
November, while the embryo incubation life stage generally extends from September to 
March.   Limited redd surveys during late-August and September conducted by CDFG have 
detected spawning activities beginning during the first or second week of September. They 
have not detected a bimodal distribution of spawning activities (i.e., a distinct spring-run 
spawning period followed by a distinct fall-run Chinook salmon spawning period) but instead 
have detected a slow build-up of spawning activities starting in early September and 
transitioning into the main fall-run spawning period. 
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Spring-run Chinook salmon juveniles are believed to rear in the lower Yuba River year-
round. In general, juvenile Chinook salmon have been observed throughout the lower Yuba 
River, but with higher abundances above DPD.  This may be due to larger numbers of 
spawners, greater amounts of more complex, high-quality cover, and lower densities of 
predators such as striped bass and American shad, which reportedly are restricted to areas 
below DPD (YCWA 2007). 

The spring-run Chinook salmon smolt emigration period is believed to extend from 
November through June, although based on CDFG’s run-specific determinations, the vast 
majority (approximately 94 percent) of spring-run Chinook salmon were captured as post-
emergent fry during November and December, with a relatively small percentage (nearly 6 
percent) of individuals remaining in the lower Yuba River and captured as YOY from 
January through March.  Only 0.6 percent of the juvenile Chinook salmon identified as 
spring-run were captured during April, 0.1 percent during May, and none were captured 
during June (YCWA 2007).   

Steelhead adult immigration and holding in the lower Yuba River extends from August 
through March (YCWA 2007).  Spawning generally extends from January through April, 
primarily occurring in reaches upstream of DPD. The embryo incubation life stage generally 
extends from January through May.  Juvenile steelhead/rainbow trout are believed to rear in 
the lower Yuba River year-round.   

Steelhead/rainbow trout juveniles have been observed moving downstream past the lower 
portion of the lower Yuba River during spring and summer months.  However, at least some 
of this downstream movement may be associated with the pattern of flows in the river.  
Based upon the substantial differences in juvenile steelhead/rainbow trout downstream 
movements (RST catch data) noted between the 2001 study, and the 2002 and 2004 studies, 
it is apparent that the increases in juvenile steelhead downstream movement associated with 
the initiation of the 2001 water transfers were avoided due to a more gradual ramping-up of 
flows that occurred in 2002 and 2004. The steelhead smolt emigration period is believed to 
extend from October through May (YCWA 2007).   

Yuba Accord Flow Schedules 

Development of the flow schedules and the three agreements that comprise the Yuba Accord 
was a collaborative process that took place over a period of approximately two and a half 
years.  The flow schedules were developed by a Technical Team of biologists representing 
YCWA, the NGOs, CDFG, NMFS, and USFWS with the express goal of optimizing 
fisheries conditions in the lower Yuba River. During development of the flow regime for the 
Yuba Accord, extensive stressor analyses were undertaken which principally considered 
steelhead, spring-run Chinook salmon, and fall-run Chinook salmon.   

A suite of six flow schedules, plus Conference Year rules for 1-in-100 critically dry years, 
were developed and are based on water availability, including inflow into New Bullards Bar 
Reservoir and reservoir carry-over storage. In addition to the biological and other science-
based considerations, one of the Technical Team’s objectives was to maximize the 
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probability of occurrence of the higher flow schedules (1 and 2) while minimizing the 
probability of occurrence of the very low flow schedules (6 and Conference Year).  Based on 
computer simulation model results, the estimated predicted probabilities of occurrence over 
the 78-year period of hydrologic record indicate that the two most optimum flow schedules 
(1 and 2) would be achieved nearly 80 percent of the time. 

To support the impact analyses conducted for the Yuba Accord EIR/EIS, hydrologic 
modeling was used to simulate potential changes in flows and water temperatures in the 
lower Yuba River that would be expected to occur as a result of implementing the Yuba 
Accord. The fisheries analyses utilized several methodologies to evaluate project-related 
impacts, including: (1) a flow-duration assessment; (2) evaluation of flow dependent 
spawning habitat availability expressed as weighted usable area; and (3) utilization of 
available data on flow and water temperature relationships to determine the cumulative 
probabilistic distribution of water temperatures for each month at a given river location.  

A statistical water temperature model was developed to evaluate the potential impacts of the 
alternatives considered in the Yuba Accord EIR/EIS.  The statistical model was used to 
estimate the effects of various New Bullards Bar Reservoir storage regimes, flow releases, 
and diversions at DPD on water temperatures in the lower Yuba River.   

Water temperature evaluations conducted for the Yuba Accord EIR/EIS indicated that Yuba 
River water temperatures generally remain suitable for all life stages of spring-run Chinook 
salmon and steelhead with implementation of the Yuba Accord flow schedules. Water 
temperatures generally remained below 58°F year-round (including summer months) at 
Smartsville, and generally remain below 60°F year-round at DPD. At Marysville, water 
temperatures generally remain below 60°F from October through May, and generally remain 
below 65°F from June through September. 

Gard, M. 2008a.  Flow-Habitat Relationships for Juvenile Spring/Fall-Run Chinook Salmon 
and Steelhead/Rainbow Trout Rearing in the Yuba River.  Draft report prepared by the Energy 
Planning and Instream Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented flow-habitat relationships for spring- and fall-run Chinook salmon 
and steelhead/rainbow trout juvenile rearing in the lower Yuba River.  This draft report used 
the 2-Dimensional hydraulic model River2D and habitat suitability criteria (HSC) developed 
for the lower Yuba River from data collected during 2003 – 2005. Representatives of 
YCWA, PG&E, and UC Davis submitted comments on the draft report requesting necessary 
revisions to the hydraulic model and HSC development.  These comments have not been 
addressed to date.  

Gard, M. 2008b.  Sensitivity Analysis for Flow-Habitat Relationships for Steelhead/Rainbow 
Trout Spawning in the Yuba River. Draft report prepared by the Energy Planning and Instream 
Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented a sensitivity analysis that was conducted to examine the effects of 
alternative criteria on flow-habitat relationships and biological validation for 
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steelhead/rainbow trout spawning in the lower Yuba River.  This draft report did not resolve 
the comments made by representatives of YCWA, PG&E and UC Davis on the Gard 2007 
draft report. 

Gard, M. 2008c.  Relationships Between Flow Fluctuations and Redd Dewatering and Juvenile 
Stranding for Chinook Salmon and Steelhead/Rainbow Trout in the Yuba River.  Draft report 
prepared by the Energy Planning and Instream Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented potential relationships between lower Yuba River flow 
fluctuations and Chinook salmon and steelhead/rainbow trout redd dewatering and juvenile 
entrapment stranding.  These relationships were presented as the percentages of spawning 
habitat dewatered and area stranded with different flow reductions.  The draft report assumed 
that juvenile salmon would be stranded if the depth at the stranding point is less than the 
minimum depth at which Gard (2008a) found juvenile salmon during juvenile habitat 
suitability data collection, and that there would be insufficient intra-gravel flow through a 
redd if the mean water column velocity at the redd was less than the lowest velocity at which 
Gard (2007) found a salmonid redd in the lower Yuba River.  YCWA has provided 
comments on this draft report. 

NMFS. 2009. Draft Recovery Plan for the Evolutionarily Significant Units of Sacramento River 
Winter-run Chinook Salmon and Central Valley Spring-run Chinook Salmon, and the Distinct 
Population Segment of Central Valley Steelhead. National Marine Fisheries Service, Southwest 
Regional Office, Sacramento, California. October 2009. 

The NMFS (2009) Public Draft Recovery Plan for the Evolutionarily Significant Units of 
Sacramento River Winter-run Chinook Salmon and Central Valley Spring-run Chinook 
Salmon, and the Distinct Population Segment of Central Valley Steelhead (“Draft Recovery 
Plan”) recognizes the importance and potential to increase spring-run Chinook salmon and 
steelhead populations in the lower Yuba River. The Draft Recovery Plan (NMFS 2009) 
established three priority levels to help guide recovery efforts for watersheds that are 
currently occupied, and are referred to as Core 1, 2, and 3 populations.  Core 1 Populations 
are highest priority, have a known ability or potential to support viable populations, and have 
the capacity to respond to recovery actions.  Spring-run Chinook salmon and steelhead in the 
lower Yuba River are Core 1 populations. Core 1 populations form the foundation of the 
recovery strategy, and should be the first focus of an overall recovery effort (NMFS 2009). 

The Draft Recovery Plan (NMFS 2009) states that “…many of the processes and conditions 
that are necessary to support a viable independent population of spring-run Chinook salmon 
can be improved with provision of appropriate instream flow regimes, water temperatures, 
and habitat availability. Continued implementation of the Yuba Accord is expected to 
address these factors and considerably improve conditions in the lower Yuba River”.  

The lower Yuba River, downstream of Englebright Dam, was characterized as having a high 
potential to support viable populations of spring-run Chinook salmon and steelhead, 
primarily because: (1) the river supports persistent populations of spring-run Chinook salmon 
and steelhead; (2) flow and water temperature conditions are generally suitable to support all 
life stage requirements; (3) the river does not have a hatchery on it; (4) spawning habitat 
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availability does not appear to be limiting; and (5) there is high habitat restoration potential 
(NMFS 2009). 

The Draft Plan (NMFS 2009) states, that in order to secure a viable independent population 
of spring-run Chinook salmon, and to secure the extant population and promote a viable 
population of steelhead in the lower Yuba River, several key near-term and long-term habitat 
restoration actions were identified, including the following: 

 Continued implementation of the Yuba Accord flow schedules to provide suitable habitat 
(flow and water temperature) conditions for all life stages 

 Improvements to adult salmonid upstream passage at DPD  

 Improvements to juvenile salmonid downstream passage at DPD 

 Implementation of a spawning gravel augmentation program in the uppermost reach (i.e., 
Englebright Dam to the Narrows) of the lower Yuba River 

 Improvements to riparian habitats for juvenile salmonid rearing  

 Creation and restoration of side-channel habitats to increase the quantity and quality of 
off-channel rearing (and spawning) areas 

 Implementation of projects to increase floodplain habitat availability to improve habitat 
conditions for juvenile rearing 

The Draft Plan (NMFS 2009) identified the following Priority 1 recovery actions for the 
Yuba River: (1) develop and implement a phased approach to salmon reintroduction planning 
to recolonize historic habitats above Englebright Dam; and (2) improve spawning habitat in 
the lower Yuba River by gravel restoration program below Englebright Dam and improve 
rearing habitat by increasing floodplain habitat availability.  

Comments on the Draft Recovery Plan (NMFS 2009), including issues specific to the lower 
Yuba River and the Yuba River Watershed, have been provided to NMFS.  FR (51553-
51555) states that all comments received by the due date will be considered before NMFS’ 
decision whether to adopt a final recovery plan. NMFS (74 FR 51553) specifically states that 
it will consider and address all substantive comments received during the comment period.  
A Final Recovery Plan has not yet been issued. 

CDFG and PG&E. 2009. Draft Habitat Expansion Agreement for Central Valley Spring-Run 
Chinook Salmon and California Central Valley Steelhead. November 2009. 

PG&E and CDWR entered into the Habitat Expansion Agreement for Central Valley Spring-
Run Chinook Salmon and California Central Valley Steelhead (HEA) effective November 
20, 2007, with multiple government and non-government entities including American Rivers, 
Arthur G. Baggett, Jr., CDFG, U.S. Department of Agriculture Forest Service, NMFS, 
USFWS, and the State Water Contractors.  The overall goal of the HEA is to expand the 
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amount of habitat with the physical characteristics necessary to support spawning, rearing 
and adult holding of spring-run Chinook salmon (and steelhead) in the Sacramento River 
Basin. Specifically, the Habitat Expansion Threshold (HET) is to expand spawning, rearing 
and adult habitat sufficiently to accommodate an annual estimated net increase of 2,000 to 
3,000 spring-run Chinook salmon for spawning in the Sacramento River Basin. The HET is 
focused on spring-run Chinook salmon as the priority species, because expansion of habitat 
for spring-run Chinook salmon typically accommodates steelhead as well (CDFG and PG&E 
2009).  The intent of the HEA is to create “permanent” solutions to problems which provide 
benefits through the term duration of a typical FERC license (i.e., up to 50 years).  

Substantial efforts have been undertaken to identify, develop and consider the relative merits 
of habitat restoration actions in the lower Yuba River. The need for, identification of, and 
relative merits of the actions to expand habitat and accomplish the goals of the Oroville 
FERC Relicensing HEA regarding biological, physical and operational considerations 
pertinent to the lower Yuba River were presented in a report as Appendix G to the Draft 
HEA during early November 2009. The lower Yuba River has been designated as having a 
high potential to meet the HEA goals and thresholds. A Final HEA has not yet been adopted.  
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ONGOING DATA COLLECTION, MONITORING AND EVALUATION ACTIVITIES 

LOWER YUBA RIVER ACCORD MONITORING AND EVALUATION PROGRAM 

The Yuba Accord River Management Team (RMT) is comprised of representatives of YCWA, 
NMFS, USFWS, CDFG, PG&E, CDWR, and the non-governmental organizations (NGOs) that 
are parties to the Fisheries Agreement of the Yuba Accord (South Yuba River Citizens League, 
Trout Unlimited, Friends of the River, The Bay Institute).  The RMT, in collaboration with 
representatives from University of California at Davis and the Pacific States Marine Fisheries 
Commission, has developed a Monitoring and Evaluation Program (M&E Program) to guide the 
efficient expenditure of approximately $6 million to evaluate the effects of implementation of the 
Yuba Accord on the aquatic resources of the lower Yuba River over the period extending from 
2008 to 2016. Monitoring and data from implementation of the M&E Program will be complied 
into annual reports and available at the RMT website www.yubaaccordrmt.com.  The M&E 
Program embraces a monitoring-based adaptive management approach to increase the 
effectiveness of, and to address the scientific uncertainty associated with, specific monitoring 
and study activities, and restoration actions. Within the framework of this M&E Program, the 
RMT retains the flexibility to revise monitoring actions to address specific issues or obtain 
additional information. In addition, the parties to the Fisheries Agreement of the Yuba Accord 
intended that the monitoring and data collection activities implemented via the M&E Program 
will produce a useful database for the proceedings of the Federal Energy Regulatory 
Commission (FERC) regarding the relicensing of YCWA’s Yuba River Development Project.   

In addition to monitoring and evaluation of the fish community, the fisheries evaluations in this 
M&E Program focus on steelhead/rainbow trout and the two principal Chinook salmon runs that 
are known to use the lower Yuba River (i.e., fall-run and spring-run4,5 Chinook salmon), 
although evaluations of Chinook salmon exhibiting the phenotypic characterization of lifestage 
periodicities associated with late fall-run Chinook salmon also are included6. Regarding 
steelhead/rainbow trout, the physical appearance of adults and the presence of seasonal runs and 
year-round residents indicate that both sea-run (steelhead1) and resident rainbow trout exist in the 
lower Yuba River.  Thus, it is recognized that both anadromous and resident lifehistory strategies 
of O. mykiss have been and continue to be present in the lower Yuba River, resulting in the use 
of the term “steelhead/rainbow trout” when referring to O. mykiss in this document. 

The primary purpose of the M&E Program is to provide the monitoring data necessary to 
evaluate whether implementation of the Yuba Accord will maintain fish resources (i.e., the fish 
community including native fish and non-native fish) of the lower Yuba River in good condition, 
and will maintain viable anadromous salmonid populations.  The “Viable Salmonid Population” 
(VSP) concept was developed by McElhany et al. (2000; as cited in the M&E Program) in order 

                                                 
4 Federally listed as threatened. 
5 State listed as threatened.  
6 Although late fall-run Chinook salmon populations occur primarily in the Sacramento River (CDFG Website 
2007), use of the lower Yuba River by late fall-run Chinook salmon has been reported to occur (D. Massa, CDFG, 
pers. comm.; M. Tucker, NMFS, pers. comm.).  When the various studies addressing steelhead and spring-run and 
fall-run Chinook salmon are conducted, the collected data will be analyzed to examine Chinook salmon exhibiting 
phenotypic characterizations of late fall-run Chinook salmon. 
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to facilitate establishment of Evolutionarily Significant Unit (ESU)-level delisting goals and to 
assist in recovery planning by identifying key parameters related to population viability.  Four 
key parameters were identified by McElhaney et al. (2000; as cited in the M&E Program) as the 
key to evaluating population viability status, including: (1) abundance; (2) productivity; (3) 
diversity; and (4) spatial structure.  McElhaney et al. (2000; as cited in the M&E Program) 
interchangeably use the term population growth rate (i.e., productivity over the entire life cycle) 
and productivity.  Good et al. (2007; as cited in the M&E Program) used the term productivity 
when describing this VSP parameter, which also is the term used for this parameter in the Yuba 
Accord M&E Program.  

Abundance is an important determinant of risk, both by itself and in relationship to other factors 
(McElhaney et al. 2000 as cited in the M&E Program).  Small populations are at a greater risk 
for extinction than larger populations because risks that affect the population dynamics operate 
differently on small populations than in large populations.  A variety of risks are associated with 
the dynamics of small populations, including directional effects (i.e., density dependence - 
compensatory and depensatory), and random effects (i.e., demographic stochasticity, 
environmental stochasticity, and catastrophic events).   

The parameter of productivity and factors that affect productivity provide information on how 
well a population is “performing” in the habitats it occupies during the life cycle (McElhaney et 
al. 2000 as cited in the M&E Program).  Productivity and related attributes are indicators of a 
population’s performance in response to its environment and environmental change and 
variability.  Intrinsic productivity (the maximum production expected for a population 
sufficiently small relative to its resource supply not to experience density dependence), the 
intensity of density dependence, and stage-specific productivity (productivity realized over a 
particular part of the life cycle) are useful in assessing productivity of a population.   

Diversity refers to the distribution of traits within and among populations, and these traits range 
in scale from DNA sequence variation at single genes to complex life-history traits (McElhaney 
et al. 2000 as cited in the M&E Program).  Traits can be completely genetic or vary do to a 
combination of genetics and environmental factors.  Diversity in traits is an important parameter 
because: (1) diversity allows a species to use a wide array of environments; (2) diversity protects 
a species against short-term spatial and temporal changes in its environment; and (3) genetic 
diversity provides the raw material for surviving long-term environmental changes (McElhaney 
et al. 2000 as cited in the M&E Program).  Some of the varying traits include run timing, 
spawning timing, age structure, outmigration timing, etc.  Straying and gene flow strongly 
influence patterns of diversity within and among populations (McElhaney et al. 2000 as cited in 
the M&E Program).   

Spatial structure reflects how abundance is distributed among available or potentially available 
habitats, and how it can affect overall extinction risk and evolutionary processes that may alter a 
population’s ability to respond to environmental change. A population’s spatial structure 
encompasses the geographic distribution of that population, as well as the processes that generate 
or affect that distribution (McElhaney et al. 2000 as cited in the M&E Program).  A population’s 
spatial structure depends fundamentally on habitat quality, spatial configuration, and dynamics 
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as well as the dispersal characteristics of individuals in the population. Potentially suitable but 
unused habitat is an indication of the potential for population growth.   

In the Yuba Accord M&E Program, performance indicators associated with each of the VSP 
parameters (Abundance, Productivity, Diversity and Spatial Structure) and analytical steps 
(“analytics”) to address each of these performance indicators are provided separately for the 
adult and juvenile lifestages of the anadromous salmonids (including spring-run Chinook salmon 
and steelhead) in the lower Yuba River.  In addition, each section includes examinations of 
potential relationships between measures of VSP parameters, and flows and water temperatures 
resulting from implementation of the Yuba Accord.  Data for the analytics associated with the 
performance indicators for the VSP parameters, and for examination of potential relationships 
between measures of VSP parameters and flows and water temperatures are obtained from the 
specific sampling protocols and procedures.  The RMT has developed the following Protocols 
and Procedures in accordance with the Yuba Accord M&E Program:  

1) Flow and Water Temperature Monitoring 

2) Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

3) Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

4) 2-D Hydrodynamic Modeling – physical habitat dynamics and availability 

5) Mesohabitat Classification – physical habitat characterization 

6) Riparian Vegetation Mapping – juvenile rearing habitat characterization 

7) Acoustic Tagging and Tracking – Chinook salmon immigration and holding  

8) VAKIRiverwatcher Monitoring – adult immigration, temporal distribution 

9) Redd Surveys – spawning spatial and temporal distribution, habitat utilization  

10) Carcass Surveys – spawning stock escapement estimation 

11) Snorkel Surveys – juvenile rearing, spatial/temporal distribution, habitat utilization 

12) Rotary Screw Trapping – juvenile emigration, temporal distribution 

13) Genetic Sampling and Characterization – Chinook salmon run differentiation 

14) Otolith Sampling and Characterization – natal stream origin, growth, age, and size 

Each of the Yuba Accord M&E Program Protocols and Procedures prepared by the Yuba Accord 
RMT are summarized below.  Detailed descriptions of each of the Protocols and Procedures may 
be referenced at www.yubaaccordrmt.com. 

1) Flow and Water Temperature Monitoring 

The lower Yuba River Accord consists of a Fisheries Agreement that requires YCWA to 
comply with the Yuba Accord flow schedules. In addition to simply documenting the flows 
and water temperatures in the lower Yuba River associated with implementation of the Yuba 
Accord, the overarching goal of the flow and water temperature monitoring is to provide the 
data to identify and evaluate potential relationships between flows and water temperatures 
with fish population/community responses, measures of Viable Salmonid Population 
parameters, and aquatic habitat attributes.   
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Flow and water temperature monitoring is considered to be a long-term effort to track in-
river water temperature conditions over time with the implementation of the Yuba Accord.  
Water temperature monitoring is anticipated to be conducted annually for at least five years, 
from 2008/2009 through 2013/2014.  The RMT will review the data and reports on an annual 
basis, and determine whether the overall duration of the water temperature monitoring study 
plan should be modified. 

In the lower Yuba River, water temperature data loggers are deployed in the main channel at 
the following stations: (1) at Simpson Lane (RM 3); (2) at Marysville (RM 6); (3) at Walnut 
Avenue (RM 8.1); (4) at DPD (RM 11.4); (5) upstream of DPD (RM 13.2); (6) downstream 
of Dry Creek (RM 13.3); (7) at Long Bar (RM 16.0); (8) at Parks Bar (RM 17.4); (9) 
downstream of Deer Creek (RM 22.7); (10) downstream of Narrows 2 Powerhouse at 
Smartsville (RM 23.6); and (11)in Narrows 2 Powerhouse Penstock (RM 23.9) 
 
In the Feather River, thermographs are deployed at the following stations: (1) one mile 
upstream of the Yuba River confluence (RM +1); (2) the left (east) bank at the Yuba River 
confluence (RM 0);  and (3) the right (west) bank at  the Yuba River confluence (RM 0). 
 
Streamflow gages in the lower Yuba River are located at the following locations: (1) 
Smartsville downstream of Narrows 2 (USGS 11419000; PG&E NY28); and (2) 
Marysville (USGS 11421000). 

Stream water temperatures in the Feather and lower Yuba rivers are monitored using 
StowAway Tidbits (Onset Computer Corporation) water temperature recorders that have 12-
bit resolution with a minimum accuracy of +/- 0.2° C.  All temperature data loggers are 
programmed to record water temperatures at 15 minute intervals. Redundant water 
temperature loggers are installed at each site as close as possible to the primary recorders.   

Water temperature recorders are secured in the channel by a cable to a root mass, tree trunk, 
or man-made structure, or secured using embedded rebar where necessary.  A GPS 
coordinate is taken and recorded at each installation point, along with other points that may 
be useful for retrieving the recorder (i.e., point lacks a distinct trail for access).  Photographs 
are taken of each site, including recorder installation configuration.  

The loggers are retrieved at approximately monthly intervals to check their status and 
download new data. During each visit, water temperature data are downloaded into an optic 
shuttle or directly to a personal computer.  Prior to each download of the water temperature 
data, a National Institute of Standards and Technology (NIST) traceable digital thermometer 
is used to measure the water temperature at the recorder, and compared to the last logger 
reading to check for accuracy drift of the recorder.  Only after the raw water temperature data 
is downloaded and safely backed-up is the optic shuttle cleared or data used.  Data recorded 
for each site visit includes: (1) date; (2) time; (3) station ID; (4) field team; (5) air 
temperature; (6) water temperature (NIST); (7) current weather; (8) site notes (i.e., 
vandalism, logger replacement, etc); (9) download file name; (10) backup file name; (11) 
GPS coordinates (first visit); and (12) photo numbers (first visit or when appropriate). 
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Concurrent with in-river data retrieval activities each month, electronic records of flow data 
recorded at Smartsville and Marysville is obtained from the California Data Exchange 
(http://cdec.water.ca.gov/cgi-progs/staMeta?station_id=YRS) and/or from YCWA. These 
data are saved into the flow and water temperature monitoring database for use during 
preparation of the annual reports.  

2) Topographic Mapping (Digital Elevation Model) 

The overarching goal of the Topographic Mapping and Digital Elevation Model (DEM) 
Protocol and Procedure is to provide a highly detailed dataset to be used in the assessments 
of physical habitat, and in the identification and evaluation of potential relationships between 
flows and water temperatures with fish population/community responses and aquatic habitat 
attributes.  Methods to obtain the data necessary to develop a detailed topographic map of the 
lower Yuba River include both airborne Light Detection And Ranging (LIDAR) mapping of 
the terrestrial river corridor and boat-based echo-sounding of the submerged river channel.    

Lower Yuba River LIDAR data was acquired on September 21, 2008. On that day, the Yuba 
River discharge at Smartsville was constant at 860 cfs, Deer Creek was at 3 cfs, and 
Marysville was at 622 cfs. Bathymetric data was acquired on multiple dates: August 19, 20, 
22, 25, and 26, 2008; September 16, 17, 18, and 19, 2008; March 4-6, 2009; May 6, 15, 20, 
2009.   

The topographic map of the lower Yuba River was completed during April 2010. 

The study area for this protocol and procedure is the river corridor of the lower Yuba River 
extending from Englebright Dam to the confluence of the Yuba and Feather rivers (near 
Marysville, California).    

After the flight, data was directly processed and reduced to obtain a detailed “bare earth” 
only dataset with a vertical accuracy of approximately 0.15-m, which is the level of 
resolution prescribed by the rigorous Class 1 standard.  The spatial resolution for this 
protocol is 1 point every 0.738-m (1 pt per ~2 ft).  The LIDAR survey also yielded the 
intensity of the LIDAR return signal at each point, rasterized to yield a black and white 
image of the river corridor, which serves as a base map for GIS and was used to construct a 
polygon shapefile of the water’s edge.  Data points from the LIDAR survey were imported 
into ArcGIS to create a DEM of the terrestrial land around the river using a standard TIN-
based approach with breaklines and additional quality assurance measures.  

The 2008-2009 mapping used multiple echo-sounders deployed simultaneously across the 
bow of the boat.  A customized aluminum jet-boat was outfitted with up to five Odom 
Hydrotrack survey-grade fathometers (each with a 3,200-kHz transducer) and a TSS 335B 
motion sensor that adjusted for roll/pitch of the vessel.  Position data for the fathometers was 
collected using real-time kinematic (RTK) GPS receiving corrections by radio from an on-
site base station located on one of the pre-established benchmarks.  These benchmarks were 
established by long-duration static surveys with an RTK GPS and then waiting to obtain 
“ultra precise” solutions through NOAA’s Online Positioning User Service (OPUS).   
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Where depth permitted, the boat made cross sections on a approximate 3-m interval and 
performed six longitudinal transects approximately evenly spaced across the channel.  To 
account for the water surface slope and its changes through time, Mini Troll 400 vented 
pressure transducers (In-situ, Inc., Fort Collins, CO) were placed in the river along the survey 
area and their elevations were surveyed using RTK GPS.  An algorithm was used to 
interpolate water surface slopes based on the distance between the pressure transducers. 

Position data was recorded every 1-s, and a radial filter was applied in post-processing to the 
boat-based data to obtain 0.6-m spacing between points, achieving the goal of obtaining 
bathymetric data at a resolution of 1 point per m2 along the boat tracks.   

To create the topographic map, the following items were obtained through data collection: 
LIDAR flight and data file tiling scheme polygon shapefile, LIDAR data coverage polygon 
shapefile, LIDAR intensity images (all returns), LIDAR ground-return point file (ASCII 
format), boat-based echo-sounder/RTKGPS point file filtered to 2-foot spacing, total station 
point data.  

3) Substrate and Cover Mapping  

Fluvial processes that are important for the lower Yuba River are influenced by a suite of 
hydrogeomorphic variables including channel topography, flows, substrate, and cover. A 
restricted amount of substrate and cover information exists for some sites on the lower Yuba 
River since the floods of 2006.   

The objectives of the Substrate and Cover Mapping Protocol and Procedure are to: (1) 
produce a substrate map of the lower Yuba River; and (2) produce a cover map of the lower 
Yuba River.  Each of these maps will then be used for a number of specific analytics in the 
M&E Program which includes activities such as characterization of microhabitat and 
mesohabitat conditions (including their spatial diversity) as well as assessment of dynamic 
fluvial processes and design of habitat rehabilitation projects. 

Substrate and cover mapping is planned to occur during September 2010 because relatively 
low flows and high visibility conditions are expected to occur at that time.   

The Substrate and Cover mapping Protocol and Procedure study area extends from 
Englebright Dam to the confluence with the lower Feather River.  2D hydrodynamic 
modeling of the lower Yuba River has yielded a wetted area boundary for a flow of 4,000 cfs 
at Smartsville, which will be converted to an ArcGIS polygon shapefile and uploaded into 
GPS units used by the mapping team.  Substrate and cover will only be mapped in this 
domain. Because flow at the time of mapping will be <4,000 cfs, some of the mapping area 
will be on land and some underwater.  

Regardless of whether the crew is on land or in water, the crew will start at Englebright Dam 
and work downstream one section at a time. In each section, the crew will map the substrate 
and cover by making three passes of the wetted channel and three passes of the terrestrial 
land.  Each pass will consist of the following activities: (1) an initial pass to get an overview 
of the conditions in the section; (2) going back to the top and then mapping substrate 
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polygons on the way down; and (3) going back to the top and then mapping all cover as 
points, lines, or polygons according to cover classification. 

Crew members will create point, line, or polygon features of all substrates and cover features 
of interest using handheld differential GPS units (sub-meter accuracy) by plotting GPS 
coordinates while walking, driving, or boating around the perimeter of a feature.  The 
procedure for mapping on land involves doing the three passes by walking or using an ATV, 
depending on accessibility for an ATV in each section and how rough the surface is for 
moving faster than walking speed on an ATV.   

Substrate 

A pre-established method for performing observational reconnaissance of the lower Yuba 
River substrate already exists for the salmonid redd surveys.  Crew members have been 
trained to cover the whole submerged domain by scanning the river from the shore to the 
middle of the river, working downstream in a kayak.  Side channels in the survey area are 
observed by walking.  This method will be used for mapping substrate and cover.  Surveyors 
will wear polarized sunglasses during walking or driving surveys, and use transparent bottom 
buckets while boating in shallow water areas.  Deepwater surveys will be conducted via 
underwater video, snorkel, SCUBA, or other methods pending results of field-tested 
techniques during the spring through summer 2010.  

Handheld GPS units require that each substrate polygon be larger than 5x5 m2 to be 
accurately mapped, so that will be the minimum size of a substrate or cover patch recorded.  
However, if a substrate polygon has more than one substrate size class present in it with an 
area >10%, then the minimum polygon size will be 10x10 m2.  This constraint represents the 
consensus for balancing effort and cost relative to the needs of the dataset for analytic 
application. 

Regardless of whether the crew is on land or in water, substrate classification categories will 
be used to make a “facies” map of the surficial pattern of substrate, with each area of a 
homogeneous substrate type mapped as a polygon.  For each substrate polygon, the observer 
will estimate the percent of area composed of each substrate size class to the nearest 10% 
value, only recording those with >10% contribution. For a substrate polygon, a GPS data 
dictionary file accompanying the coordinates will identify the substrate classes present and 
the percent of each substrate class to the nearest 10%.  Substrate classification categories 
include: (1) bedrock (no alluvium); (2) boulder field (D>256); (3) large cobble (128<D<256); (4) 
cobble (90<D< 128); (5) medium gravel/small cobble (32<D<90); (6) fine gravel (2<D<32); (7) sand 
(0.0625<D<2); and (8) silt/clay (D<0.0625). 

 

Cover 

For individual wood elements, length and mid-point diameter will be obtained using a tape 
measure and tree caliper, with recorded accuracies of ±5 cm and ±2 cm, respectively.  
Origins should be identified as bank erosion when roots are present, as cut or placed when 
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evident by visual inspection, as limb breakage when the large wood piece could be matched 
up with a nearby scar on a riparian tree, and as unknown in all other cases. 

For boulders, diameter should be measured with a tape measure and the angularity designated 
as angular (i.e., having sharp edges), well-rounded, or unknown.  The following classification 
will be used to characterize cover on the lower Yuba River: (1) wood log (≥3 m long by ≥10 
cm diameter); (2) wood jam (≥3 m); (3) boulder (>3 m); (4) boulder cluster (>3 m); (5) undercut bank 
(>3 m); (6) submerged aquatic (>3 m); (7) wetted channel woody vegetation (> 3 m long by >1 m 
above substrate); (8) overhanging riparian vegetation (> 3 m in longest dimension and >1 m above 
substrate); and (9) human detritus by name (car, cement block, refrigerator, and other items. ≥3-m 
long by ≥10-cm diameter). 

4) 2-D Hydrodynamic Modeling  

Two-dimensional (2D) numerical models solve vertically integrated conservation of 
momentum and mass equations using a finite element, finite difference, or finite volume 
computation method to acquire local water depth and depth-averaged 2D velocity vectors at 
each node in a computational mesh. These models further add the ability to consider full 
lateral and longitudinal variability down to the sub-meter scale, including effects of alternate 
bars, transverse bars, islands, and boulder complexes, but require highly detailed topographic 
maps of channels and floodplains.  Four different 2D numerical models have been used on 
the lower Yuba River, including FLO-2D, RIVER2D, FESWMS, and SRH-2D.  SRH-2D is a 
relatively new model that spans many of the capabilities of FLO-2D, RIVER2D and 
FESWMS, but it is more computationally efficient and numerically stable, so it can be used 
to simulate long river segments in very high resolution.  

Presently, the Yuba Accord RMT is using SRH-2D to simulate hydraulics for the entire 
lower Yuba River downstream of the Highway 20 Bridge with 1-m intermodal spacing.  To 
achieve this more efficiently, the lower Yuba River has been divided into three reaches: (1) 
Highway 20 Bridge to DPD; (2) DPD to the USGS Marysville gaging station; and (3) USGS 
Marysville gaging station to the confluence of the Yuba and Feather rivers. SRH-2D models 
of each reach are being run concurrently. Presently, the model is being run at variable 
discharges to test the model against available data.  Subsequently, 4 flows between 700 and 
4,500 cfs (at the Smartsville gage) will be simulated. 

SRH-2D uses a flexible mesh that may contain arbitrarily shaped cells. A hybrid mesh may 
achieve the best compromise between solution accuracy and computing demand. SRH-2D 
adopts very robust and stable numerical schemes with a seamless wetting-drying algorithm. 
The resultant outcome is that few tuning parameters are needed to obtain the final solution. 
SRH-2D was evolved from SRH-W which had the additional capability of watershed runoff 
modeling. Many features are improved from SRH-W. As described by the USBR Technical 
Service Center, Sedimentation and River Hydraulics Group website 
(http://www.usbr.gov/pmts/sediment/model/srh2d/index.html), SRH-2D features include: (1) 
2D depth-averaged dynamic wave equations (standard St. Venant equations) are solved with 
the finite-volume numerical method; (2) steady state (with constant discharge) or unsteady 
flows (with flow hydrograph) may be simulated; (3) an implicit scheme is used for time 
integration to achieve solution robustness and efficiency; (4) an unstructured, arbitrarily-
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shaped mesh is used which includes the structured quadrilateral mesh, the purely triangular 
mesh, a combination of the two, or a Cartesian or raster mesh; (5) all flow regimes (i.e., 
subcritical, transcritical, and supercritical flows) may be simulated simultaneously without 
the need for special treatments; (6) robust and seamless wetting-drying algorithm; and (7) 
solved variables include water surface elevation, water depth, and depth-averaged velocity.  

5) Mesohabitat Classification 

The M&E Program recognizes that the processes creating microhabitat are dynamic and 
spatially diverse, and management of a river that undergoes periodic planform changes 
requires more than a static depiction of microhabitat conditions. Consequently, 
“mesohabitat” is defined as the interdependent set of microhabitat variables (depth, velocity, 
substrate, cover, and hyporheic parameters) over a discernible landform known as a 
morphological unit (i.e., scour pool, riffle, and lateral bar) associated with a specific 
magnitude of flow.  Mesohabitats typically occur at a spatial scale of approximately 0.5 to 10 
times the length scale of channel width.  This spatial scale directly ties to the fluvial 
processes responsible for channel dynamics and thus enables a mechanistic understanding of 
how fluvial dynamics drives spatial structure.   

Morphological units evaluated at a meso-scale can be used to explain fluvial-ecological 
relations and may therefore be good indicators of fish utilization patterns.  The goals of the 
Mesohabitat Classification Protocol and Procedure are to: (1) identify mesohabitat units 
throughout the lower Yuba River; (2) evaluate the quality, number, size and distribution of 
mesohabitats for various lifestages of adult and juvenile anadromous salmonids; and (3) 
evaluate the maintenance of watershed processes in the lower Yuba River. 

Mesohabitat characterization is planned to begin during summer of 2010 and be completed 
the same year.  

The proposed study area for this project is the lower Yuba River from Englebright Dam to 
the confluence of the Yuba and Feather rivers (near Marysville, California). 

This Protocol and Procedure emphasizes a GIS-based analysis of existing data layers for 
developing the classification, and then uses field-based reconnaissance for QA/QC and 
ground truthing of the classification. The key data layers required to perform GIS-based 
characterization of morphological units are: (1) a DEM of the river corridor; (2) a water’s 
edge shapefile and associated digital water surface elevation model for each discharge at 
which mesohabitats will be characterized (the model may be obtained by overlaying the edge 
shapefile onto the DEM and extracting the ground elevations along the water’s edge); (3) a 
derived water depth map made by subtracting the DEM from the water surface elevation 
model; and (4) aerial photography of the river at each discharge of interest.  

Descriptions of the objective and numeric criteria used to delineate morphologic units 
incorporate concepts provided by Montgomery and Buffington (1997) and Thomson et al. 
(2001) (see www.yubaaccordrmt.com. for additional descriptions).  Morphological units to 
be identified in the lower Yuba River may include the following: (1) forced pool; (2) pool; (3) 
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chute; (4) run; (5) glide; (6) riffle entrance; (7) riffle; (8) recirculation; (9) backwater; and 
(10) medial bar. 

Once the morphological unit classification and map is complete, a site reconnaissance will be 
performed by a team of two people to check the quality of the map in delineating the in-
channel units.  Upon arriving at a site by truck or boat, the crew will start at one end and 
systematically work along the river, wading or boating into each morphological unit and 
confirm that the depth and velocity criteria used to delineate the unit are met. Field-based 
delineation confirmation will consist of making 10 depth measurements using a graduated 
pole, and 10 water velocity measurements, using a velocity meter, at points randomly 
scattered around the unit.  Resultant values will be compared to the criteria.   

If field observations reveal a systematic error in the delineation of a specific unit, then the 
handheld GPS will be used to re-map the individual polygon by walking or boating around 
the perimeter and tracing the correct extent.  Revised polygons will be imported into GIS to 
replace the faulty ones and boundaries of surrounding polygons will be amended to mesh 
with the revised boundary lines. 

The definitions of the mesohabitats will be taken from the correspondingly named 
morphological units.  Mesohabitat maps will be developed for forced pools, pools, secondary 
channels, backwaters, recirculations, chutes, riffles, riffle entrances, runs, and glides, using 
the appropriate shoreline shapefile and depth raster map. 

6) Riparian Vegetation Mapping 

The RMT is undertaking, collaborating or observing several riparian mapping and analysis 
efforts on the Yuba River below Englebright. 

The California Department of Fish and Game (CDFG) mapped all riparian habitats of the 
Central Valley starting in the 1977.  This mapping effort used large categories of vegetation 
type (e.g., forest, shrub, herbaceous and bare gravel bar), and would be useful to assess large 
changes of riparian habitat over the last 20-30 years.  Known as the Katibah maps after the 
principal investigator, these resources are reported to exist in CDFG archives as scanned 
images of variable quality spatial rectification.  YCWA has not been able to obtain these. 
 
CDFG is currently mapping riparian habitats throughout the Central Valley at a similar scale 
as the Katibah maps, but following the National Vegetation Classification Standard and the 
California Vegetation Manual.  A GIS layer of these maps for the lower Yuba River up to 
Highway 20 is expected to be available in 2011 (Diana Hixon, pers comm.). 
  
A riparian mapping project has been initiated by the RMT.  The RMT has used Light 
Detection and Ranging (LiDAR) data for the entire riparian corridor up to Highway 20 to 
yield a map of riparian structure (i.e., height and density).  The RMT plans to use ground 
data from CDFG with the LiDAR data to develop stand classifications following the 
California Vegetation Manual, yet one scale finer than that being produced by CDFG.  This 
effort is targeted for completion in late 2010. 
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In addition, the RMT in conjunction with University of California at Davis and YCWA have 
developed a topographic map and two-dimensional hydrodynamic model of the Yuba River 
downstream of Englebright Dam as a basis for integrating and understanding riparian trends.   
 
Also, an analysis of historic aerial photographs and maps of the lower Yuba dating from 
1906 through 1998 will be undertaken as a joint project between the Yuba County Water 
Agency and the RMT. That effort should be completed by summer 2011. 
 
Depending on the products that result from these various ongoing study efforts, the RMT 
may undertake additional riparian data collection effort for the Yuba River downstream of 
Englebright Dam. 

7) Acoustic Tagging and Tracking Surveys 

The Acoustic Tagging and Tracking Protocol and Procedure consists of acoustic-tagging 
immigrating adult Chinook salmon and monitoring their distribution and movement in the 
lower Yuba River.  Chinook salmon acoustic tagging will be conducted in conjunction with 
the Genetic Sampling and Characterization Protocol and Procedure. 

Goals of the Acoustic Tagging and Tracking Protocol and Procedure include: (1) 
examination of habitat utilization of upstream migrating and spawning Chinook salmon 
exhibiting the run timing characteristics of spring-run Chinook salmon; (2) examination of 
the spatial and temporal distributions of holding spring-run Chinook salmon from spring 
through fall, and potential relationships with variable flow and water temperature regimes; 
(3) comparison of differential spatial and temporal distributions of immigrating and holding 
spring-run and fall-run Chinook salmon, and potential relationships with variable flow and 
water temperature regimes; and (4) examination of differential spatial and temporal 
distributions of spring- and fall-run Chinook salmon spawning (in conjunction with Chinook 
salmon redd surveys) and potential relationships with flow and water temperature regimes. 

The adult spring-run Chinook salmon Acoustic Tagging and Tracking Survey is anticipated 
to be a multi-year effort.  Acoustic tagging and tracking of 30 immigrating adult spring-run 
Chinook salmon occurred in the lower Yuba River from Englebright Dam downstream to the 
Yuba River and Feather River confluence from May to November 2009. During 2010, 
attempts will be made to tag 30 adult spring-run Chinook salmon during May and possibly 
into June, and for comparative purposes 30 adult fall-run Chinook salmon will be tagged 
during fall (October 2010).  The RMT will review the data and reports annually, and will 
determine the overall duration of the acoustic tagging study. 

Acoustic tagging of immigrating adult Chinook salmon will occur in the lower Yuba River 
downstream of DPD to the Yuba River and Feather River confluence.  Adult Chinook 
salmon will be captured using hook-and-line sampling. Therefore, the exact location(s) for 
acoustic tagging will vary depending upon the specific locations of individual captures.   

If an adult Chinook salmon is deemed to be sufficiently healthy for tagging, the fish will be 
placed in a CO2 solution for anesthetization, and the following measurements and data will 
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be recorded: (1) fork length (mm); (2) total length (mm); (3) body depth (mm); (4) sex (male 
or female); (5) adipose fin presence (Yes or No); (6) description and photograph of any 
visible parasites, fungi, lesions, or other signs of disease or injury, including potential 
hooking injuries; and (7) acoustic tag ID (serial) number of the tag that will be implanted into 
the fish.  

After data collection, VEMCO V13-1L acoustic tags, programmed to have a “kill switch” 
and turn off after a pre-determined amount of time (i.e., 7 months) so that the tags do not 
interfere with other acoustic tagging studies after the tagged fishes have died, will be inserted 
into the fish.  The esophageal insertion method will be used, where acoustic tags are inserted 
into the stomachs of spring-run Chinook salmon.  Esophageal insertion will be used because 
surgery is not required, results in reduced tag loss and reduced changes in swimming 
behavior (due to the tag being placed near the center of the fish’s gravity) compared to 
external tagging, and a relatively short recovery time is required prior to releasing the fish 
(Demco et al. 2003 as cited in the M&E Program).   

After tagging, a caudal fin-clip will be taken for genetic sampling (refer to Genetic Sampling 
and Characterization Protocol and Procedure for more information).  A floy tag will be 
implanted in the subdural region near the dorsal fin of the fish for identification during 
carcass surveys.  After the fish is measured, acoustic-tagged, sampled for genetics, and floy-
tagged, the fish will be immediately released back into the river where the water is relatively 
calm and the fish can be observed.   

Monitoring for acoustic-tagged spring-run Chinook salmon will occur on the lower Yuba 
River from Englebright Dam to the Yuba River and Feather River confluence through the use 
of acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. comm.).  As of 
February 2009, there are 16 hydrophones located throughout the lower Yuba River, with an 
additional hydrophone planned to be installed at the downstream end of the Narrows.  
Monitoring for tag pings may also occur outside the lower Yuba River if tagged Chinook 
salmon move into other rivers such as the lower Feather River.  Static receiver hydrophones 
will operate continuously year-round and data will be obtained at least every other month by 
CDFG (The Heritage and Wild Trout and the Steelhead Management and Recovery 
Programs).  Data will be sent to the RMT’s lead biologist from the RMT acoustic-tagged 
spring-run Chinook salmon every other month.   

In addition to fixed-station hydrophones (i.e., static receivers), mobile tracking surveys will 
be conducted to monitor acoustic-tagged spring-run Chinook from Englebright Dam to the 
Yuba River and Feather River confluence via jet boat or walking and use of a hydrophone.  A 
jet boat will be used to survey from the Yuba River and Feather River confluence to the 
bottom of the Narrows. Surveyors will track acoustic tagged Chinook salmon from the 
Narrows Pool to Deer Creek and from Englebright Dam to Deer Creek by walking.  
Surveyors will only survey reaches that they deem safe between Englebright Dam and 
Narrows Pool.  One omni-directional and one directional hydrophone will be used in 
conjunction with an acoustic receiver for the mobile tracking surveys.   When an acoustically 
tagged fish is detected, the location will be recorded using a GPS unit.   
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Mobile tracking surveys will begin during mid-May, or soon after tagged fish are released. 
From below the Narrows to the Yuba River and Feather River confluence, mobile tracking 
surveys will be conducted every week. Mobile tracking surveys from below Englebright 
Dam to the bottom of the Narrows Reach also will be completed weekly if possible.   

Prior to initiation of the acoustic tagging survey, acoustic tags will be placed in various 
habitat types in the lower Yuba River, and mobile tracking surveys will be conducted to test 
the ability of detecting tag pings in the various habitat types.  Mobile tracking techniques will 
be refined as necessary to maximize the detection of acoustic tags in all habitat types in the 
lower Yuba River. 

8) VAKIRiverwatcher Monitoring 

Fish passage monitoring on the lower Yuba River is conducted using two VAKIRiverwatcher 
systems, in conjunction with digital photography located in the north and south fish ladders 
at DPD.  The data collected by the VAKIRiverwatcher systems for Chinook salmon and 
steelhead will be used in conjunction with data from redd surveys, carcass surveys, and 
angler surveys.  The combined datasets will be used to generate abundance estimates, help 
evaluate habitat use, and examine trends in fish passage.  

Goals of the VAKIRiverwatcher monitoring include: (1) estimate the abundance of spring-
run, fall-run, and late fall-run Chinook salmon and steelhead above DPD; (2) examine the 
temporal distribution of immigration of the total run, and natural origin spring-run, fall-run, 
and late fall-run Chinook salmon and steelhead immigrating past DPD; (3) examine the size 
structure of salmonids using length-frequency distributions; (4) examine the age structure of 
salmonids by examining the modalities of length-frequency distributions; (5) examine the 
annual and multi-year trends in timing of immigrating salmonids past DPD; (6) examine the 
annual and multi-year trends in timing of different sizes of immigrating salmonids past DPD; 
(7) use VAKIRiverwatcher data in conjunction with redd survey data to estimate the 
abundance of steelhead below DPD; and (8) use VAKIRiverwatcher data in conjunction with 
water temperature and flow data to evaluate potential relationships between water 
temperatures and flows, and the timing of adult salmonid immigration. 

Both of the VAKIRiverwatcher systems are operated year-round for monitoring fish 
migration in the lower Yuba River.  The VAKIRiverwatcher system began operation during 
2003, and is anticipated to be operated continuously at least through 2014.   

The VAKIRiverwatcher system records both silhouettes and electronic images of each fish 
passage event. By capturing silhouettes and images, fish passage can be accurately monitored 
even in under turbid conditions.  Data for each fish passage event is downloaded directly to 
an on-site PC for further analysis.   

Data collection for individual fish passage events are automatically recorded by the 
VAKIRiverwatcher systems.  Each data record is reviewed by personnel to: (1) identify the 
fish species; (2) examine if Chinook salmon have an adipose fin, and (3) identify non-fish 
passage events (i.e., debris).  The VAKIRiverwatcher systems record the time/date of each 
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fish passage event, the upstream or downstream direction of passage, the speed of the fish 
moving through the system (m/sec), the fish’s body depth (mm), and logs water temperature 
every hour.  The body depth of a fish is converted to a length measurement (cm) by the 
program software (Winari v. 4.16) utilizing a body length-to-depth ratio.  The morphometric 
body ratios were obtained by measuring 36 fall-run Chinook salmon in 2003 and 119 fall-run 
Chinook salmon in 2005 from the Feather River Hatchery and 168 steelhead from the lower 
Yuba River (D. Massa, CDFG, pers. comm. 2009).  To maximize the accuracy of passage 
estimates generated by the VAKIRiverwatcher systems, a full-time technician will be 
employed to monitor the systems and minimize system off-line events.    

9) Redd Surveys 

Redd counts have been used widely to estimate or provide indices of adult salmonid 
escapement or abundance, and examine the spatial and temporal distribution of spawning 
adult salmonids.  In addition, data pertaining to redd location and size will be obtained to 
develop indices of redd superimposition using GIS analyses for the Chinook salmon runs and 
steelhead/rainbow trout in the lower Yuba River.   

Goals of the redd surveys conducted in the lower Yuba River include: (1) evaluate and 
compare the spatial and temporal distribution of redds and redd superimposition over the 
spawning seasons for the Chinook salmon runs and steelhead/rainbow trout spawning in the 
lower Yuba River; (2) compare the magnitude (and seasonal trends) of lower Yuba River 
flows and water temperatures with the spatial and temporal distribution of redds (and rates of 
redd superimposition) for the Chinook salmon runs and steelhead/rainbow trout; (3) estimate 
the total annual abundance of adult fall-run Chinook salmon and steelhead/rainbow trout in 
conjunction with angler surveys and VAKIRiverwatcher data; and (4) establish a long-term 
data set to be used to evaluate habitat utilization by the Chinook salmon runs and 
steelhead/rainbow trout in the lower Yuba River under variable biotic and abiotic conditions.   

Reconnaissance-level redd surveys will be conducted during August to document the 
initiation of spawning activity in the lower Yuba River. The 2008-2009 and 2009-2010 redd 
surveys were conducted weekly beginning the week after a redd was first observed during the 
reconnaissance-level redd survey through the portion of the season encompassing the 
majority of Chinook salmon spawning activity.  Prior redd and carcass surveys indicate that 
the majority of Chinook salmon spawning activity occurs through December, with reduced 
amounts of Chinook salmon spawning continuing through late-March, and steelhead/rainbow 
trout spawning extending through April.  From the 2008-2009 pilot redd survey data and a 
simulation approach, a weekly sampling frequency was found to result in the most precise 
and accurate (least biased) estimates of spawning activity.  Therefore, weekly redd surveys 
will be conducted from the initiation of spawning activity until May each year beginning 
during the 2010-2011 redd survey and subsequent surveys.   

Approximately 20.9 mi. of the 24 mi. of total length of the lower Yuba River will be 
surveyed during the redd surveys.  About 0.7 mi. of the lower Yuba River located 
immediately below the first set of riffles downstream of Deer Creek to the top of Narrows 
Pool will not be surveyed due to rugged and dangerous conditions in the steep canyon known 
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as the Narrows.  Additionally, an approximate 2 mi. section of the lower Yuba River from 
Simpson Lane Bridge to the confluence with the Feather River will not be regularly surveyed 
because redds have not been observed during past surveys. This section of the river will be 
surveyed once during peak Chinook salmon spawning to ascertain that this section is, in fact, 
not being utilized for spawning.   

Several species of fish exist in the lower Yuba River known to construct redds including 
Chinook salmon, steelhead/rainbow trout, Sacramento sucker (Catostomus occidentallis), 
and Pacific lamprey (Lampetra tridentata). Visual differentiation between steelhead/rainbow 
trout redds and Sacramento sucker, and Pacific lamprey spawning nests is of concern because 
these three species clean the gravel during spawning.  Sacramento suckers do not typically 
spawn until late-March and April, and are generally visible during their spawning season.  
Steelhead/rainbow trout redds are generally easy to distinguish, because they create a 
noticeable pit and tail spill in the gravel during redd construction.  The Oregon Department 
of Fish and Wildlife (1999; as cited in the M&E Program) distinguish lamprey spawning 
nests and steelhead/rainbow trout redds using redd/nest dimension measurements. A 
steelhead/rainbow trout redd is distinguished by a longer length than width and the tailings 
are evenly distributed downstream by the current.  Lamprey spawning nests generally have a 
neat and round appearance, with a conical bowl.  The unique characteristic of a lamprey 
spawning nest is the placement of the tailings upstream from the nest.  Lamprey excavate 
their spawning nests by sucking onto the gravel and then depositing it outside the nest.   

Species-specific redd identification will be conducted by comparing the physical dimensions 
and locations for all known redds (i.e., redds which were positively identified with one 
species or another building or guarding them).  During the redd surveys, each redd observed 
with an adult building or guarding them will be measured, and the species identified and 
recorded. Result from the 2008-2009 and 2009-2010 redd surveys in the lower Yuba River 
indicated that  lamprey were observed spawning in late-March and early-April in the most 
downstream sampling reach of the lower Yuba River, where sand was the subdominant 
substrate.  

The 2010-2011 redd surveys, and any subsequent surveys, will be conducted using two 
catarafts rather than the four kayaks used during the 2008-2009 and 2009-2010 redd surveys.  
Each surveyor, wearing polarized sunglasses, will scan the river from the shore to the middle 
of the river, working downstream.  Side channels in the survey area may require walking.  
Visibility will be measured using a secchi disk at the top of the survey section.  

Deep water surveys will be conducted during the 2010-2011 redd survey period in addition to 
the surveys conducted by cataraft. The specific methods employed for the deep-water 
surveys are being field tested during the winter and late-summer of 2010.   

For each new redd observed throughout the sampling season, the following data will be 
recorded: (1) a GPS (Trimble GeoExplorer XT) location taken at the center of the redd’s pit 
with a unique identifying number (i.e., Date + plus redd number; i.e. 082908-001); (2) total 
dimensional area (using a GPS) for areas appearing to contain multiple redds with no clear 
boundaries (i.e., mass aggregate spawning); (3)  habitat type (i.e., pool, riffle, run, or glide); 
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(4) substrate composition of ambient habitat based on substrate size immediately upstream of 
the pit; (5) redd species identification; (6) number of fish observed on the redd; (7) location 
information (i.e., side channel or main channel); (8) comments regarding observable redd 
superimposition (i.e., redd overlap); and (9) any additional comments.  

The path undertaken by each surveyor down the river will be recorded using Garmin 
GPSMAP 60Cx GPS units to document specific locations of the river surveyed. The GPS 
(Trimble GeoExploerXT) and a data dictionary will be used to ensure redds counted during 
the previous survey weeks are not double-counted. In addition, surveyors will mark each 
redd at the pit with a painted rock.  Redd area measurements will be conducted to examine 
redd superimposition throughout the lower Yuba River for the Chinook salmon runs and 
steelhead/rainbow trout.  

At each fresh redd located, measurements of mean water column velocity, “nose velocity” 
(i.e., fish focal point water velocity, which is the water velocity at an observed fish’s position 
or, when a fish is not observed actively preparing a redd, at the predetermined distance of 0.5 
ft above the undisturbed streambed), total water depth and visual estimates of substrate 
composition will be made to approximate habitat conditions prior to gravel disturbance 
caused during redd construction.  All measurements will be made 0.5 ft upstream of the 
leading edge of the pit along the mid-line of the redd, unless field personnel determine that 
measurements adjacent to the mid-point of the pit are more representative of undisturbed 
conditions for that specific location.  The specific location of the measurements will be 
recorded on the data sheet. 

Redd substrate composition will be visually estimated as percentage composition (to the 
nearest 10 percent) of each of eight size categories. Prior to conducting the steelhead/rainbow 
trout redd surveys, the field survey crews will become familiar with visual substrate size 
estimation by having undergone training by visually estimating substrate size, then 
comparing those estimates to results obtained by passing those substrate elements through a 
gravel template.  Visual estimation of substrate sizes will be along the B axis of the substrate 
elements.  

10) Carcass Surveys 

The carcass surveys use a mark and recapture technique to estimate the abundance of 
spawning adult Chinook salmon. The annual abundance estimates are essential for 
monitoring trends in population size.  In addition, biological data is collected from observed 
Chinook salmon carcasses (i.e., length, sex, spawning status, genetic tissue samples, scales, 
otoliths, and coded wire-tags) to monitor the populations.  

Goals of the annual carcass surveys in conjunction with data collected from the 
VAKIRiverwatcher, and acoustic tagging survey include:  (1) use the genetic tissue samples 
collected during the carcass survey and the acoustic tagging survey to differentiate spring-run 
and fall-run Chinook salmon; (2) use the coded-wire tags and otoliths collected to determine 
the origin of Chinook salmon (i.e., hatchery-origin, natural-origin and river of origin); (3) 
estimate the total, weekly, monthly and seasonal abundances of spring-run and fall-run 
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Chinook salmon; (4) estimate the abundance of natural-origin and hatchery-origin spring-run 
and fall-run adult Chinook salmon; (5) use length data to examine the size structure of the 
spring-run and fall-run Chinook salmon populations; (6) use scale samples to examine the 
age structure of the spring-run and fall-run Chinook salmon populations; and (7) examine 
multi-year trends in the annual run sizes of spring-run and fall-run Chinook salmon (i.e., total 
population, hatchery-origin and natural-origin).  

The annual Chinook salmon carcass surveys will be a long-term monitoring effort of the 
lower Yuba River spring-run and fall-run adult Chinook salmon populations. A consistent 
carcass survey methodology has been employed in the lower Yuba River since the mid-1990s 
(Massa 2008).  Annual Chinook salmon carcass surveys will occur from the beginning of the 
spawning season (September) through the end of the spawning season (late-January).  Begin 
and end dates of the annual carcass survey will vary depending on when Chinook salmon 
redds are observed and when the recapture rate of tagged carcasses in January approaches 
zero.  Field reconnaissance teams begin to monitor Chinook salmon spawning during August.  
The first carcass survey will begin about 10 to 14 days after the first Chinook salmon redds 
are observed.  

The study area for the carcass survey is the lower Yuba River extending from the Englebright 
Dam downstream to the Simpson Lane Bridge. The study area is divided into three survey 
reaches: (1) Narrows Pool to Highway 20 Bridge; (2) Highway 20 Bridge to DPD; and (3) 
DPD to Simpson Lane Bridge. All survey reaches will be surveyed once a week.  

The weekly carcass survey will be conducted by a crew of 4-6 people and will be executed 
via jet boat and walking.  Two crews will be utilized to collect scale samples, tissue samples, 
otoliths and heads for coded-wire tag recovery (i.e., 2008/2009 through 2013/2014).   

During the weekly carcass survey, personnel will collect, count, and record data for: (1) fresh 
carcasses (carcass with red or pink gills, or at least one clear eye); (2) non-fresh carcasses (no 
clear eyes and gills are not red or pink); and (3) tagged carcasses.  All observed non-fresh 
carcasses and adipose fin-clipped carcasses will be counted and chopped in half to prevent 
recounting during subsequent surveys.  Tagged carcasses (recaptures from previous surveys) 
will be counted and chopped. Fresh carcasses that have an adipose fin will be counted and 
tagged.  All carcasses will be released into the river.  Fresh adult carcass data will be used in 
the Schaefer mark-recapture model (Schaefer 1951 as cited in the M&E Program) with 
modifications referenced to Taylor (1974; as cited in the M&E Program) to estimate 
abundance.  Abundance will be estimated weekly throughout the annual spawning period, 
and annually.  

11) Snorkel Surveys 

The overall goal of the Snorkel Surveys Protocol and Procedure is to study anadromous 
salmonid diversity and habitat occurrence, in addition to observing community composition 
in the lower Yuba River.  This Protocol and Procedure evaluates abiotic variables affecting 
fish diversity and habitat occurrence including external forces (i.e., daily cycle, time of year, 
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flow, and fluvial landform structure), and internal responses to specific combinations of the 
external forces (i.e., spatial pattern of water depth and mesohabitat pattern).   

It is anticipated that 2 years of snorkel surveys will be conducted, beginning during winter of 
2011.  Sampling months will be selected so that all juvenile salmonid life stages will be 
present in the river during the course of snorkeling activities, however, it may be prudent to 
continue sampling through the duration of summer.  The study area for the snorkel surveys is 
the lower Yuba River from Englebright Dam to the confluence of the Yuba and Feather 
rivers (near Marysville, California). This study length includes a diverse assemblage of 
mesohabitat types as indicated by observed riffle habitat spacing at approximately 4-7 
bankful widths in most gravel-bed rivers.  The rapids in the Narrows will not be sampled due 
to potential safety issues. 

The specific sampling design continues to undergo refinement by the RMT. However, at this 
time, it is anticipated that a morphological unit (up to 9 in-channel types and 3-5 edge types) 
oriented sampling strategy, stratified by river reach (up to 8 reaches based on geomorphic 
principles) will be employed.  The objective of the survey sampling design is to obtain a 
strong geographical distribution suitable for longitudinal analysis. Prior to each sampling 
survey, specific localities will be identified using GIS and uploaded to Trimble GPS units for 
easy field location. 

Divers will evaluate visibility in the lower Yuba River by taking NTU measurements before 
sampling each day to determine if surveying is warranted. For each day of sampling, 
“effective visibility’ will be measured using a standard “4” lure and measured maximum 
distance for underwater identification of parr marks. 

Surveys will be conducted with three people in the river and a fourth on the river bank.  A 
second bank recorder may be necessary for units with high densities of fish.  Channel units 
will be surveyed by divers daily beginning at the downstream end of the channel unit 
working towards the upstream end of the channel unit whenever possible.  This includes 
working in an upstream direction along channel margins in swift areas.  In deep, high 
velocity areas of the river where snorkelers are physically unable to snorkel upstream, they 
will survey the area by drifting downstream 3 abreast.  In some areas of the river, it may be 
impossible to conduct snorkel surveys in either direction due to water velocity and in river 
hazards (i.e., rapids, rocks).  In these non-sampled areas, probability statistics may need to be 
applied.  Fish that are disturbed during the survey (i.e., swimming away and/or seeking 
refuge) will not be considered to be exhibiting normal behavior.    When undisturbed fish are 
located, snorkelers will first take a still image using their mask-integrated digital camera.   

Snorkeling effort will not be uniform in all channel units because the lower Yuba River 
ranges in width from 10-100 m.  Snorkelers will maintain “lanes” during surveys, spaced so 
that they are 3 m apart.  Snorkelers are responsible for surveying the area 1.5 m on either side 
of their path through the river.  The snorkeler closest to the bank should maintain a distance 
1.5 m from the bank and is responsible for surveying the area from the bank to an imaginary 
line 3 m from the bank.  Backwater habitats and off-channel pools will be visually sampled 
by the nearest surveyor.   
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Snorkelers will identify species and life stage, estimate fish length, and measure water depth 
that the fish is observed in.  Fish length will be estimated in 20-mm size increments (i.e., 30-
50 mm, 50-70 mm, etc.), which is believed to be the smallest interval that trained divers can 
distinguish.  When a group of fish is observed, and it is not possible to characterize them all 
individually, then counts of the number of fish in habitat “patches” (defined by the area of 
riverbed that can be effectively observed by a single diver) will be made.  A colored weight 
(large washers, fishing leads) with attached numbered tag will be placed on the bed to mark 
the location of either a single fish being observed or the central location of a group of fish too 
numerous to identify each one.  Once the entire channel unit has been surveyed, two divers 
will walk or drift back downstream with a Trimble GPS to relocate and record the GPS 
location for all bed tags identified during the snorkel survey in order to be able to 
characterize water depth, water velocity, proximity to cover, and other geomorphic features.  
The area of non-sampled channel resulting from excessive water velocity will be quantified 
at a representative snorkeling discharge, or range of discharges, and subsequently classified 
as “swimmable” and “unswimmable” areas, as part of the M&E Program 2D Hydrodynamic 
Model of the lower Yuba River.  The resulting two multi-feature GIS vector polygons will be 
intersected with the M&E Program Mesohabitat Map, as appropriate for that discharge, and 
used to determine the relative abundances of non-sampled mesohabitat at the lower Yuba 
River and study-site-only spatial scales.  

12) Rotary Screw Trapping 

Rotary Screw Traps (RSTs) are anchored at a fixed point in the stream channel and intercept 
a portion of the juveniles, smolts, or fry of juvenile salmonids migrating downstream, as well 
as other fishes, utilizing the force of moving water over baffles inside the cone to rotate.    
RSTs provide valuable information such as the presence/absence of migrating life-stages, 
determination of age and size at migration, condition, timing, species, and genetic 
characteristics (Volkhardt et al. 2007 as cited in the M&E Program).   

Goals of the rotary screw trapping include: (1) document the (juvenile) fish community 
composition in the lower Yuba River; (2) estimate and examine trends in the weekly, 
monthly, seasonal and annual abundances of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout from above DPD and the lower Yuba River; (3) estimate the number 
of juvenile spring-run Chinook salmon and steelhead/rainbow trout that rear during the 
summer and emigrate in the fall from DPD and the lower Yuba River; (4) examine the 
influence of lower Yuba River flows and water temperature on the timing of juvenile 
Chinook salmon and steelhead/rainbow trout emigration; (5) evaluate time-period specific 
size structure during juvenile Chinook salmon and steelhead/rainbow trout emigration; and 
(6) document the seasonal presence of developmental phases (i.e., yolk-sac fry, fry, parr, 
silvery parr, and smolt) of juvenile Chinook salmon and steelhead/rainbow trout. 

RST sampling has been conducted seasonally on the lower Yuba River from 1999 to 2005 
and year-round from 2006 to 2009.  RST sampling has been temporarily suspended until the 
logistics associated with implementing a trapping device at or upstream of DPD have been 
resolved, in order to obtain comparable data between upstream and downstream locations for 
focused evaluations. It is anticipated that additional sampling will be conducted commencing 
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in 2011, and may be conducted in subsequent years pending results, as evaluated by the 
RMT. 

The RSTs are fished year-round, with the survey period defined as October 1 through 
September 31. Interruptions of sampling effort within a particular survey period due to, for 
example, excessive debris or high streamflow, is recorded and justified.   

The M&E Program Rotary Screw Trapping activities have utilized a set of three RSTs near 
Hallwood Boulevard (approximately 0.5 mi. upstream of Hallwood Boulevard at RM 7.5).  A 
fourth trap is intended for use upstream of DPD, although, the exact location has not been 
chosen.  Two of the RSTs at the Hallwood Boulevard location are conically shaped with a 
cone diameter of 8 feet. The two 8-ft RSTs (RST 1 and RST 2) are fished in tandem and 
tethered to a rock anchor and set approximately 100 feet downstream of the 5-ft RST.  The 
third RST at the Hallwood Boulevard location has a cone diameter of 5 feet, tethered by an 
earth anchor situated toward the downstream end of a large gravel bar.  

A field crew of two to three technicians service the RSTs at least once per day to document 
their operational status, remove trapped fish from the live box, estimate rotation speed, 
remove debris, and record water temperature (°C), velocity (feet per second), and turbidity 
(NTUs).  During periods of excessive algae growth (June-October), high debris loads, or high 
river flow events the RSTs will be serviced at least twice per day to keep them rotating 
continuously and reduce fish mortality.   

Captured fish are processed on the bank of the river.  Juvenile steelhead/rainbow trout and 
Chinook salmon are processed before other fish species and are kept in separate buckets for 
mark-recapture tests.  Estimates of species abundance, weight (0.1 g), and fork length (mm) 
are made.  Captured steelhead/rainbow trout and Chinook salmon are additionally assigned 
life-stage index values and run designation. Mark-recapture tests are performed 
approximately weekly for juvenile steelhead/rainbow trout and juvenile Chinook salmon 
once captured numbers equal or exceed the pre-specified target number (1000), or 5 days 
have elapsed, whichever comes first.  A minimum of 300 juvenile Chinook salmon or 
steelhead/rainbow trout are needed for the efficiency tests.  Fish are marked with Bismarck 
Brown powder on the day prior to release, held overnight, and released the next day.  All 
recaptured fish in each of the RSTs are measured for fork length (mm), weighed (0.1 g), and 
assigned a life-stage index value.  Trap efficiency is estimated using data collected during the 
seven days after a group of efficiency test fish is released.  Marked fish are released 625 
meters upstream from the trapping location and uniformly across the river for random 
dispersal.  Capture efficiency tests will be performed throughout the year whenever catch of 
juvenile Chinook salmon or steelhead/rainbow trout in the RST is sufficient.   

13) Genetic Sampling and Characterization 

A genetic analysis of phenotypic spring-run Chinook salmon collected in the lower Yuba 
River will help identify the amount of introgression among spring-run and fall-run Chinook 
salmon, and source populations for phenotypic spring-run Chinook salmon that currently 
exist in the lower Yuba River. Additional monitoring such as Acoustic Tagging and Tracking 
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and Carcass Surveying is ongoing, and will provide additional information regarding the 
current extent of reproductive isolation between spring-run and fall-run Chinook salmon in 
the lower Yuba River.   

Goals of the Genetic Sampling and Characterization Protocol and Procedure are to use tissue 
samples to: (1) identify the genetic composition of lower Yuba River phenotypic fall-run and 
spring-run Chinook salmon; and (2) examine genetic differentiation between fall-run and 
spring-run Chinook salmon in the lower Yuba River.  

Adult Chinook salmon genetic sampling began during May 2009, when 43 adult phenotypic 
spring-run Chinook salmon were sampled. Sampling also is being conducted during the 
May/June 2010 Acoustic Tagging and Tracking surveys, and during the 2010 fall Carcass 
Surveys (September through December). Additional sampling may be conducted during 
subsequent years, pending the RMT’s review of the results from previous and planned 
sampling.  

Genetic sampling will occur during the acoustic tagging and tracking survey of immigrating 
adult spring-run Chinook salmon (May/June) and during Chinook salmon carcass surveys 
(September through December).  Genetic sampling of Chinook salmon carcasses will occur 
throughout the carcass surveys, beginning in September (targeting spring-run Chinook 
salmon) and continuing through late December (targeting fall-run Chinook salmon).   

For the purpose of genetic sampling of adult Chinook salmon, the study area extends from 
the downstream terminus of the Narrows to the confluence of the lower Yuba River and the 
Feather River near Marysville, California. 

Genetic sampling of live adult phenotypic spring-run Chinook salmon will occur on the 
lower Yuba River downstream of DPD. Tissue samples will be obtained from adult 
phenotypic spring-run Chinook salmon during acoustic tagging and tracking surveys.  
Therefore, the exact location(s) for genetic sampling will vary depending upon the specific 
locations of individual captures.  Genetic sampling also will be conducted during the 
Chinook salmon carcass surveys, in survey reaches including: (1) Narrows pool to Highway 
20 Bridge; (2) Highway 20 Bridge to DPD; and (3) DPD to Simpson Lane Bridge.   

Guidelines for genetic sample collection provided by the NOAA Southwest Fisheries Science 
Center’s Santa Cruz laboratory (refer to Attachment 2 of the M&E Program Genetic 
Sampling and Characterization Protocol and Procedure), as well as additional guidelines 
provided by the CDFG (refer to Attachment 3 of the M&E Program Genetic Sampling 
Protocol and Procedure), will be used to collect data and genetic samples from all live adult 
Chinook salmon and Fresh (i.e., pink or red gills or at least one clean eye) Chinook salmon 
carcasses. Genetic analyses are conducted by the NOAA Southwest Fisheries Science 
Center’s Santa Cruz laboratory.   

Scales are additionally collected as part of the M&E Programs Genetic Sampling and 
Characterization Protocol and Procedure for age assessment.  If possible, all observed fresh 
Chinook salmon carcasses will have scale samples and associated data collected.  For the 
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CDFG Age Scale Program, a minimum goal of 550 scale samples is needed for each run of 
Chinook salmon being sampled (Kormos 2007 as cited in the M&E Program).  In addition, 
scale samples are needed for all coded-wire tagged fish and all grilse.  Scale samples are 
collected from a preferred scale area located on the left side of the fish.  A diagonal section 
of 20-30 scales are taken from the posterior insertion of the dorsal fin and just slightly above 
the lateral line.   

14) Otolith Sampling and Characterization 

The Otolith Sampling and Characterization Protocol and Procedure will identify whether 
adults spawning on the Yuba River were originally born and reared in the lower Yuba River 
or whether they are strays to the lower Yuba River. The use of 87Sr/86Sr isotopic data permits 
the identification of whether individuals are of natural or hatchery origin, as well as their 
specific source of origin (e.g., Feather River Hatchery vs. Coleman National Fish Hatchery). 

The Yuba River has an 87Sr/86Sr value of 0.7082 (Barnett-Johnson et al. 2008 as cited in the 
M&E Program). This relatively high ratio is distinct among other tributaries to the 
Sacramento River. Wild and hatchery-origin fish from the Feather River are likely sources of 
strays due to proximity to the lower Yuba River and are isotopically distinguishable from the 
lower Yuba River and each other, as are other potential sources of strays. 

Goals of the Otolith Survey include: (1) determining the origin of Chinook salmon in the 
lower Yuba River (i.e., hatchery-origin, natural-origin and river of origin); and (2) evaluating 
the contribution of Chinook salmon naturally produced in the Yuba River to the returning 
spawning population.   

Otolith sampling was conducted during 2009-2010 and will again be conducted during 2010-
2011.  The need for additional years of sampling will be determined pending the RMT’s 
review of the results from previous and planned sampling.  Otoliths are collected during the 
annual Chinook salmon carcass surveys as part of the long-term monitoring effort of the 
lower Yuba River spring-run and fall-run adult Chinook salmon populations. Annual 
Chinook salmon carcass surveys and otolith sampling occur from the beginning of the 
spawning season (September) through the end of the spawning season (late-January).  Begin 
and end dates of the annual carcass survey will vary depending on when Chinook salmon 
redds are observed and when the recapture rate of tagged carcasses in January approaches 
zero.   

In the field, otoliths are removed from all fresh non-adipose fin-clipped Chinook salmon 
carcasses.  In addition, otoliths are removed from all of the heads collected from adipose fin-
clipped carcasses in the laboratory unless a sub-sampling procedure (as described below) is 
required due to high carcass numbers.  A “flip top” approach for removing otoliths is used so 
the fresh non-adipose fin-clipped fresh carcasses can be tagged for the mark-recapture study.  
A detailed description of this procedure is provided in the M&E Program Carcass Survey 
Protocol and Procedure. 
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The Otolith Sampling and Characterization Protocol and Procedure analyzes a minimum of 
100 temporally stratified otoliths to reflect the distribution of spawners to the lower Yuba 
River and acquire a reasonable estimate of straying.  Sample numbers may be increased to 
better constrain estimates as demonstrated during the 2009 Otolith Survey. Otolith survey 
results will be linked to the M&E Program Genetic Sampling analysis (spring- vs. fall-run 
Chinook salmon determination). 

All fresh Chinook salmon carcasses were sampled during the 2009 carcass survey, with the 
exception of October 21, 2009 when sub-sampling methods were used because of a large 
sample size. Watershed-level composition estimate was attained by creating a 'Rand' variable 
in excel to assign a random number to each otolith sample.  Samples were subsequently 
sorted in ascending order, and the first 120 samples used in analysis.  The additional 20 
samples were saved in case any of the initial 120 samples were compromised during the 
preparation process, or were required for later analysis. 

Samples collected on October 21, 2009 were sub-sampled at a ratio 1:5 in the field.  To 
ensure than these sub-samples were not underestimated in the watershed-level composition 
estimate, and to account for a greater representation of carcasses on that day that were not 
sampled, 4 “dummy” variables was created for each of samples collected, which represented 
the fish not sampled.  The “dummy” variable was included in the original 'Rand' subsample.  
In the instance where a “dummy” variable was selected as part of the subsample, a collected 
otolith sampled from a carcass that day was substituted. 

Otolith microchemistry analysis is performed via a contract with the Barnett-Johnson 
Fisheries and Otolith Laboratory at the University of California, Santa Cruz.  Otolith 
microchemistry analyses conducted are expected to be similar to those used by Barnett-
Johnson et al. (2007 and 2008; as cited in the M&E Program).  The microchemistry analysis 
assessed the concentration of heavy and light Strontium isotopes, 87Sr and 86Sr respectively, 
because Sr substitutes for Ca in the otoliths carbonate matrix and can be extracted at daily 
growth increments.  The technique analyses the 87S /86Sr isotopic ratios that identify natal 
freshwater habitat, small-scale movement patterns and timing of migration into freshwater 
from the ocean based on water chemistry or foodwebs disparities among habitats. In addition 
to otolith microchemistry analyses, efforts are underway to plan activities associated with 
otolith microstructure analyses to examine discrete daily growth increments deposited 
throughout the life of the fish. 
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OTHER DATA COLLECTION AND MONITORING PROGRAMS 

CDFG Scale Aging Program 

CDFG uses scales to estimate salmonid size at age, and obtain information on the age 
structure of the annual Chinook salmon runs in the Central Valley, including the lower Yuba 
River.  Scale sampling occurs at hatcheries and on CDFG escapement surveys to reflect 
spatial and temporal differences in age structure among fish.   

Goals of CDFG’s Scale-Age Program include: (1) examining age structure and the variation 
in the age structure of the total (hatchery and natural origin) and of natural origin spring-run 
and fall-run Chinook salmon; and (2) estimating sex composition by age for the total 
(hatchery and natural origin) population and of natural origin adults, and determine the 
variability in sex composition of the adult population (by age) for spring-run and fall-run 
Chinook salmon.  

Lower Yuba River Chinook salmon escapement surveys are conducted each year (see 
above). Scale samples are collected annually from October through January in the lower 
Yuba River.  Results from the 2006-2007 and 2007-2008 are reported above (see Grover and 
Kormos undated).  

Scale samples are collected from fresh Chinook salmon carcasses for age determination and 
cohort reconstruction through cooperation with the Ocean Salmon Project. The sample 
design was selected to achieve a non-biased estimate of age structure for the specific portion 
of the population where escapement estimates are made without respect to known or 
unknown age fish. Almost all of the adipose fin clipped fish from hatcheries are scale 
sampled to provide a reference collection of as many known age scales as possible. In 
hatcheries, samples are collected at a constant rate throughout the entire spawning period 
keeping track of the “random” age sample and the additional “non-random” known age 
samples. During carcass surveys, samples are collected at a constant rate as fish suitable for 
sampling are encountered. Because of the high sample rate for known age scales at hatcheries 
and the difficulty of sampling on spawning grounds, non-random samples are generally not 
taken from adipose fin clipped carcasses. 

A skin patch containing between 20-30 scales is removed from the scale pocket located 
posterior of the last dorsal fin ray, and above the lateral line. Each skin patch is placed in an 
individual envelope containing: (1) unique sample code; (2) date; (3) location; (4) fork 
length; (5) sex; (6) ad-clip status; and (7) head tag number if available. Scale envelopes are 
placed in a dry storage area for later processing by the Ocean Salmon Project’s scale aging 
team.  State of the art mounting, digital imaging and digital reading techniques are currently 
used to examine age structures or patterns.  Individual ages are determined from scales by 
counting winter annuli. Annuli can be identified as bands of closely spaced or broken circuli. 
Scale samples are read by an individual experienced reader and field biological data (sex and 
length) are taken into consideration only after the initial evaluation of age by the reader.   
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CDFG Angler Surveys 

In 1998, the CDFG created the Central Valley Salmon and Steelhead Harvest Monitoring 
Project.  The goal of this program is to estimate the number of adult Chinook salmon and 
steelhead resulting from natural production in Central Valley rivers and streams including: 
(1) determining annual estimates of the total in-river harvest of salmon and steelhead; and (2) 
provide limited harvest data on other anadromous and resident sport fish species. . According 
to CDFG’s current Freshwater Sport Fishing Regulations, the lower Yuba River is closed to 
salmon fishing. 

River sections for the lower Yuba River are surveyed year round (D. Massa, CDFG, pers. 
comm., 2009) Two river sections have been previously surveyed by the Central Valley 
Angler Survey on the Yuba River including: (1) Marysville to DPD; and (2) DPD to 1 mile 
upstream of the Highway 20 Bridge. All sample sections were surveyed eight randomly-
selected days per month; four weekdays and four weekend days. Weekdays and weekend 
days were placed in separate strata due to the increase in angling effort commonly associated 
with weekend days. 

The Yuba River is surveyed via kayak, so the angler count and interview data are collected in 
tandem as the surveyor travels downstream with the current.   Start time and launch location 
are randomized using a random number generator.  All data collected is linked to a unique 
number series assigned to the Central Valley tributaries of the Sacramento River that 
represent river miles.  

Field data required to calculate angler use and catch estimates include hourly counts, angler 
counts, and angler interviews.  During the angler count, time and location of anglers is 
collected, as well as parameters for angler effort such as the number of boats, the number of 
boat or shore anglers, and the start and finish times.  An interview of all anglers observed 
during the angler count is preferable.  However, if not feasible than every nth angler is 
interviewed.  Data collected during each interview includes: (1) angler location by river mile; 
(2) fishing method (boat or shore); (3) number of hours fished to the nearest quarter-hour; (4) 
number of anglers in group; (5) target species; (6) zip code; (7) whether the trip was 
completed; and (8) the number of fish kept and/or released by species. 

Length is used to differentiate between steelhead and rainbow trout. All rainbow trout 16" or 
greater are considered to be steelhead. Rainbow trout less than 16" are recorded as rainbow 
trout. For, steelhead/rainbow trout, striped bass, and sturgeon, fish are measured to the 
nearest ½ centimeter and inspected for any marks or tags.  All steelhead caught are inspected 
for the presence of an adipose fin. A steelhead missing an adipose fin indicated the fish was 
of possible hatchery origin. 

YCWA Lower Yuba River Redd Dewatering and Fry Stranding Monitoring and 
Evaluation  

In D-1644, the SWRCB in 2001 directed YCWA to submit a plan, in consultation with 
USFWS, NMFS, and CDFG that describes the scope and duration of future flow fluctuation 
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studies to verify that Chinook salmon and steelhead redds are being adequately protected 
from dewatering with implementation of D-1644 criteria (JSA 1992). In RD-1644, the 
SWRCB in 2003 readopted this requirement. After various comments and revisions, the 
March 2002 Plan (Plan) was approved by the SWRCB on April 17, 2002. Phase I of the Plan 
was undertaken in 2002, and implementation of Phase II of the Plan continues. 

Studies associated with the Plan combine habitat mapping, field surveys, and information on 
the timing and distribution of fry rearing in the lower Yuba River to evaluate the 
effectiveness of D-1644 flow fluctuation and reduction criteria in protecting Chinook salmon 
and steelhead/rainbow trout fry.  Goals of YCWA Lower Yuba River Redd Dewatering and 
Fry Stranding Monitoring and Evaluation include: (1) determine the potential magnitude of 
redd dewatering in relation to the timing and magnitude of flow fluctuations and reductions; 
(2) determine the potential magnitude of fry stranding in relation to the timing, magnitude, 
and rate of flow fluctuations and reductions; (3) evaluate the effectiveness of flow fluctuation 
and reduction criteria in protecting redds and fry; and (4) recommend additional measures to 
protect redds and fry from flow fluctuations and reductions, if warranted.  

Two studies were conducted and summarized in the 2007 and 2008 Lower Yuba River Redd 
Dewatering and Fry Stranding Annual Reports (JSA 2007, 2008) to the SWRCB (see the 
Available Field Studies and Data Collection Reports section of this document).   

In accordance with the Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan (2003), YCWA and JSA will continue to monitor and evaluate 
stranding risk and flow-habitat relationships for off-channel stranding.  Future actions will 
include the following: (1) continued evaluation of the effects of time of day (night versus 
day) on stranding risk of juveniles; (2) inspection of interstitial habitats along the river 
margins to determine the presence of young fry before bar stranding evaluations; (3) 
evaluation of the effects of higher ramping rates (>100 cfs per hour) on stranding risk of 
larger fry and juveniles; (4) continued evaluation of the relationship between flow range and 
the number, area, and distribution of off-channel sites that become disconnected from the 
main river; (5) evaluation of the effect of peak winter and spring flows on the incidence of 
off-channel stranding; and (6) continued monitoring of habitat conditions and survival of 
Chinook salmon and steelhead/rainbow trout in selected off-channel monitoring sites where 
stranding is frequently observed.   

CDFG Steelhead/Rainbow Trout Acoustic Tagging and Tracking Survey 

This is a multi-year study to monitor the movement patterns of wild juvenile and adult 
steelhead/rainbow trout in the lower Yuba River by CDFG (The Heritage and Wild Trout and 
the Steelhead Management and Recovery Programs). Utilizing acoustical tags and instream 
hydrophones, this project will track tagged trout movements, habitat selection, and evaluate 
tracking techniques over multiple seasons and flow conditions. The goal of this program is to 
develop understanding regarding the movement of steelhead/rainbow trout to help agencies 
better manage the trout populations on the lower Yuba River, thus providing anglers with a 
continued sport fishing opportunity for wild resident/anadromous trout in the Central Valley. 
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Monitoring for acoustic-tagged spring-run Chinook salmon occurs on the lower Yuba River 
from Englebright Dam to the Yuba River and Feather River confluence through the use of 
acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. comm.).  As of 
February 2009, there are 16 hydrophones located throughout the lower Yuba River.  Static 
receiver hydrophones will operate continuously year-round and data will be obtained at least 
every other month by CDFG.   

Wild juvenile and adult steelhead/rainbow trout are captured using hook-and-line sampling, 
and acoustic tags are inserted into the fish. The exact location(s) for acoustic tagging will 
vary depending upon the specific locations of individual captures.   

In addition to fixed-station hydrophones (i.e., static receivers), mobile tracking surveys are 
conducted.  When an acoustically tagged fish is detected, the location is recorded using a 
GPS unit.   
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Study 7.9 

GREEN STURGEON 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

August 2011 
 

1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect habitat 
suitability and availability for the Southern Distinct Population Segment (DPS) of North 
American green sturgeon (Acipenser medirostris)2 downstream of the United States Army Corps 
of Engineers’ (USACE’s) Englebright Dam.3  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over green sturgeon that could be 
potentially affected in the geographic area included in this study proposal:  1) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 2) United States Department of 
Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NMFS); 3) California Department of Fish and Game (CDFG); and 4) State Water 
Resources Control Board, Division of Water Rights (SWRCB).  Each of these agencies and their 
jurisdiction and management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Federally listed as threatened; including critical habitat designation. 
3  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers, and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to attempt to document the occurrence, temporal, and spatial distribution 
and movement of the North American green sturgeon in the Yuba River downstream of 
Englebright Dam.  The objectives are to identify the availability of habitat for adult holding and 
spawning under variable flow and water temperature regimes.  
 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River is one of the more thoroughly studied rivers in the Central Valley of California.  
The fish community of the lower Yuba River has been studied since the mid-1970s.  The Yuba 
River downstream of Englebright Dam supports a diverse fish community comprised of 
anadromous and non-anadromous, native and introduced fish species (CDFG 1991; Kozlowski 
2004).  Available existing information regarding the North American green sturgeon is presented 
below.  
 
4.1 Existing Information 
 
4.1.1 Listing Status and Critical Habitat Designation 
 
The Southern DPS of the North American green sturgeon was listed as a federally threatened 
species on April 7, 2006 (71 FR 17757) and includes the North American green sturgeon 
population spawning in the Sacramento River and utilizing the Sacramento-San Joaquin River 
Delta, and San Francisco Estuary. NMFS (2009) Draft Environmental Assessment for the 
Proposed Application of Protective Regulations Under Section 4(D) of the Endangered Species 
Act for the Threatened Southern Distinct Population Segment of North American Green Sturgeon 
indicated that the Southern DPS of North American green sturgeon faces several threats to its 
survival including the loss of spawning habitat in the upper Sacramento River, and potentially in 
the Feather and Yuba rivers, due to migration barriers and instream alterations.  
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On October 9, 2009, NMFS (74 FR 52300) designated critical habitat for North American green 
sturgeon, which includes the Sacramento River, lower Feather River, lower Yuba River, the 
Sacramento-San Joaquin River Delta, and San Francisco Estuary (NMFS 2009b).  NMFS (74 FR 
52300) defined specific habitat areas in the Sacramento, Feather, and Yuba rivers in California to 
include riverine habitat from the river mouth upstream, to and including the furthest known site 
of historic and/or current sighting or capture of North American green sturgeon, as long as the 
site is still accessible.  NMFS (74 FR 52300) designated critical habitat in the Yuba River to 
extend from the confluence with the mainstem Feather River upstream to USACE’s Daguerre 
Point Dam.4 
 
4.1.2 Available Information 

Since the 1970s, numerous surveys of the Yuba River downstream of Englebright Dam have 
been conducted including annual salmon carcass surveys, snorkel surveys, beach seining, 
electrofishing, rotary screw trapping, redd surveys, and other monitoring and evaluation 
activities (see Attachment A to Study Plan 7.8 ESA-listed Salmonids Downstream of 
Englebright Dam). Although previous surveys were not specifically designed to address green 
sturgeon, over the many years of these surveys and monitoring of the Yuba River, only one 
confirmed observation of an adult North American green sturgeon has been confirmed prior to 
2011.  Although results are preliminary, in a memorandum dated June 7, 2011 Bergman et. al 
(2011) stated that during May 2011 they observed what they believed were 4 to 5 green sturgeon 
near the center of the channel at the edge of the bubble curtain below Daguerre Point Dam. The 
sturgeon were observed either on a gravel bar approximately 1.5 meters deep, or in a pool 
approximately 4 meters deep immediately adjacent to the gravel bar.  There have been no 
observations of any North American green sturgeon juveniles, larvae or eggs.  Historic anecdotal 
accounts of sturgeon in the Yuba River have been reported by anglers, but these accounts do not 
specify whether the fish were white or green sturgeon (Beamesderfer et al.  2004).   

The NMFS September 2008 Draft Biological Report, Proposed Designation of Critical Habitat 
for the Southern Distinct Population Segment of North American Green Sturgeon (NMFS 2008a) 
states that of the three adult or sub-adult sturgeon observed in the Yuba River below Daguerre 
Point Dam during 2006, only one was confirmed to be a North American green sturgeon. NMFS 
(2008b) additionally states that “Spawning is possible in the river, but has not been confirmed 
and is less likely to occur in the Yuba River than in the Feather River. No green sturgeon 
juveniles, larvae, or eggs have been observed in the lower Yuba River to date.” 

The two confirmed observations of adult North American green sturgeon below Daguerre Point 
Dam indicate infrequent utilization of the Yuba River by North American green sturgeon.  
Although there are fish ladders at Daguerre Point Dam, they were designed for salmonid passage 
and it is believed that adult sturgeon are unable to ascend the structure (CALFED and YCWA 
2005).      

                                                 
4  Daguerre Point Dam was constructed by the California Debris Commission in 1910, is owned, operated and maintained by the 

United States Army Corps of Engineers, and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Green Sturgeon Below Englebright Revised Study Plan August 2011 
Page 4 of 20 ©2011, Yuba County Water Agency 

Information regarding North American green sturgeon distribution, movement and behavioral 
patterns, as well as lifestage-specific habitat utilization preferences is generally lacking 
throughout the rivers in the California Central Valley, including the Yuba River.  Further, limited 
information on North American green sturgeon movement, spawning and timing is available for 
the Sacramento and the Feather rivers.   

North American green sturgeon occasionally range into the Feather River but numbers are low 
and there is no data documenting historical spawning (Beamesderfer et al. 2007).  NMFS 
(2008b) states that the presence of adult, and possibly subadult, North American green sturgeon 
within the lower Feather River has been confirmed by photographs, anglers’ descriptions of fish 
catches (P. Foley, pers. comm. cited in CDFG 2002), incidental sightings (DWR 2005), and 
occasional catches of North American green sturgeon reported by fishing guides (Beamesderfer 
et al. 2004).  Although adult North American green sturgeon occurrence in the Feather River has 
been documented, larval and juvenile North American green sturgeon have not been collected.  
These efforts included attempts to collect larval and juvenile sturgeon during early spring 
through summer using rotary screw traps, artificial substrates, and larval nets deployed at 
multiple locations (Seesholtz 2003).  Moreover, unspecific past reports of North American green 
sturgeon spawning (Wang 1986; USFWS 1995; CDFG 2002) have not been corroborated by 
observations of young fish or significant numbers of adults in focused sampling efforts 
(Schaffter and Kohlhorst 2002; Niggemyer and Duster 2003; Seesholtz 2003; Beamesderfer et al. 
2004).  Based on these results, NMFS (71 FR 17757) concluded that an effective population of 
spawning North American green sturgeon does not exist in the Feather River at the present time.  
However, four fertilized green sturgeon eggs were collected near the Thermalito Afterbay Outlet 
on June 14, 2011, thus providing the first documentation of at least some successful spawning in 
the Feather River (A. Seesholtz, CDWR, pers. comm., June 16, 2011). 

North American green sturgeon in the Sacramento River have been documented and studied 
more widely than in either the Feather or the Yuba rivers.  North American green sturgeon adults 
in the Sacramento River are reported to begin their upstream spawning migrations into 
freshwater during late February, prior to spawning between March and July, with peak spawning 
believed to occur between April and June (Adams et al. 2002). NMFS (2009a) reports that based 
on recent data gathered from acoustically tagged adult North American green sturgeon, they 
migrate upstream during May as far as the mouth of Cow Creek, near Bend Bridge on the 
Sacramento River.  

In the Sacramento River, NMFS (2009a) reports that adult North American green sturgeon prefer 
deep holes (≥ 5 meters depth) at the mouths of tributary streams, where they spawn and rest on 
the bottom. After spawning, the adults hold over in the upper Sacramento River between Red 
Bluff Diversion Dam (RBDD) and Glenn Colusa Irrigation District (GCID) until November 
(Klimley 2007).  Heublein et al. (2006, 2009) reported the presence of adults in the Sacramento 
River during the spring through the fall into the early winter months, holding in upstream 
locations prior to their emigration from the system later in the year.  North American green 
sturgeon downstream migration appears to be triggered by increased flows, decreasing water 
temperatures, and occurs rapidly once initiated (NMFS 2009a).  Some adult North American 
green sturgeon rapidly leave the system following their suspected spawning activity and re-enter 
the ocean in early summer (Heublein et al. 2006).  NMFS (2009a) states that North American 
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green sturgeon larvae and juveniles are routinely observed in rotary screw traps at RBDD and 
GCID, indicating spawning occurs upstream of both these sites.  

To investigate adult immigration, spawning or juvenile nursery habits of North American green 
sturgeon in the upper Sacramento River, Brown (2007) developed a study to identify North 
American green sturgeon spawning locations and dates in the upper Sacramento River. Using a 
depth finder, study sites were selected at locations upstream of deeper holes in higher velocity 
water in the Sacramento River (Brown 2007).  The study was originally designed in 1997 using 
the prevalent methodology at the time (e.g., artificial substrate mats) for the capture of eggs and 
larvae of white sturgeon. Brown (2007) reports that later findings from artificial spawning and 
larval rearing of North American green sturgeon (Van Eenennaam et al. 2001) indicate that 
North American green sturgeon eggs may be less adhesive than eggs from other acipenserids, 
possibly reducing the effectiveness of artificial substrate sampling.  

Brown (2007) suggested that spawning in the Sacramento River may occur from April to June, 
and that the potential spawning period may extend from late April through July as indicated by 
the rotary screw trap data at the RBDD from 1994 to 2000.  

Prior to studies conducted by the University of California at Davis (UC Davis), there were few 
empirical observations of North American green sturgeon movement in the Sacramento River 
(Heublein et al. 2009).  The study by Heublein et al. (2009) is reportedly the first to describe the 
characteristics of the adult North American green sturgeon migration in the Sacramento River, 
and to identify putative regions of spawning habitat, based on the recorded movements of free-
swimming adults. 

Heublein et al. (2009) observed that North American green sturgeon enter San Francisco Bay in 
March and April and migrate rapidly up the Sacramento River to the region between GCID to 
Cow Creek.  The fish lingered at these regions at the apex of their migration for 14–51 days, 
presumably engaged in spawning behavior, before moving back downriver (Heublein et al. 
2009).  

The Sacramento River adjacent to the GCID pumping plant routinely holds a large aggregation 
of North American green sturgeon during summer and fall months, although the GCID 
aggregation site is atypical of oversummering habitats in other systems, being an area of high 
water velocity (Heublein et al. 2009).  The GCID site is over 5 meters deep with structural 
current refuges and eddy formations.  It is possible that North American green sturgeon occupies 
lower-velocity subsections of the site, although observations of North American green sturgeon 
capture, and manual tracking estimates, indicate that North American green sturgeon are found 
in, or in very close proximity to, high velocity areas (Heublein et al. 2009). 

Heublein et al. (2009) stated that in contrast to the behavior of North American green sturgeon 
observed during 2004–2005, the majority of out-migrants detected in 2006 displayed an entirely 
different movement strategy.  Nine of the ten tagged fish detected that year exited the system 
with no extended hold-over period and with no apparent relation to flow increases, eight leaving 
before 4 July and the last on 22 August. Heublein et al. (2009) suggested that the rapid out-
migration of North American green sturgeon in 2006, and the reduced aggregation period at the 
GCID site could be a result of consistently higher flows and lower temperatures than previous 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Green Sturgeon Below Englebright Revised Study Plan August 2011 
Page 6 of 20 ©2011, Yuba County Water Agency 

study years.  Alternatively, this could be an unusual behavior, related to unknown cues, that has 
not been documented in North American green sturgeon prior to this study (Heublein et al. 
2009). 

The apex detections of individual fish indicate reaches and dates when spawning might have 
occurred during the study conducted by Heublein et al. (2009).  They reported that spawning 
may have occurred between May and July, and that high water velocities and extensive bedrock 
habitat were found in all of the apex detection reaches.  Furthermore, water temperatures did not 
exceed 62.6°F (17°C) in these reaches during this study, which would have permitted normal 
North American green sturgeon larval development (Van Eenennaam et al. 2005 as cited in 
Heublein et al. 2009). 

The habitat requirements of North American green sturgeon are not well known.  Eggs are likely 
broadcast and externally fertilized in relatively fast water and probably in depths greater than 3 
meters (Moyle 2002).  Preferred spawning substrate is likely large cobble where eggs settle into 
cracks, but spawning substrate can range from clean sand to bedrock (Moyle 2002).  Water 
temperatures above 68°F (20°C) are reportedly lethal to North American green sturgeon embryos 
(Cech et al. 2000; Beamesderfer and Webb 2002).  

4.1.3   Ongoing Data Collection and Monitoring Activities 

NMFS’ ESA Recovery Program Biennial Report to Congress 2006–2008 (NMFS 2008) 
recommended several key conservation actions for North American green sturgeon including the 
need for ongoing green sturgeon-focused research, including fish passage, genetics studies, and 
acoustic tagging and tracking studies to better understand the distribution and migration of North 
American green sturgeon. 

State and federal resource agencies have partnered with the University of California and others to 
conduct several areas of research related to North American green sturgeon presence, 
distribution and life history requirements in the Central Valley.  As an example, information 
about the biology of the North American green sturgeon were presented at the symposium titled 
‘‘The Green Sturgeon and Its Environment’’ held during the 39th Annual Meeting of the 
California-Nevada Chapter of the American Fisheries Society during 2005 (Klimley et al. 2007).  
Kelly et al. (2007) provided the first fine-scale description of daily North American green 
sturgeon estuarine movements and habitat use.  Several presentations also addressed the use of 
acoustic telemetry, which can be used both to follow the fish directly (Kelly et al. 2007) as they 
move within a region and to automatically monitor long-term and large-scale movements as in 
the studies presented by Benson et al. (2007).  Despite the progress from these studies and other 
work conducted to date, knowledge of the population biology of North American green sturgeon 
remains limited and understanding of the movements and behavior of North American green 
sturgeon is still in its infancy (Klimley et al. 2007).  

4.1.3.1  UC Davis Biotelemetry Laboratory Surveys 

Since 2000, the University of California at Davis (UC Davis) Biotelemetry Laboratory has 
conducted studies to investigate the behavior and physiology of North American green sturgeon 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Green Sturgeon Below Englebright 
 ©2011, Yuba County Water Agency Page 7 of 20 

(UC Davis 2009).  This research is seeking to obtain information that addresses uncertainties 
regarding: 1) the parameters (e.g., temperature, dissolved oxygen, salinity, bathymetry, currents) 
that influence North American green sturgeon movements within the estuary; 2) adult North 
American green sturgeon movement and habitat utilization in the Sacramento River; 3) adult 
North American green sturgeon spawning locations and spawning habitat preferences; 4) 
residence times within the Sacramento River and the estuary; and 5) intervals between spawning 
runs (UC Davis 2009).  The project is comprised of two phases. Phase I was designed to 
elucidate fine scale movements of individual fish within the San Francisco Estuary over periods 
of hours, days, and weeks.  Phase II was designed to focus on large scale movements of fish 
throughout the entire Sacramento River system over periods of months and years. 

In Phase II, North American green sturgeon were surgically implanted with small ultrasonic tags 
(VEMCO V16) from 2004 to 2006.  Tag life was greater than 4 years.  The ultrasonic tags permit 
long-term monitoring of tagged fish with automated listening stations (VEMCO VR2) in both 
salt and fresh water.  These monitors were deployed throughout the Sacramento River system 
and remain in place year-round (UC Davis 2009). 

Phase II field work was initiated in April 2004 and continued through March 2006 (UC Davis 
2009).  A total of 212 North American green sturgeon were captured, of which 96 met the tag-
size criteria and were tagged and released. An array of 50 automated listening stations was 
deployed in the Sacramento River and San Francisco Bay between the Anderson Cottonwood 
Irrigation District (ACID) Dam in Redding, California and the Golden Gate Bridge (UC Davis 
2009).  Monitors were checked and data downloaded at regular intervals. Sixty tagged North 
American green sturgeon have been detected within the monitor array (UC Davis 2009). As of 
2008, the Phase I and II Biotelemetry Laboratory research activities on North American green 
sturgeon movements became inactive (UC Davis 2009), although the monitoring framework 
formed the basis for the larger array now operated by the California Fish Tracking Consortium.   

4.1.3.2  Central Valley Fish Tracking Consortium Surveys 

Since 2006 the Central Valley Fish Tracking Consortium, with funding from several sources 
including the CALFED Bay-Delta Program, NMFS and USACE, has established an array of 150 
ultrasonic tag-detecting monitors that “listen” for tagged anadromous fish throughout the Central 
Valley encompassing the area from just above Battle Creek on the Sacramento River to the 
Golden Gate Bridge, including the Sacramento-San Joaquin Delta (California Fish Tracking 
Consortium 2009). Collaboration between several academic, government and private 
organizations, the Central Valley Fish Tracking Consortium is comprised of UC Davis, 
NMFS/UC Santa Cruz, USACE, USFWS, CDFG, East Bay Municipal Utilities District, Bay 
Planning Coalition and Hanson Environmental (California Fish Tracking Consortium 2009). 

The ultrasonic tags used for this telemetry project are coded beacons, available from VEMCO 
Ltd. of Halifax, Canada (California Fish Tracking Consortium 2009). The receiver in the monitor 
measures the different separation times, decodes the identity of the tag, and places the 
corresponding tag ID along with time and date of detection in the memory of the automated VR2 
monitor (California Fish Tracking Consortium 2009). VEMCO V16 coded tags were inserted 
into the peritoneal (abdominal) cavity of adult North American green sturgeon, a photograph of 
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the fish is taken, its length and mass are measured, and a description of its condition (scales, fin 
and eyes) is recorded before release (California Fish Tracking Consortium 2009). The VEMCO 
acoustic “pinger” tags send a signal (at 69kHz) to underwater monitors.  The signal emitted by 
the tag is a coded transmission that is unique for every tag, and therefore every fish. 

Continuous pinger tags with sensors are used to manually track fish, and also to monitor other 
environmental variables such as temperature and pressure (California Fish Tracking Consortium 
2009). A continuous tag transmits sequential pings with a precise interval or a varying interval 
that is correlated to a physical variable such as temperature or depth (Webber 2009). Using 
continuous ultrasonic tags allows researchers to spend extended periods tracking a study subject 
in order to better characterize the movement patterns and behavior of an individual. Several 
tracks of adult North American green sturgeon (and juvenile steelhead trout) have already been 
conducted in the Central Valley and more tracks are planned (California Fish Tracking 
Consortium 2009). 

Monitors have been deployed in pairs from the City of Sacramento to Cow Creek, a tributary to 
the mainstem Sacramento near Redding, California.  The monitors are offset at least 100 meters 
upstream or downstream of one another and typically placed on opposite banks to ensure that 
fish are detected as they pass by specific locations. The array is downloaded quarterly and the 
data is complied in a centralized database at the NMFS office in Santa Cruz. 

4.1.3.3  CDFG Acoustic Tagging and Tracking Survey 

Utilizing acoustical tags and instream hydrophones, this is a multi-year study to monitor the 
movement patterns of wild juvenile and adult steelhead/rainbow trout in the Yuba River by 
CDFG’s Heritage and Wild Trout and the Steelhead Management and Recovery Programs. 
Fixed-station hydrophone data collection conducted as part of this program also provides the 
opportunity to identify acoustically tagged North American green sturgeon. Monitoring occurs 
on the Yuba River from Englebright Dam to the Yuba River and Feather River confluence 
through the use of acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. 
comm.).  As of February 2009, there were 16 hydrophones located throughout the Yuba River.  
As of July 2011, 7 additional fixed station hydrophones have been added for a total of 23 static 
receiver hydrophones, which operate continuously year-round in the Yuba River.  

Presently, 10 fixed-station hydrophones are located between the mouth of the Yuba River and 
Daguerre Point Dam. CDFG downloads acoustic ping data from the fixed-station hydrophones 
every other month. To download data from the receivers, a receiver is pulled from the river, a 
Bluetooth key is inserted into the unit, and a laptop equipped with Bluetooth capability and the 
VEMCO software is used to download the data (J. Nelson, CDFG, 2009, pers. comm.). Because 
static receivers occasionally create “ghost” acoustic tag numbers (due to ping collisions of two 
transmitters), those will be manually removed by CDFG.  Ping data also will be filtered to 
remove duplicate tag numbers when the tag was detected numerous times during one occasion. 
Raw data files with all ping detections will be saved as a separate file prior to data filtering. 
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4.1.3.4 Lower Yuba River Accord Monitoring and Evaluation Program 

The Yuba Accord M&E Program includes study plans, referred to as Protocols and Procedures, 
which may provide anecdotal information regarding the presence of North American green 
sturgeon in the lower Yuba River, including:   

 Acoustic Tagging and Tracking  
 Snorkel Surveys  
 Redd Surveys  
 Rotary Screw Trapping (discontinued operation in August 2009) 
 
Although none of the aforementioned studies is specifically designed to collect data on green 
sturgeon, any anecdotal observations of North American green sturgeon during the 
implementation of these protocols and procedures (refer to www.yubaaccordrmt.com) will be 
incorporated into the database of information prepared for this study plan.  
 
4.2  Need for Additional Information 
 
Compilation of existing data and analysis of habitat characteristics such as flow and water 
temperature have not been conducted to date.  Such analyses would provide information about 
potential project-related effects on green sturgeon habitat availability.  YCWA will collaborate 
with the Central Valley Fish Tracking Consortium and CDFG’s Heritage and Wild Trout and the 
Steelhead Management and Recovery Programs regarding detection of acoustically tagged North 
American green sturgeon in the Yuba River, as described below in Phase 1 of this study plan.  
All information will be assessed and analyzed in consideration of habitat characteristics such as 
flow and water temperature in Phases 2 and 3 of this study plan.   
 

5.0 Study Methods and Analysis 
 
5.1  Study Area 
 
This study area includes the Yuba River from Englebright Dam downstream to the confluence 
with the Feather River.  This study area encompasses the locations where fixed-station 
hydrophones are presently located throughout the Yuba River, and corresponds to the activities 
to be conducted in Phase 1 of this study plan (as described below).  Phase 2 of this study plan 
will be conducted for that portion of the Yuba River downstream of Daguerre Point Dam 
because: 1) no North American green sturgeon have been observed upstream of Daguerre Point 
Dam (NMFS 2008a); 2) the only confirmed observations of adult North American green 
sturgeon have occurred downstream of Daguerre Point Dam (NMFS 2008a; Bergman et. al 
2011); 3) the area of critical habitat designated by NMFS (2009b) (74 FR 52300) for North 
American green sturgeon is limited to the section of the Yuba River extending from Daguerre 
Point Dam downstream to the mouth; and 4) Daguerre Point Dam most likely acts as a barrier to 
upstream migration.    
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If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the USFWS, NMFS, SWRCB and CDFG to 
provide an opportunity for input regarding how to address the variance.  Licensee will issue 
an e-mail to the Relicensing Contact List advising them of the resolution of the variance.  
Licensee will summarize in the final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3  Methods 
 
This study is comprised of four Phases.  Phase 1 includes a comprehensive review of the recent 
and ongoing data collection efforts to determine whether any North American green sturgeon 
have been observed in the Yuba River other than the confirmed observation of one individual 
during 2006 and more than one individual during 2011.  Phase 1 activities specifically include 
the following steps: 1) compile available information regarding the number and location of 
acoustically tagged North American green sturgeon in collaboration with the University of 
California Davis Biotelemetry Laboratory and the Central Valley Fish Tracking Consortium; 2) 
collaborate with the Central Valley Fish Tracking Consortium to obtain records of detections of 
acoustically tagged North American green sturgeon in the Yuba River; 3) collaborate with the 
CDFG Heritage and Wild Trout Program regarding obtaining records of detections, if any, of 
North American green sturgeon presence and movement in the Yuba River;  and 4) collaborate 
with the Yuba Accord River Management Team (RMT) to review data collected through the 
Yuba Accord M&E Program and report any observations of North American green sturgeon. 
 
Phase 2  specifically includes identification of potential green sturgeon habitat areas from 
Daguerre Point Dam downstream to the confluence with the lower Feather River.  Phases 3 and 4 
include conducting analyses and preparing a report.  
 
5.3.1 Phase 1 – Compile Data from Previous and Ongoing Data Collection 

Activities 

Available data from the University of California Davis Biotelemetry Laboratory Sacramento 
River Green Sturgeon Migration and Population Assessment 2004-2006 activities, and 
subsequently from the California Fish Tracking Consortium Central Valley Acoustic Telemetry 
Project will be gathered and reviewed.  Specifically, available information regarding the number 
and location of acoustically tagged North American green sturgeon will be summarized by 
YCWA.   

Review available data from the University of California Davis Biotelemetry Laboratory 
Sacramento River Green Sturgeon Migration and Population Assessment 2004-2006 activities, 
and subsequently from the California Fish Tracking Consortium Central Valley Acoustic 
Telemetry Project to document the presence, if any, of North American green sturgeon in the 
Yuba River.  If acoustically tagged North American green sturgeon are documented in the Yuba 
River, then available data will be compiled by YCWA reporting the location(s) and time(s) of 
detections.  
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Coordinate with CDFG (The Heritage and Wild Trout and the Steelhead Management and 
Recovery Programs) on acoustic monitoring conducted in the Yuba River to identify if any 
detection of acoustically tagged North American green sturgeon has occurred.  YCWA will 
report the location and time of detections.  If the CDFG Heritage and Wild Trout and the 
Steelhead Management and Recovery Programs do not specifically examine the database in an 
effort to identify acoustically tagged North American green sturgeon detections, then YCWA 
will coordinate with CDFG to examine the database specifically for North American green 
sturgeon detections. If any acoustically tagged North American green sturgeon are detected in 
the Yuba River, then  YCWA will report the dates and locations of detections, as well as flow at 
the most proximate gage station (e.g., USGS gage at Marysville) and water temperature 
(estimated from interpolation between the most proximate upstream and downstream water 
temperature monitoring stations – see study plan 2.5).   

Data from the Yuba Accord River Management Team will be assimilated and reviewed.  
Specifically, any anecdotal observations of green sturgeon during the implementation of the 
Yuba Accord M&E Program acoustic tagging and tracking, snorkel surveys, redd surveys, and 
rotary screw trapping (RST) (refer to www.yubaaccordrmt.com) will be reported for this study 
plan.  

Although population estimates for North American green sturgeon are not available within the 
Sacramento River System, it is likely that a relatively small percentage of the total population 
has been acoustically tagged.  The two detections (2006 and 2011) of North American green 
sturgeon in the Yuba River may represent random migratory behavior such as opportunistic 
foraging, or  may be indicative of selective habitat occupancy and utilization. Therefore, YCWA 
assumes that green sturgeon may regularly utilize this portion of the river, including spawning in 
addition to adult holding.  In the October 9, 2009 final ruling for green sturgeon critical habitat 
designation, NMFS (2009b) (74 FR 52300) states “We recognize that spawning has not been 
confirmed in the lower Yuba River downstream of Daguerre Dam and have revised the final rule 
accordingly. However, the CHRT determined that the lower Yuba River likely provides spawning 
habitat for Southern DPS green sturgeon.” Additionally, YCWA will continue to maintain 
communications with ongoing telemetry surveys, in case those efforts identify ongoing use of the 
lower Yuba River by green sturgeon. 

Given the assumption that green sturgeon may utilize the Yuba River for adult holding and 
spawning, the next step of the methodologic procedure is to initially identify potential habitat 
areas downstream of Daguerre Point Dam to the mouth of the Yuba River.  

5.3.2  Phase 2 - Document Potential Habitat Areas 

The available information for North American green sturgeon in the Sacramento River system 
suggest that if North American green sturgeon were to be found in the Yuba River, they would 
have the greatest potential to be observed in deepwater habitats downstream of Daguerre Point 
Dam.    

NMFS identified a unique specific Primary Constituent Element (PCE) essential for the 
conservation of the Southern DPS of North American green sturgeon in the document titled 
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Designation of Critical Habitat for the Threatened Southern Distinct Population Segment of 
North American Green Sturgeon - Final Biological Report (NMFS 2009c). According to NMFS 
(2009c), deep (≥ 5 m or 16.4 feet) holding pools are required for both upstream and downstream 
holding of adult or subadult green sturgeon, and deep pools of ≥ 5 meters (16.4 feet) deep are 
critical for adult green sturgeon spawning and for summer holding within the Sacramento River.  
Moyle (2002) suggests that North American green sturgeon probably spawn in depths greater 
than 3 meters.  

Because the lower Yuba River is smaller than the Sacramento River or other rivers citing a depth 
criterion of > 5 meters (16.4 feet), use of that criterion may be overly restrictive and not account 
for local opportunistic habitat utilization by green sturgeon.  Therefore, to provide a more 
rigorous and inclusive identification of potential green sturgeon habitat areas, all pools located 
downstream of Daguerre Point Dam characterized by water depths of > 10.0 feet will be 
identified by application of a SRH2D 2-dimensional model. Deepwater habitats will be identified 
on ArcGIS maps of the Yuba River from Daguerre Point Dam to the confluence with the Feather 
River.  Polygons will be constructed of deepwater habitats equal to or greater than 10 feet in 
depth in the Yuba River from Daguerre Point Dam to the mouth at a nominal flow of 530 cfs at 
the Marysville gage, which is the highest minimum instream flow requirement during March 
corresponding to the Yuba Accord flow schedules.  This nominal flow was selected because as 
previously described, North American green sturgeon adults in the Sacramento River are 
reported to begin their upstream spawning migrations into freshwater during late February, prior 
to spawning between March and July.    Deepwater habitat polygons, with a minimum internodal 
spacing of 5 feet, will be developed by YCWA in collaboration with, and using data obtained by 
the Yuba Accord RMT in support of the M&E Program, through application of the digital 
elevation model and the SRH-2D 2-dimensional hydrodynamic model.  

5.3.3  Phase 3 – Conduct Analyses 

The analyses are comprised of assessing deepwater habitat availability and water temperature 
suitability for green sturgeon in the Yuba River, described below. 

5.3.3.1  Deepwater Habitat Availability 

For all pools identified by application of a SRH2D 2-dimensional model located below Daguerre 
Point Dam greater than 10.0 feet deep at the nominal flow of 530 cfs at the Marysville Gage, the 
average change in depth associated with change in discharge will be calculated over the range of 
flows corresponding to the hydrologic period of evaluation.  This calculation will be conducted 
to determine change in depth at green sturgeon habitat areas potentially affected by the Project. 

In addition to water depth, the relationship between areal extent (ft2) of green sturgeon habitat 
areas and flow will be assessed.  The area (acres) of available deepwater habitat polygons from 
Daguerre Point Dam to the mouth of the Yuba River that are equal to or greater than 10 feet in 
depth will be calculated in ArcGIS, derived by differencing between the digital elevation model 
and the SRH-2D 2-dimensional hydrodynamic model results. A relationship between the areas of 
deepwater habitat available and flows will be developed over the range of flows corresponding to 
the hydrologic period of evaluation.  
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The amount of deepwater habitat available in the Yuba River downstream of Daguerre Point 
Dam to the mouth will be examined by conducting a deepwater habitat duration analysis.  The 
duration analysis will integrate estimates of deepwater habitat availability with hydrology over 
time (see Study Plan 2.5 Water Balance Operations Model) to provide a dynamic analysis of 
flow versus deepwater habitat availability. 

The deepwater habitat duration curve will be constructed in the same manner as a flow duration 
curve, but will use estimates of deepwater habitat availability instead of flows as the ordered 
data. The product of the deepwater habitat duration analysis will be a record of mean daily 
deepwater habitat availability (acres), presented as an exceedance curve, over the hydrologic 
period of evaluation. The duration analysis will generate deepwater habitat availability duration 
metrics and calculate the differences between the existing operational scenario (including the 
Yuba Accord flow schedules) and other comparative scenarios based on a mean daily time step.   

The approach will be characterized and reviewed with the Relicensing Participants.  YCWA will 
review hydrodynamic model development, calibration and validation, and confirm all deepwater 
habitat availability duration analysis input parameters, extrapolation considerations, scenario 
assumptions, and desired output in collaboration with Relicensing Participants. 
 
5.3.3.2  Water Temperature Suitability 

Technical evaluation guidelines will be developed to assess potential effects of Project 
operations on North American green sturgeon water temperature suitability. Specifically, North 
American green sturgeon lifestage periodicities will be explicitly defined, and lifestage-specific 
water temperature index values will be derived from a comprehensive literature review.  Steps in 
this process will include: 1) clearly defining the periodicities of North American green sturgeon 
lifestages; 2) providing rationale for each lifestage definition and/or combination of lifestages, 
and their periodicities; 3) interpreting the literature on the effects of water temperature on the 
various lifestages of North American green sturgeon; 4) identifying water temperature suitability 
index values to be used as guidelines for effects assessment; 5) developing water temperature 
exceedance curves corresponding to specific lifestage periodicities using the water temperature 
model (see Study Plan 2.6 – Water Temperature Model); and 6) comparing water temperature 
exceedance curves with North American green sturgeon water temperature suitability index 
values over the hydrologic period of evaluation between the existing operational scenario 
(including the Yuba Accord flow schedules) and other comparative scenarios based on a mean 
daily time step.   

5.3.4  Phase 4 - Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study, if any.  The report will contain relevant summary tables and graphs.  The 
report will include the following: 1) data and information compiled during Phase 1; 2) data, 
information and ArcGIS maps developed in Phase 2; and 3) analyses of Phase 1 and Phase 2 
results.   
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6.0  Study-Specific Consultation 

As FERC’s non-federal representative, YCWA will informally consult with NMFS under section 
7 of the federal ESA.  In addition, the following are specific areas for which YCWA will consult 
with the Relicensing Participants, or other entities: 
 
Phase 1 - Compile Data from Previous and Ongoing Data Collection Activities 

 YCWA will compile available information regarding the number and location of acoustically 
tagged North American green sturgeon after contacting the University of California Davis 
Biotelemetry Laboratory and the Central Valley Fish Tracking Consortium 

 YCWA will contact the Central Valley Fish Tracking Consortium to obtain any detections of 
acoustically tagged North American green sturgeon in the Yuba River 

 YCWA will contact the CDFG Heritage and Wild Trout Program regarding obtaining 
detections, if any, of North American green sturgeon presence and movement in the Yuba 
River 

 YCWA will consult with the Yuba Accord RMT to review data collected through the Yuba 
Accord M&E Program and report any observations of North American green sturgeon. 

 YCWA will convene a collaborative meeting with Relicensing Participants including CDFG, 
USFWS, and NMFS, to share information that has been compiled during Phase 1. 

 
Phase 2 – Document Potential Habitat Areas 
 
 YCWA will contact the Yuba Accord RMT to obtain data obtained by the RMT in support of 

the M&E Program, for the application of the digital elevation model and the SRH-2D 2-
dimensional hydrodynamic model. 

 
Phase 3 – Conduct Analyses 
 
 The analytical approach will be characterized and reviewed in consultation with the 

Relicensing Participants.  YCWA will review hydrodynamic model development, calibration 
and validation, and confirm all deepwater habitat availability duration analysis input 
parameters, extrapolation considerations, scenario assumptions, and desired output in 
consultation with Relicensing Participants. 

 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows, assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
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Compile Data from Previous Studies (Phase 1) ............................................... January - April 2012 
Document Potential Habitat Areas (Phase 2) .................................................................... May 2012 
Analysis (Phase 3)................................................................................................... June - July 2012 
Prepare Report (Phase 4) .......................................................................... August - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methods presented in this study plan also are consistent with other generally accepted 
scientific study methods concerning sonar and acoustic tagging studies, including those 
conducted by NMFS, CDFG, USFS and the California Fish Tracking Consortium in California. 
Integration of lower Yuba River acoustic tracking data into the Central Valley acoustic telemetry 
database is consistent with the overall goals and objectives of the California Fish Tracking 
Consortium, and will promote inter-agency collaboration.  Additionally, the specified flow and 
water temperature effects evaluations using exceedance probabilities and durations would be 
consistent with previously conducted evaluations for other regulatory compliance documents in 
the Central Valley of California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $100,000 and 
$135,000. 
 

10.0 References Cited 
 

Adams, P. B., C. B. Grimes, S. T. Lindley, and M. L. Moser. 2002. Status Review for North 
American green sturgeon, Acipenser medirostris. NOAA, National Marine Fisheries 
Service, Southwest Fisheries Science Center, Santa Cruz, CA. 50 p. 

Beamesderfer, R., M. A. H. Webb. 2002. Green Sturgeon Status Review Information. Report by 
S. P. Cramer and Associates to State Water Contractors, Sacramento, CA.  

_____., Simpson, G. Kopp, J. Inman, A. Fuller, and D. Demko. 2004. Historical and Current 
Information on Green Sturgeon Occurrence in the Sacramento and San Joaquin Rivers 
and Tributaries. S.P. Cramer & Associates, Inc. 44 p. 

_____., M.L. Simpson, G. J. Kopp 2007. Use of Life History Information in a Population Model 
for Sacramento Green Sturgeon. Environmental Biology of Fishes 79:315-337. DOI 
10.1007/s10641-006-9145-x. 

Benson, R. L., S. Turo, and B. W. J. McCovey. 2007. Migration and Movement Patterns of 
Green Sturgeon (Acipenser medirostris) in the Klamath and Trinity Rivers, California, 
USA. Environmental Biology of Fishes 79: 269-279. 

Bergman, P., J. Merz, and B. Rook. 2011. Memo: Green Sturgeon Observations at Daguerre 
Point Dam, Yuba River, CA. (Study conducted and memo prepared by Cramer Fish 
Sciences for U.S. Fish and Wildlife Service.) FWS Grant Number 813329G011. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Green Sturgeon Below Englebright 
 ©2011, Yuba County Water Agency Page 17 of 20 

Brown, K. 2007. Evidence of Spawning by Green Sturgeon, Acipenser medirostris, in the Upper 
Sacramento River, California. Environ Biol Fish 79:297–303. DOI  10.1007/s10641-006-
9085-5. 

California Department of Fish and Game (CDFG). 2002. California Department of Fish and 
Game Comments to NMFS Regarding Green Sturgeon Listing. California Department of 
Fish and Game. 79 pp (Plus Appendices). 

California Department of Water Resources (DWR). 2005. California Water Plan Update 2005. 
Department of Water Resources Bulletin 160-05. 

CALFED and Yuba County Water Agency (YCWA). 2005. Draft Implementation Plan for the 
Lower Yuba River Anadromous Fish Habitat Restoration: Multi-Agency Plan to Direct 
Near-Term Implementation of Prioritized Restoration and Enhancement Actions and 
Studies to Achieve Long-Term Ecosystem and Watershed Management Goals. Prepared 
by Lower Yuba River Fisheries Technical Working Group. Funded by CALFED and 
Yuba County Water Agency. October 2005. 

California Fish Tracking Consortium.  2009. URL = 
http://californiafishtracking.ucdavis.edu/default.shtml  

Cech, J. J., S. I. Dorshov, G. P. Moberg, B. P. May, R. G. Schaffter, D. M. Kohlhorst. 2000. 
Biological Assessment of Green Sturgeon in the Sacramento-San Joaquin Watershed 
(Phase 1). Final Report to Calfed Bay-Delta Program (Project 98-C-15, Contract B-
81738).  

Heublein, J.C. 2006. Migration of Green Sturgeon Acipenser medirostris in the Sacramento 
River. Master of Science Thesis. California State University, San Francisco. October 
2006. 63 pages. 

_____.J. T. Kelly, C. E. Crocker, A. P. Klimley, and S. T. Lindley. 2009. Migration of Green 
Sturgeon, Acipenser medirostris, in the Sacramento River. Environ Biol Fish (2009) 
84:245–258. DOI 10.1007/s10641-008-9432-9. 

Kendall, W. L. and J. D. Nichols. 2002. Estimating State-transition Probabilities for 
Unobservable States Using Capture-Recapture/Resighting Data. Ecology 83:3276-3284. 

Klimley, P., P. J. Allen, J. A. Israel and J.T. Kelly. 2007. The Green Sturgeon and its 
Environment: Past, Present, and Future. Environmental Biology of Fishes 79:3-4, 415-
421. 

Moyle, P. B. 2002. Inland Fishes of California, 2nd Edition. University of California Press, 
Berkeley and Los Angeles, CA. 502 pp. 

National Marine Fisheries Service (NMFS). 2008. Biennial Report to Congress on the Recovery 
Program for Threatened and Endangered Species October 1, 2006 – September 30, 2008.  
Prepared by the Office of Protected Resources National Marine Fisheries Service 
National Oceanic and Atmospheric Administration. U.S. Department of Commerce. 

_____. 2008a. Draft Biological Report for the Proposed Designation of Critical Habitat for the 
Southern Distinct Population Segment of North American Green Sturgeon. September 
2008. 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Green Sturgeon Below Englebright Revised Study Plan August 2011 
Page 18 of 20 ©2011, Yuba County Water Agency 

_____. 2009. Draft Environmental Assessment for the Proposed Application of Protective 
Regulations Under Section 4(D) of the Endangered Species Act for the Threatened 
Southern Distinct Population Segment of North American Green Sturgeon. Prepared by 
the Department of Commerce National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service, Southwest Region. Long Beach, California. May 
2009. 

_____. 2009a. Biological Opinion and Conference Opinion on the Long-term Operations of the 
Central Valley Project and State Water Project.  

_____.  2009b. Endangered and Threatened Wildlife and Plants: Final Rulemaking To Designate 
Critical Habitat for the Threatened Southern Distinct Population Segment of North 
American Green Sturgeon; Final Rule. URL = http://www.nmfs.noaa.gov/pr/pdfs/fr/fr74-
52300.pdf.     

_____. 2009c. Designation of Critical Habitat for the Threatened Southern Distinct Population 
Segment of North American Green Sturgeon. Final Biological Report. October 2009. 

Niggemyer, A. and T. Duster. 2003. Final Assessment of Potential Sturgeon Passage 
Impediments SP-F3.2 Task 3A. Oroville Facilities Relicensing FERC Project No. 2100. 
Surface Water Resources, Inc. Sacramento, CA. pp 27. 
http://orovillerelicensing.water.ca.gov/pdf_docs/09-24-03_env_att_11.pdf. 

Schaffter, R. G., and D. W. Kohlorst. 2002. Determination of Green Sturgeon Spawning Habitats 
and their Environmental Conditions. California Department of Fish and Game. In 
Biological Assessment of Green Sturgeon in the Sacramento-San Joaquin Watershed 
(Phase 1). Final Report to the CALFED Bay-Delta Program.  

Seesholtz, A. 2003. Final Assessment of Sturgeon Distribution and Habitat Use SP-F3.2 Task 
3A. Oroville Facilities Relicensing FERC Project No. 2100. State of California, The 
Resources Agency, Department of Water Resources. pp 26. 
http://orovillerelicensing.water.ca.gov/pdf_docs/12-17-03_en-v_att_11.pdf. 

United States Fish and Wildlife Service (USFWS). 1995. Working Paper on Restoration Needs: 
Habitat Restoration Actions to Double Natural Production of Anadromous Fish in the 
Central Valley of California. Volume 2. May 9, 1995. Prepared for the U.S. Fish and 
Wildlife Service Under the Direction of the Anadromous Fish Restoration Program Core 
Group. Stockton, California. 293 p. 

University of California, Davis (UC Davis). 2009. Department of Wildlife, Fish & Conservation 
Biology Biotelemetry Laboratory. URL = 
http://biotelemetry.ucdavis.edu/pages/greensturgeon.html  

Van Eenennaam, J. P., MAH Webb, X. Deng, S.I. Doroshov, R.B. Mayfield, J.J. Cech, D.C. 
Hillemeier, T.E. Willson. 2001. Artificial Spawning and Larval Rearing of Klamath 
River Green Sturgeon. Transactions of the American Fisheries Society 130: 159-165. 

_____. J. Linares-Casenave, X. Deng, and S. I. Doroshov. 2005. Effect of Incubation 
Temperature on Green Sturgeon Embryos, Acipenser medirostris. Environmental Biology 
of Fishes 72:145-154. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Green Sturgeon Below Englebright 
 ©2011, Yuba County Water Agency Page 19 of 20 

_____. J. Linares, S. I. Doroshov, D. C. Hillemeier, T. E. Willson, and A. A. Nova. 2006. 
Reproductive Conditions of the Klamath River Green Sturgeon. Transactions of the 
American Fisheries Society 135:151-163. 

Wang, J. C. 1986. Fishes of the Sacramento-San Joaquin Estuary and Adjacent Waters, 
California: A Guide to the Early Life Histories. Interagency Ecological Study Program 
for the Sacramento-San Joaquin Estuary, Technical Report 9. 

Webber, D. 2009. VEMCO Acoustic Telemetry New User Guide. URL = 
http://www.vemco.com/pdf/acoustic_telemetry.pdf  

Yuba County Water Agency (YCWA), California Department of Water Resources (DWR) and 
Bureau of Reclamation (Reclamation). 2007. Draft Environmental Impact 
Report/Environmental Impact Statement for the Proposed Lower Yuba River Accord. 
Prepared by HDR|Surface Water Resources, Inc., June 2007. Yuba County Water Agency 
(YCWA).  2010.  Yuba River Development Project Relicensing Pre-Application 
Document.  Yuba County Water Agency, Marysville, CA.  http://www.ycwa-
relicensing.com. 

 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Green Sturgeon Below Englebright Revised Study Plan August 2011 
Page 20 of 20 ©2011, Yuba County Water Agency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page Left Blank 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Instream Flow Below Englebright Dam  
 ©2011, Yuba County Water Agency Page 1 of 10 

Study 7.10 

INSTREAM FLOW  
DOWNSTREAM OF ENGLEBRIGHT DAM1 

August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
Chinook salmon (Oncorhynchus tshawytscha) and steelhead (O. mykiss)2 habitat in the Yuba 
River downstream of the United States Army Corps of Engineers’ (USACE) Englebright Dam.3     
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies may have jurisdiction over Chinook salmon and 
steelhead/rainbow trout that could be potentially affected in the geographic area included in this 
study proposal:  1) United States Department of Interior, Fish and Wildlife Service (USFWS); 2) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s goals and objectives are described by USFWS on pages 1 through 3 of USFWS’s 
March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-Application 
Document, or PAD (YCWA 2010).  USFWS’s goals and objectives are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  This information is not repeated here.      

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Regarding O. mykiss, the physical appearance of adults and the presence of seasonal runs and year-round residents indicate that 
both sea-run (steelhead) and resident rainbow trout exist in the Yuba River downstream of USACE’s Englebright Dam.  Thus, 
it is recognized that both anadromous and resident lifehistory strategies of O. mykiss have been and continue to be present in 
the river, resulting in the use of the term “steelhead/rainbow trout” when referring to O. mykiss in this study proposal. 

3  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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CDFG 
CDFG’s statutory authorities are described by CDFG on page 1 of CDFG’s March 2, 2011 letter 
to FERC providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 
of CDFG’s letter, is to preserve, protect, and as needed, to restore habitat necessary to support 
native fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
3.1  Historic Instream Flow Studies 
 
Historically, three instream flow studies have been performed in the Yuba River downstream of 
Englebright Dam, each of which is discussed below. 
 
3.1.1  Beak 1989 
 
Between 1986 and 1988, CDFG and its contractor (Beak 1989) conducted a one-dimensional 
(1D) PHABSIM instream flow study that divided the river into four reaches: 1) the Narrows 
Reach extending  from Englebright Dam approximately 2.2 miles downstream to the terminus of 
The Narrows; 2) the Garcia Gravel Pit Reach extending 10.7 miles from The Narrows to the 
Daguerre Point Dam; 3) the Daguerre Point Dam Reach extending 7.8 miles to the upstream 
terminus of the Feather River backwater; and 4) the Simpson Lane Reach extending 3.5 miles 
from the upstream terminus of the Feather River backwater to the confluence of the Yuba and 
Feather rivers.   
 
The Beak study used the Instream Flow Incremental Methodology (IFIM) using computer 
models IFG4 and HABTAT from the Physical Habitat Simulation (PHABSIM) system as 
developed by the United States Department of Interior, Fish and Wildlife Service (USFWS) 
Instream Flow and Aquatic Systems Group.  The total range of flows simulated using PHABSIM 
for the study reaches were: 100 to 2,500 cfs for The Narrows and Garcia Gravel Pit study 
reaches, and 50 to 2,500 cfs for the Daguerre Point Dam and Simpson Lane study reaches. 
 
The target species for Beak’s study was fall-run Chinook salmon and included the fry, juvenile, 
and spawning lifestages.  A total of 31 transects was placed on habitat types such that selected 
transects represented the range and proportion of habitat types occurring in the study area.  Six to 
nine transects were selected in each of the four reaches.  Beak developed site-specific Habitat 
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Suitability Criteria (HSC) for the spawning, juvenile, and fry lifestages and used the non-
parametric tolerance limit method to create the HSC curves.   
 
Weighted Useable Area (WUA) results showed that the greatest amount of WUA for spawning 
in the lower Yuba River occurred at about 600 to 700 cfs.  Total WUA for this life stage varied 
among reaches, with the Garcia Gravel Pit Reach providing the most WUA at 700 cfs, followed 
by Daguerre Point Dam at 500 cfs, Simpson Lane at 700 cfs, and with little habitat provided by 
The Narrows Reach at any flow.    
 
Total WUA for juveniles was highest in the Daguerre Point Dam and Garcia Gravel Pit reaches 
at 200 and 150 cfs, respectively. The Simpson Lane Reach contributed a small amount of WUA, 
while The Narrows Reach provided virtually no juvenile habitat.   
 
Chinook salmon fry total WUA in each reach was highest at 100 cfs, except in The Narrows 
where WUA peaked at 300 cfs.  
 
The Beak/CDFG report was widely accepted, and was utilized in the development of the current 
flow standards for the lower Yuba River (the Yuba Accord, as adopted by the State Water 
Resources Control Board in 2008). 
 
3.1.2  Gard 2010a 
 
Two more historic instream flow studies were performed by the USFWS (Gard 2010a and 
2010b).  Gard’s 2010a study focused on flow-habitat relationships for spring and fall-run 
Chinook salmon and steelhead/rainbow trout spawning.  Gard’s 2010b study focused on flow-
habitat relationships for spring and fall-run Chinook salmon and steelhead/rainbow trout rearing. 
 
In the 2010a study, flow-habitat relationships were developed for spring and fall-run Chinook 
salmon and steelhead/rainbow trout spawning in the Yuba River between Englebright Dam and 
the Feather River.  A 2-dimensional (2D) hydraulic and habitat model (RIVER2D) was used to 
model available habitat.  Habitat was modeled for five sites upstream of Daguerre Point Dam and 
five sites downstream of Daguerre Point Dam.  These reaches were among those receiving 
heaviest use by spawning spring-run and fall-run Chinook salmon and steelhead/rainbow trout 
(Gard 2010a).  For each site RIVER2D was used to simulate hydraulic characteristics for 30 
simulation flows.    
 
HSC were developed from depth, velocity, and substrate measurements collected on 168 spring-
run Chinook salmon redds, 870 fall-run Chinook salmon redds, and 184 steelhead/rainbow trout 
redds.  Logistic regression was used to develop the depth and velocity HSC.  Substrate HSC 
were developed based on the relative frequency of redds with different substrate codes (Gard 
2010a). 
 
According to Gard (2010a), the range of Yuba River flows studied was 150 cfs downstream of 
Daguerre Point Dam (the lowest flow in the Yuba River Accord) and 400 cfs upstream of 
Daguerre Point Dam (the current State Water Resources Control Board minimum flow) to 4,170 
cfs (the combined capacity of Narrows 1 and 2). 
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Flows with the most amount of spawning habitat ranged from 900 cfs for spring-run Chinook 
salmon downstream of Daguerre Point Dam to 3,700 cfs for steelhead/rainbow trout downstream 
of Daguerre Point Dam (Gard 2010a) 
 
Draft versions of the Gard 2010a report received extensive comments from peer reviewers and 
various stakeholders; it is not clear that the final report addressed all of the comments received to 
the satisfaction of commentors. 
 
3.1.3  Gard 2010b 
 
In the 2010b Gard study, flow-habitat relationships for spring and fall-run Chinook salmon and 
steelhead/rainbow trout rearing were developed for the Yuba River between Englebright Dam 
and the Feather River.  A 2-dimensional hydraulic and habitat model (RIVER2D) was used to 
model available habitat.  Habitat was modeled for eight sites above Daguerre Point Dam and ten 
sites below Daguerre Point Dam which were representative of the mesohabitat types available in 
the two segments for fall/spring-run Chinook salmon and steelhead/rainbow trout fry and 
juvenile rearing (Gard 2010b).  For each site RIVER2D was used to simulate hydraulic 
characteristics for 30 simulation flows.    
 
Habitat suitability criteria (HSC) were developed from depth, velocity, adjacent velocity and 
cover measurements collected at the locations of 178 fall/spring-Chinook salmon fry, 39 
fall/spring-Chinook salmon juvenile, 195 steelhead/rainbow trout fry and 74 steelhead/rainbow 
trout juvenile observations (Gard 2010b). 
 
The peaks of the flow habitat relationship curves developed in this study were as follows.  In the 
Above Daguerre Segment, the 2-D model predicted the highest total WUA for fall/spring-run 
Chinook salmon fry at 4,300 cfs and for fall/spring-run Chinook salmon juveniles at 1,300 cfs.  
In the Above Daguerre Segment, the 2-D model predicted the highest total WUA for 
steelhead/rainbow trout fry at 400 cfs and for steelhead/rainbow trout juveniles at 1,000 cfs. In 
the Below Daguerre Segment, the 2-D model predicted the highest total WUA for fall/spring-run 
Chinook salmon fry rearing at 4,500 cfs and for fall/spring-run Chinook salmon juvenile rearing 
at 2,000 cfs.  In the Below Daguerre Segment, the 2-D model predicted the highest total WUA 
for steelhead/rainbow trout fry rearing at 500 cfs and for steelhead/rainbow trout juvenile rearing 
at 2,000 cfs (Gard 2010b). 
 
Draft versions of the Gard 2010b report received extensive comments from peer reviewers and 
various stakeholders; it is not clear that the final report addressed all of the comments received to 
the satisfaction of commentors. 
 
3.2  Other Relevant Information 
 
YCWA believes that the historic instream flow studies can be improved on by using information 
currently being developed by the Yuba Accord River Management Team (RMT).  In particular, 
YCWA believes that, when completed and after review by Relicensing Participants, the 
hydraulic model being developed by the RMT can be a robust model on which to develop habitat 
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versus flow relationships for Chinook salmon and steelhead/rainbow trout in the lower Yuba 
River.   
 
As a summary, the geographic scope of the RMT model is from Englebright Dam downstream to 
the confluence with the Feather River.   Five distinct reaches are being modeled: 1) the 
Englebright Reach; 2) the Timbuctoo Reach; 3) the Hammond Ranch Reach; 4) the Daguerre 
Reach; and 5) the Feather Reach.  The model does not utilize representative reaches or transects; 
rather, the distinct reaches being modeled can be processed sequentially to produce essentially a 
single continuous map and model of the entire Lower Yuba River. 
 
The RMT model uses as a platform SRH-2D to simulate hydraulics in each reach.  SRH-2D uses 
a flexible mesh that may contain arbitrarily shaped cells. A hybrid mesh may achieve the best 
compromise between solution accuracy and computing demand.  SRH-2D adopts very robust 
and stable numerical schemes with a seamless wetting-drying algorithm.  The resultant outcome 
is that few tuning parameters are needed to calibrate the model.4  
 
SRH-2D features include: 1) 2D depth-averaged dynamic wave equations (i.e., standard St. 
Venant equations) are solved with the finite-volume numerical method; 2) steady state with 
constant discharge, or unsteady flows with flow hydrograph may be simulated; 3) an implicit 
scheme is used for time integration to achieve solution robustness and efficiency; 4) an 
unstructured mesh is used, which includes the structured quadrilateral mesh, the purely triangular 
mesh, a combination of the two, or a Cartesian or raster mesh; 5) all flow regimes (i.e., 
subcritical, transcritical, and supercritical flows) may be simulated simultaneously without the 
need for special treatments; 6) robust and seamless wetting-drying algorithm; and 7) solved 
variables include water surface elevation, water depth, and depth-averaged velocity. 
 
The RMT model is just now being completed, with a draft report due to be completed soon.  
Various peer-reviewed papers relevant to the development and application of the model to 
various geomorphologic questions are in press or published. 
 
Other recently developed information and information currently being developed by the RMT 
that would be useful in developing up-to-date habitat versus flow relationships for Chinook 
salmon and steelhead/rainbow trout in the Yuba River downstream of Englebright Dam include: 
 
 Topographic and geologic maps, including a  digital elevation model (DEM) of the  Yuba 

River downstream of USACE’s Englebright Dam (M&E Program 2010)5   

 Hydrologic modeling and statistics for the Yuba River (YCWA 2007)  

 Operations procedures for Project facilities (YCWA 2009)  

 Low-altitude aerial video of the Yuba River (YCWA 2009)   

                                                 
4 SRH-2D was evolved from SRH-W which had the additional capability of watershed runoff modeling.  Many features are 

improved from SRH-W.  As described by the USBR Technical Service Center, Sedimentation and River Hydraulics Group 
website: http://www.usbr.gov/pmts/sediment/model/srh2d/index.html). 

5  M&E Program documents and work products are located at the River Management Team web site, www.yubaaccordrmt.com. 
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 Spatial and temporal abundance and distribution of steelhead/rainbow trout and Chinook 
salmon adult spawning (M&E Program 2010) 

 Spring-run and fall-run Chinook salmon and steelhead/rainbow trout redd observations in the 
Yuba River by the RMT (M&E Program 2010) 

 Hydrologic water balance/operations model of the Yuba River (Relicensing Study Proposal 
2.2)  

 Water temperature simulation model of the Yuba River (Relicensing Study Proposal 2.6) 

 Substrate and cover classification maps of the Yuba River downstream of USACE’s 
Englebright Dam to characterize microhabitat and mesohabitat conditions (M&E Program).  

 Mesohabitat classification map of the Yuba River (M&E Program) 

 Chinook salmon and steelhead redd observations in the Yuba River by the RMT using RMT 
M&E Program protocols 

 Spring/fall-run Chinook salmon and steelhead fry and juvenile rearing observations in the 
Yuba River by the RMT using RMT M&E Program protocolsSpatial and temporal 
distributions of steelhead, spring-run and fall-run Chinook salmon in the Yuba River by the 
RMT (M&E Program). 

 

4.0 Study Goals and Objectives 
 
The goal of the study is to evaluate Chinook salmon and steelhead habitat as a function of flow 
in the Yuba River downstream of the Englebright Dam.   
 
The objectives of the study include: 1) estimate the habitat index versus flow relationships 
(Weighted Usable Area, or WUA) using hydraulic and habitat models for Chinook salmon and 
steelhead in the Yuba River downstream of Englebright Dam; and 2) use WUA versus flow 
relationships and the hydrologic record to develop a habitat duration analysis of fish habitat over 
time under the existing operational scenario (i.e., Yuba Accord flow schedules).  The model 
would be a useful tool in assessing alternative flow scenarios and their effect on habitat, but such 
runs would occur later in relicensing and are not part of this study. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from Englebright Dam to 
the Marysville gage.  The section of the river below the Marysville gage is not included in the 
study because backwatering effects from the Feather River prohibit reliable hydraulic modeling.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone USFWS, NMFS, SWRCB and CDFG to provide 
an opportunity for input regarding how to address the variance.  Licensee will issue an e-mail 
to the Relicensing Contact List advising them of the resolution of the variance.  Licensee will 
summarize in the final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee agrees to or is 
responsible in whole or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.6 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 

                                                 
6 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) moving between basins (e.g., Middle Yuba River, Yuba 
River, and North Yuba River); and 3) moving between isolated wetlands or ponds and river 
or stream environments. 

 
5.3 Study Methods7 
 
As currently conceived, the study would be performed in four steps, each of which is discussed 
below. 
 
5.3.1  Step 1 – Hold Workshops to Review Existing Information and RMT Model 
 
In the first step, YCWA will hold one or more workshops with interested Relicensing 
Participants to: 1) review existing information relevant to the development of WUA versus flow 
relationships for Chinook salmon and steelhead in the lower Yuba River; and 2) review the RMT 
SRH-2D model with the goal of coming to agreement on its usefulness as the hydraulic model 
for developing WUA.  During the workshops, YCWA will present details of the model, discuss 
its strengths and weaknesses relative to other hydraulic models (as utilized in previous instream 
flow studies), and identify if any additional data collection or model modifications are needed for 
use in the study.  
 
5.3.2  Step 2 – Agree on Target Species and Life Stages, and HSCs 
 
In the second step, YCWA will hold one or more workshops with interested Relicensing 
Participants to agree on: 1) target species and life stages; 2) life history periodicity for these 
species and life stages; and 3) appropriate HSCs for each target species and life stage.  At the 
current time, YCWA believes the target species will be Chinook salmon and steelhead/rainbow 
trout, and that HSCs currently available (e.g., those recently agreed to for the Tuolumne River, or 
previously developed for the lower Yuba River) will be used.  Information being collected by the 
RMT may help to inform the HSCs. 
 
5.3.3  Step 3 – Make Model Runs  
 
In this step, YCWA would develop WUA versus flow relationships for the target species and life 
stages using the information developed in Steps 1 and 2.  Additionally, analysis of available 
habitat area under different flow conditions will be undertaken using the RMT derived DEM and 
2D models for shallow water preference life stages (juvenile salmonids).  The number of model 
runs will be that number necessary to accurately calculate WUA within the range of 
extrapolation.   
 
 

                                                 
7  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 
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5.3.4 Step 4 – Collaborate Regarding New Study  
 
YCWA does not anticipate the need for any supplemental data collection for this study.  
However, if YCWA and Relicensing Participants collaboratively agree that additional data might 
be useful in relation to this study, YCWA will collaborate with Relicensing Participants to 
develop a new study plan and file it with FERC for consideration.  YCWA will perform the 
study approved by FERC. 
 
5.3.5 Step 5 – Prepare Study Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  
  
 WUA versus flow tables and graphs (tables will include indicators of peak and 80% of WUA 

and graphs will include normalized percent of WUA) for different species and their life 
stages. 

 Habitat duration analyses of fish habitat over time under the existing operational scenario.  
 
YCWA will consult with Relicensing Participants regarding the output tables and graphics to be 
included in the report.  
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the YCWA will consult with the Relicensing 
Participants: 
 
 YCWA will consult with interested and available Relicensing Participants regarding 

hydraulic model calibration 
 
 YCWA will consult with interested and available Relicensing Participants regarding 

selection of habitat suitability criteria for target species and life stages 
 

 YCWA will consult with Relicensing Participants regarding the output tables and graphics to 
be included in the report 

 
 If YCWA and Relicensing Participants collaboratively agree that additional data would be 

useful in relation to this study, YCWA will collaborate with Relicensing Participants to 
develop a new study plan and will file the new study plan with FERC for consideration.  
YCWA will perform the study approved by FERC. (Step 4.) 

 



Yuba County Water Agency 
Yuba River Development Project  
FERC Project No. 2246  
 

 
Instream Flow Below Englebright Dam Revised Study Plan August 2011 
Page 10 of 10 ©2011, Yuba County water Agency  

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows, assuming the FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency:    
 
Existing Information and Model Workshop (Step 1) ............................. October – November 2011 
Agreement on Target Species/Life Stages and HSC (Step 2) ............. November – December 2011 
Develop WUA verses Flow Relationships (Step 3) .......................................... January – June 2012 
Report Preparation (Step 4) .......................................................................... July - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
Instream flow studies conducted using 2D hydraulic models are common in California 
hydropower relicensings. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $200,000 and 
$300,000. 
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Study 7.11 

ASSESSMENT OF NARROWS 2 POWERHOUSE 
FACILITIES AS A BARRIER TO ANADROUMOUS FISH 

UPSTREAM MIGRATION1 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect salmonid fish 
species in the Yuba River downstream of United States Army Corps of Engineers’ (USACE) 
Englebright Dam.2 
 
This study focuses on the anadromous salmonid species listed as threatened under the federal 
Endangered Species Act (ESA) - spring-run Chinook salmon (Oncorhynchus tshawytscha) and 
Central Valley steelhead (Oncorhynchus mykiss), as well as fall-run Chinook salmon (O. 
tshawytscha), a federal species of concern.   
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over fish that could be potentially affected 
in the geographic area included in this study proposal:  1) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, National 
Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) 
California Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, 
Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives are 
not repeated here.      
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species within the FERC boundaries and downstream of the 
Project as resources are affected by ongoing facility operations. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this study plan is to identify and assess conditions in the immediate vicinity 
of the Narrows 2 powerhouse, and how the facilities and operations impact anadromous fish.  
The objectives of the study are to: 1) evaluate whether or not the various lifestages of 
anadromous fish are affected by Narrows 2 Powerhouse during operations – including transient 
operations involving start ups or shut downs; 2) describe existing information regarding the 
presence, absence, timing and abundance and migration behaviors of anadromous fish in the 
vicinity of Narrows 2 Powerhouse draft tube and outfall structure; 3) characterize physical 
aspects of Narrows 2 facilities, including hydraulic characterization in the vicinity of Narrows 2 
facilities that may affect anadromous fish behavior (e.g., water velocity, turbulence, and water 
temperature), particularly whether operations affect fish passage past the facility; 4) define 
channel characteristics (e.g., widths, depths, velocities, and temperatures) to enable an 
assessment as to whether or not operation of the facility inhibits the continuity of upstream fish 
passage; and 5) describe the historical incidence, or potential future likelihood, of fish stranding, 
mortality, or injury resulting from “false attraction” into the powerplant structure. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Water from Englebright Dam and Reservoir is released either through the Narrows 1 
Powerhouse, the Narrows 2 Powerhouse, or, if Englebright Reservoir is full, the dam spillway 
(FERC 1992). Controlled releases are made through the Narrows 1 and Narrows 2 powerhouses 
up to about 4,200 cfs; above that amount, releases are made via the spillway at the top of 
Englebright Dam and are essentially uncontrolled. 
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The Narrows 2 powerhouse incorporates a vertical-axis Francis-type turbine and draft tube.  
Flow through the turbine exits downward through a draft tube, thence out to the Yuba River via a 
tailrace.  The inside dimensions of the draft tube gradually increase as the flow path approaches 
the river; thus the velocity of flow through the tailrace decreases as flow nears the river.  When 
the unit is started, flow changes are fairly gradual as the various start-up sequences, paralleling 
with the electrical grid, and unit loading take place.  Once the unit is connected to the electrical 
grid, unit loading (and flow increase) are ramped up gradually.   

Annual maintenance requires the Narrows 2 Powerhouse to be shut down for a 2- to 3-week 
period, or longer if major maintenance is performed. Maintenance is typically conducted during 
mid-September.  YCWA’s maintenance activities at Narrows 2 Powerhouse include generator 
brush replacement, which requires a 6-hour shut down 2 to 3 times per year, and annual 
maintenance, which typically requires a 2 to 3 week shut down, but may be longer if major 
maintenance is needed (NMFS 2005). During brush maintenance prior to 2006, the 650 cfs 
bypass valve at Narrows 2 could be opened, because that work did not involve working near the 
bypass valve itself.  During annual maintenance prior to 2006 however, the Narrows 2 bypass 
valve usually could be operated, and Narrows 1 Powerhouse was used to maintain instream 
flows in the lower Yuba River.  Consequently, in the absence of water spilling over the top of 
Englebright Dam, flows in the lower Yuba River were reduced to a maximum of 650 cfs for 
several days to several weeks, depending on the type of maintenance (NMFS 2005). YCWA 
schedules annual maintenance activities at Narrows 2 during periods when the potential for redd 
dewatering and fish stranding is the lowest (late August to mid-September), as determined by 
redd and fish stranding surveys (NMFS 2005). 

In 2006, YCWA constructed a full-flow bypass on the Narrows 2 Powerhouse which allows 
approximately 3,000 cfs (or 88 percent), of the full 3,400 cfs capacity of the powerhouse to be 
bypassed around the power generation facilities to maintain river flows during emergencies, 
maintenance, and accidental shut-downs of the powerhouse (NMFS 2007). This bypass 
minimizes the possibility that emergencies or other events requiring that the Narrows 2 
Powerhouse be taken offline will cause significant flow fluctuations in the lower Yuba River, 
and thereby minimizes the possibility that such fluctuations will strand juvenile spring-run 
Chinook salmon and steelhead, or dewater redds of those species (NMFS 2005).  In the event of 
an emergency shutdown of the Narrows 2 turbine, the full-flow bypass automatically opens to 
the same flow rate as had been present through the powerhouse.  
 
Before this bypass was completed, flow reductions resulting from emergency and accidental 
shutdowns of the Narrows 2 Powerhouse were a major concern due to adverse flow and water 
temperature effects on listed spring-run Chinook salmon and steelhead. The ability to manage 
releases from Englebright Dam during maintenance and emergency operations was limited by 
the design of Englebright Dam and the bypass capability of the Narrows 2 Powerhouse, which 
was previously only able to bypass 650 cfs (or approximately 20 percent) of the 3,400 cfs 
capacity of the powerhouse. In the past, uncontrolled flow reductions due to unexpected outages 
at Narrows 2 adversely affected spawning redds and fry/juvenile rearing areas (FERC 2001). 
However, with the completion of the full-flow bypass in 2006, adverse effects to listed species 
due to emergencies, maintenance, and accidental shut-downs of the powerhouse have been 
virtually eliminated. 
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Previously, it has been reported that spring-run Chinook salmon in the lower Yuba River hold 
over during the summer in the deep pools and cool water downstream of the Narrows I and 
Narrows 2 powerhouses, or further downstream in the Narrows Reach (CDFG 1991; SWRCB 
2003), where water depths can exceed 40 feet (YCWA et al. 2007). Congregations of adult 
Chinook salmon (approximately 30 to 100 fish) have been observed in the outlet pool at the base 
of the Narrows 2 Powerhouse, generally during late August or September when the powerhouse 
is shut down for maintenance. During this time period, the pool becomes clear enough to see the 
fish (M. Tucker, NMFS personal observation, September 2003; S. Onken, YCWA, pers. comm., 
2004, both as cited in NMFS 2007). While it is difficult to visually distinguish spring-run from 
fall-run Chinook salmon in this situation, the fact that these fish are congregated this far up the 
river at this time of year indicates that some of them are likely to be spring-run Chinook salmon 
(NMFS 2007). 
 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California. A description of existing information regarding salmonid 
populations downstream of Englebright Dam is provided as Attachment 1 to Study 7.8 – ESA 
and CESA Listed Salmonids Downstream of Englebright Dam.  The attachment describes 
available field studies and data collection reports, other relevant documents, and ongoing data 
collection, monitoring and evaluation activities including the Yuba River Accord Monitoring and 
Evaluation Program (M&E Program) and other data collection and monitoring programs. 
Specifically, Attachment 1 of Study 7.8 summarily describes 21 available field studies and data 
collection reports, 20 other relevant documents (e.g., plans, policies, historical accounts and 
regulatory compliance), 14 ongoing data collection, monitoring and evaluation activities for the 
Yuba River Accord Monitoring and Evaluation Program (M&E Program), and 4 other data 
collection and monitoring programs. 
 
Some physical habitat information exists for the Englebright Dam Reach (EDR) in the 
immediate downstream vicinity of the Narrows 2 Outfall pool (Pasternack 2010).  Key data 
include a bathymetric survey and digital elevation model of the reach, substrate pebble counts, 
water surface elevation observations, georeferenced historical aerial photos, and observations of 
Chinook salmon attempting to spawn on bedrock. At the time that Fulton (2008) performed his 
2D modeling analysis in 2005-2006 to assess flow-habitat relations, sediment entrainment, and 
geomorphic processes, available data were limited to just the reach between the Narrows 2 pool 
and the Narrows I powerhouse. Subsequently, Pasternack (2008a) did do a few 2D model 
simulations of the EDR using a newer software program suitable for that length of canyon. 
Pasternack et al. (2010) reported a detailed historical aerial photo analysis of the EDR focusing 
on the history and status of Sinoro Bar in the vicinity of the confluence with Deer Creek.  
Finally, Pasternack (2009) did reconnaissance of the EDR to map the movement of injected 
gravel and cobble out of the Narrows 2 pool and quantify a sediment budget for that material.  
Additional information regarding physical habitat in the EDR is provided in Pasternack (2009). 
 
Need for additional information includes characterization of cross-sectional water depth and 
velocity profile at the Narrows 2 Outfall location.  Information regarding the burst and sustained 
swimming speeds of Chinook salmon and steelhead needs to be complied.  Additional 
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information needs include obtaining historical operational records of the Narrows 2 Powerhouse 
to characterize outfall flow rates during the migration periods of anadromous salmonids. 
 

5.0 Study Methods and Analysis 
 
5.1  Study Area 
 
The study area includes the Yuba River from Englebright Dam downstream to approximately 
200 ft downstream of the Narrows 2 Powerhouse. 

5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Assessment of Narrows 2 as a Barrier Revised Study Plan August 2011 
Page 6 of 10 ©2011, Yuba County Water Agency 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3  Study Methods 
 
This study will consist of the following four steps: (1) compile data from previously conducted 
and ongoing studies; (2) obtain physical habitat information (water depth and velocity profiles in 
the vicinity of the Narrows 2 Outfall); (3) conduct the analyses necessary to accomplish the 
previously stated goals and objectives; and (4) prepare report. 
 
5.3.1  Step 1 – Compile Data from Previously Conducted and Ongoing Studies 
 
Information regarding salmonid populations in the Yuba River downstream of Englebright Dam 
will be obtained from previously conducted and ongoing studies, including the dates and 
locations of data collection to the extent possible.  Examples of relevant fisheries information 
include adult anadromous salmonid upstream migration and holding lifestage periodicities and 
habitat utilization in the study area.  Physical habitat information includes all available 
information associated with bathymetric maps, water depths and velocities, and applicable 
hydraulic model information.   
 
Data compilation activities also will be undertaken to characterize the frequency of occurrence of 
flow rates emanating from the Narrows 2 Powerplant outfall during the upstream migration 
periods of spring-run Chinook salmon, steelhead, and fall-run Chinook salmon. Data will include 
available historic operational records at the Narrows 2 Powerplant, and determination of flow 
splits during this period between PG&E’s Narrows I Powerplant and Narrows 2.   
 
Typical unit operations for the Narrows 2 Powerplant (e.g., start up, ramp up, shut down) will be 
described, and the accompanying changes in rate of flow will be calculated.  Similarly, the 
opening and closing sequence for the full-flow bypass will be described, along with changes in 
rates of flow. 
 
Physical habitat data within and adjacent to the Narrows 2 Powerhouse and full-flow bypass will 
be compiled.  Design data including draft tube and tailrace dimensions and river channel 
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dimensions in the river channel adjacent to the powerhouse and bypass will also be obtained 
from existing map data.  Information obtained from secure drawings will be generally discussed 
and publicly available drawings will be presented within the report. 
   
5.3.3  Step 2 – Obtain Physical Habitat Information 

A cross section(s) will be established in the immediate vicinity of the Narrows 2 Powerplant 
Outfall.  Water depth and velocity data will be collected along the transect(s) when Narrows 2 is 
operating at rates characteristic of those during the upstream migration periods of spring-run 
Chinook salmon, steelhead, and fall-run Chinook salmon, to the extent possible, subject to safety 
considerations.  It is presently anticipated that the data collection process will be initiated from 
the wetted perimeter located on the opposite side of the Narrows 2 Outfall, and continue as far as 
possible, subject to safety considerations.  Water depths and velocities will be collected by a top-
setting wading rod and electronic water velocity meter. 

5.3.4  Step 3 - Conduct Analyses 

The analyses will consist of two principle components.  One component will consist of 
comparison of water depths and velocities along the contiguous lateral distance at the location of 
the Narrows 2 Outfall compared with burst and sustained swimming speeds of anadromous 
salmonids to evaluate whether a functional migratory pathway exists over the range of Narrows 2 
operational conditions during the appropriate temporal periodicities associated with upstream 
migration of each of the anadromous salmonid species.   

The other component will consist of comparing water depths and velocities collected during the 
first component along the flow pathway from the Narrows 2 turbine and the full-flow bypass 
valve to proximally downstream.  Water velocities for the flow pathway will be calculated under 
both steady state and flow change.  Under a flow change, three measurements would be done to 
document the change (i.e., start up, ramp up and shut down).  Flow pathway depth and velocity 
characteristics will be compared to burst and sustained swimming speeds of anadromous 
salmonids to evaluate the potential for injury to adult salmonids in the vicinity of the Narrows 2 
powerhouse and bypass as a result of project operations.   

5.3.4  Step 4 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study, if any.  The report will contain relevant summary data, tables and graphs.  
 

6.0  Study-Specific Consultation 
 
This study proposal includes the following study-specific consultation: 
 
 Invite interested and available Relicensing Participants into the field to comment on selection 

of sampling sites. 
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 In addition, YCWA will consult with the Yuba Accord RMT to use data obtained by the 
RMT through implementation of the M&E Program, in support of this study plan.  

 

7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Compile Data from Previous and Ongoing Studies (Step 1) .............. October 2011 - January 2012 
Obtain Physical Habitat Information (Step 2) ..................................... October 2011 - August 2012 
Conduct Analysis (Step 3) ........................................................................ August - September 2012 
Prepare Report (Step 4) ........................................................................................... September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methods presented in this study plan are consistent with other generally accepted scientific 
study methods concerning anadromous salmonid population assessments, including those 
conducted by the Resource Agencies in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $35,000 and 
$55,000. 
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Study 8.1 

RECREATION USE AND VISITOR SURVEYS 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has the potential to affect 
recreational resources. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that three agencies have jurisdiction over recreation in the geographic area 
included in this study proposal: 1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
National Parks Service (NPS); and 3) California Department of Fish and Game (CDFG).  Each 
of these agencies and their jurisdiction and management direction, as understood by YCWA at 
this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.   
 
NPS 
NPS’s jurisdiction and goals are described by the NPS in the NPS’s March 4, 2011 letter to 
FERC providing the NPS’s comments on YCWA’s PAD.  NPS’s jurisdiction and management 
goals are not repeated here. 
    
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Existing Information and Need for Additional 
Information 

 
A description, in detail, of the existing Project recreation facilities and opportunities at the 
Project’s only storage reservoir, New Bullards Bar Reservoir, and other Project facilities and 
features is provided in Attachment 8.1A.  Of significance, Section 7.8.4 of the Pre-Application 
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Document (PAD) summarizes Project recreation use with data on total visitation; developed 
campground site occupancy (i.e., number of sites and percent of capacity); number of sites 
occupied at campgrounds; undeveloped shoreline camping permits; and an estimate of 
undeveloped recreation use at Our House and Log Cabin diversion dams.  In addition, Section 
7.8.3 of the PAD describes the recreation opportunities and facilities available in the North and 
Middle Yuba rivers upstream and downstream of the Project. 
 
National Forest System (NFS) land administered by the United States Department of Agriculture 
Forest Service (Forest Service), as the Plumas National Forest (PNF) and the Tahoe National 
Forest (TNF), exists within the existing Federal Energy Regulatory Commission (FERC) Project 
Boundary1 at New Bullards Bar Reservoir.  All Project developed recreation facilities at New 
Bullards Bar Reservoir are located on NFS lands except for the Emerald Cove Marina and 
associated Cottage Creek boat launch facility, which are located on land owned by YCWA. 
 
YCWA has transferred ownership of all of the Project recreation facilities at New Bullards Bar 
Reservoir on NFS land to the Forest Service based on a 1968 agreement between YCWA and the 
Forest Service.  Based on this agreement, the Forest Service is fully responsible for the operation 
and maintenance of all the Project recreation facilities, except the Emerald Cove Marina and 
associated Cottage Creek facilities, including the repair, renewal and replacement to the same 
standard of recreational facilities during the original Project license (USDA-FS 1968).  This 
1968 agreement also allows the Forest Service to charge reasonable user fees at these facilities, 
which are deposited in the United States Treasury, and whenever the Forest Service declares that 
it is unable to perform its obligations of this agreement, then the Forest Service may use special 
use permits (SUP) to direct YCWA to take over operation and maintenance of any or all the 
recreation facilities (USDA-FS 1968).  The Forest Service has entered into a Special Use Permit 
with YCWA.  YCWA chose the Tahoe National Forest to maintain the facilities.  The Forest 
Service operates and maintains all recreation facilities on NFS land; however, YCWA collects all 
recreation user fees (via concessionaire), which YCWA uses to reimburse the Forest Service for 
operation and maintenance costs as outlined in the 2009 annual operating agreement and 1991 
collection agreement with the Forest Service (USDA-FS 2009, USDA-FS 1991). 
 
Additional information collected within this study will be used to close the gaps in the existing 
information on what recreation users think about recreation opportunities, current use levels, and 
projected use for the term of the next license period on the Project. 
 

4.0 Study Goals and Objectives 
 
The goals of this Recreation Use and Visitor Survey Study are to 1) describe the preferences, 
attitudes, and characteristics of the Project’s recreation users; and 2) collect information about 
current project recreational use and activities, and future demand for recreation activities. 
 

                                                           
1  The FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is shown on 

Exhibits J, K, and G of the current license. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Recreation Use & Visitor Survey  
 ©2011, Yuba County Water Agency Page 3 of 28 

The specific objectives for each goal are outlined below. 
 
Goal 1 - Describe the Preferences, Attitudes, and Characteristics of the Project’s Recreation 
Users 

 Objectives are to: 

 Describe recreation visitors and their trip characteristics, including seasonality and access 
routes, by project recreation area and type of user (i.e. anglers, boaters, campers, and 
mountain bikers, etc.). 

 Describe user preferences and expectations of different recreation facilities at Project 
recreation areas, and their tolerances for various conditions, including water surface 
elevation; level and quality of interpretation and information; and assessment of the 
condition of recreation facilities. 

 Identify recreation issues such as safety, conflicts, crowding, wait times at boat launch 
areas as applicable, and instances of wildlife/human interactions. 

 Describe users’ attitudes toward management actions that might be used to improve 
experiences or address problems at Project recreation areas.  

 Describe recreation visitors’ activities (i.e., including primary activity and all activities 
engaged in while visiting) at Project recreation areas and sites. 

 Describe Project recreation visitors’ socio-demographic characteristics. 

 Describe Project recreation visitors’ public access and potential barriers to participation 
in recreation activities. 

 Describe area residents’ recreation use in the Project Area. 
 
Goal 2 - Collect Information About Current Project Recreational Activities and Future Demand 
for Activities 

 Objectives are to: 

 Identify the amount, activity type, and spatial and temporal distribution of existing and 
desired recreation use within the Project, and, where reasonable and possible, describe 
historical recreation use trends within these areas. 

 Identify project-related recreation opportunities in the Project Vicinity2 that may have 
substantial unmet demand. 

 Identify potential constraints or barriers to recreation use, in particular those potentially 
related to existing Project operations or management. 

 Roughly estimating future demand within the Project through the estimated term of the 
new license (30 to 50 years). 

 Assess the regional uniqueness and relative significance of the Project’s primary 
recreation opportunities. 

 

                                                           
2   For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 

States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Goal 3 – Collect Information on Condition of Project Facilities, Impacts, and Accessibility 
 Objectives are to: 

 Evaluate boat ramp usability based on the median reservoir level by water year type. 

 Evaluate accessibility at all developed facilities using FORSAG and ABAA. 

 Inventory resource impacts at developed recreation sites and recreation access areas 
referenced in Table 5.3.1-1). 

 Inventory trails and document impacts (erosion, user-created trails, etc.) within the 
Project Boundary. 

 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area encompasses the Project lands within area affected 
by the FERC Project3; and the Project-affected river reaches, which includes Oregon Creek, 
Middle Yuba River downstream of Our House Diversion Dam, North Yuba River downstream of 
New Bullards Bar Dam; and the Yuba River downstream of the confluence of the North and 
Middle Yuba rivers to Englebright Reservoir.  Section 5.3 identifies the specific study sites for 
each study step.  Each of the Project recreation facilities are described in detail including site 
capacities and types of site elements at each facility in Attachment 8-1A.  
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

                                                           
3  The Federal Energy Regulatory Commission (FERC) Project Boundary is the area surrounding Project facilities and features 

as delineated in Exhibit J of the existing license, which area is required for Yuba County Water Agency’s normal operation 
and maintenance of the Project. 
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 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4Licensee’s field crews will record incidental observations of aquatic and wildlife 
species observed during the performance of this study.  All incidental observations will be 
reported in the appropriate Licensee report (e.g., incidental observations of special-status fish 
recorded during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be 
reported in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is 
not to conduct a focus study (i.e., no effort in addition the specific field tasks identified for 
the specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of six steps.  These include: 1) an inventory and evaluation of the 
recreation facilities for condition, Americans with Disabilities Act (ADA) compliance, and use 
impacts; 2) identifying recreation uses and visitor attitudes, beliefs and preferences at Project 
recreation resource areas; 3) estimating the current recreation use at Project recreation resource 
areas; 4) identifying future use and demand opportunities; 5) a quality assurance/quality control 
(QA/QC) review of visitor and observation survey data; and 6) analyzing the data and preparing 
the report.  Each of the steps is described below. 
 
5.3.1 Step 1 –Evaluate the Existing Project Recreation Facilities, Roads, Trails, 

and Reservoir Shoreline 
 

                                                           
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1.1 Step 1A – Inventory and Evaluate the Condition, ADA Compliance and Use 
Impacts at the Existing Project Recreation Facilities  

 
Specifically, this step will include four tasks: 1) a complete inventory of developed recreation 
facilities associated with the Project including campgrounds, boat launches, picnic areas, signs, 
and interpretive displays; 2) an assessment of the condition of each site element (i.e., tables, fire 
rings, restrooms, parking areas, water spigots, other structures, etc.) of the developed recreation 
facilities; 3) an assessment of whether each element complies with current ADA accessibility 
guidelines; and 4) an assessment of the use impacts at each recreation facility.  YCWA will 
inventory all the Project recreation facilities and sites identified in Table 5.3.1-1.  In addition, 
Table 5.3.1-1 also identifies the specific types of evaluations that YCWA will conduct at each 
facility/site (condition, ADA compliance, and/or use impact evaluations) as not all facilities will 
require each of these evaluations.  Note that the Project recreation facility roads (access roads 
and circulation roads) and below ground water systems will be evaluated using different methods 
as described in Section 5.3.1.2 (Step 1B) below.   
 
Table 5.3.1-1.  Study sites for the inventory and evaluation of the condition, ADA compliance, and 
use impacts. 

Resource Area Facility Type Recreation Facility 
Types of Evaluations 

Inventory Condition ADA Use Impact

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground X X X X 

Schoolhouse Campground X X X X 

Dark Day Campground X X X X 

Garden Point Boat-In Campground X X X X 

Madrone Cove Boat-In Campground X X X X 

Frenchie Point Boat-In Campground X X X X 

Cottage Creek Campground X X X X 

Cottage Creek Group Campground X X X X 

Burnt Bridge Campground1 X X X -- 

Day Use Areas 

Dark Day Picnic Area X X X X 

Sunset Vista Point X X X X 

Dam Overlook X X X X 

Moran Road Day Use X X X X 

Boat Launches 
Dark Day Boat Launch2 X X X X 

Cottage Creek Boat Launch and Marina X X X X 

 
Undeveloped 
Camping 

Undeveloped Shoreline Camping Areas X X -- X 

Diversion Dams 
Undeveloped Day 
Use Areas 

Log Cabin Diversion Dam4 X -- -- X 

Our House Diversion Dam4 X -- -- X 

1 Burnt Bridge Campground is not currently open to the public.  The facility has been closed since 1979, except for brief periods. 
2 The informal overflow parking area will not be evaluated for condition or ADA compliance since it is an informal facility. YCWA will evaluate 
the overflow for approx. size/capacity and use impact. 
3 YCWA will inventory/evaluate these road per the road assessment methods in the Primary Project Roads and Trails study (Study 9-1).  
4 These sites do not have any developed facilities so YCWA will not conduct condition or ADA compliance evaluations.  YCWA will evaluate 
the sites for approx. parking size/capacity at the informal parking areas and use impacts.  

 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Recreation Use & Visitor Survey  
 ©2011, Yuba County Water Agency Page 7 of 28 

5.3.1.1.1 Inventory Recreation Facilities 
 
YCWA will inventory the number and type of recreation facilities at the Project recreation 
facilities listed in Table 5.3.1-1.  Photographs will be taken as appropriate as either a 
representative photograph of similar facilities or of each one-of-a-kind facility.  Facilities of 
interest include picnic sites, campsites, restrooms, parking areas/spaces, boat launch ramps, boat 
docks, and recreation signs. 
All signs will be inventoried and each type of sign will be photographed and documented (e.g., 
type of sign, condition, text, location etc.).  The content of signage will be checked for clarity, 
consistency, and appropriate and understandable wording.  In addition (where applicable), 
YCWA will note incidental information in the vicinity of the developed recreation facilities such 
as user-created roads and approximate trail lengths; user created sites; available parking, and the 
number of informal fire rings.  Representative photographs will be taken as appropriate.  YCWA 
will use a basic inventory form (an example form is provided in Attachment 8.1B). 
 
5.3.1.1.2 Facility Condition Assessment 
 
YCWA will conduct a qualitative assessment of the condition of developed recreation facilities 
and signs at each of the facilities identified  in Table 5.3.1-1.  The assessment categories are 
poor, fair, good, and excellent condition.  Table 5.3.1-2 provides evaluation criteria that will be 
used by type of recreation facility feature.  YCWA will provide the individual condition ratings 
for each site element within a facility as well as an overall facility rating as part of the study 
technical memorandum. 
 
Table 5.3.1-2.  Facility site condition evaluation categories and criteria. 

Variable (Site Element) 

Condition Evaluation Categories and Criteria 

1 – Poor 
Needs Immediate 

Rehabilitation 

2 – Fair 
Rehabilitation required 

within 5 years. 

3 – Good 
No rehabilitation 

required within the next 
5-10 years. 

4 – Excellent 
Rehabilitation required 

beyond 10 years. 

Vehicle Spurs & Parking 
(condition of surface paving 

on vehicle spurs and 
parking areas) 

All surfaces are in 
disrepair and need of 

immediate 
reconditioning or 

replacement.  Current 
conditions create safety 

hazards. 

Need for improved 
maintenance and repair 

in some areas.  No major 
safety concerns.  

All surfaces in good 
condition and well 

maintained.   

New/recent surface 
paving. All surfaces in 
excellent condition and 

well maintained.  
Rehabilitation required 

beyond 10 years. 

Recreation Site Element 
(condition of picnic tables, 
fire ring/grills, boat ramps, 

etc.) 

Facilities require 
immediate repair or 
replacement.  Little 
evidence of recent 

maintenance. 

Some facilities damaged 
or in need of 

replacement.  Could be 
accommodated through 

routine maintenance. 

Facilities generally in 
good condition and well 

maintained. 

Facilities in excellent 
condition (new or near 

new) and well 
maintained. 

Recreation Site Buildings 
(condition of restrooms, 

maintenance buildings, and 
other structures) 

Structures in disrepair 
requiring immediate 
attention.  Significant 
rehabilitation likely.  

Problems could include 
rot, leaks, and sagging 

roofs. 

Some structures need 
minor repairs, such as 

painting or replacement 
of roof/shingles.  Repairs 
should be made, but are 
not needed immediately. 

All structures appear in 
sound, well maintained 

condition.  No 
significant problems 

observed. 

New or near new 
structures.  All structures 

in sound, well 
maintained condition. 

Signs 
(presence/condition of 

project and recreation signs) 

Signs do not exist or 
require immediate repair 

or replacement. 

Some signs damaged or 
in need of replacement. 

Signs generally in good 
condition and well 

maintained. 

Signs in excellent 
condition (new or near 

new) and well 
maintained. 
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Based on the rating of each variable/site component in Table 5.3.1-2, an overall facility 
evaluation score will be calculated by summing the total of each of the site components at each 
facility.  YCWA will categorize the overall facility condition using the rating scale, categories, 
and general rehabilitation timeframes in Table 5.3.1-3. 
 
 
Table 5.3.1-3.  Overall facility site condition evaluation ratings, categories, and general 
rehabilitation timeframes. 

Overall Condition Rating Score1 Overall Condition Category General Rehabilitation Timeframe1 
1 to 3 Poor Immediate 
4 to 6 Fair Within 5 Years 
7 to 10 Good 5 to 10 Years 

11 to 13 Excellent More than 10 Years 
1 These timeframes are not intended to be rigid, but rather guidelines.  The purpose of these general timeframes is to understand where the Project 
recreation facilities rank in terms of rehabilitation priorities.   
 
In addition, photographic documentation of some facilities (e.g., picnic tables, fire rings) will 
illustrate a representative range of conditions at each site.  YCWA will use a condition form to 
evaluate each facility, and an example form is provided in Attachment 8.1B.  The YCWA’s use 
impact form has been used on other relicensings and may be modified based on review of 
existing information and field reconnaissance.  
 
5.3.1.1.3 Accessibility Compliance Assessment 
 
YCWA will assess the developed recreation facilities identified in Table 5.3.1-1 for their 
compliance with current accessible guidelines.  For facilities on National Forest System (NFS) 
land, YCWA will use the Forest Service Outdoor Recreation Accessibility Guidelines 
(FSORAG) for accessible design.  YCWA will invite the Forest Service personnel to participate 
in field assessments of these facilities.  At the recreation facilities on NFS land (all project 
recreation facilities, except Cottage Creek Boat Launch), YCWA will use the current FSORAG.  
At facilities on YCWA land, YCWA will use the ADA and Architectural Barriers Act  
Accessibility Guidelines (ABAAG) developed by the United States Access Board (USAB 2004).  
Only three Project recreation facilities listed in Table 5.3.1-1 are located on YCWA land - 
Cottage Creek Boat Launch, Dam Overlook, and Madrone Cove Boat-In Campground.  The 
remaining Project recreation facilities are located on NFS land. 
 
YCWA will evaluate each facility against these standards and then utilize a  rating system that 
categorizes the level of accessibility at each facility.  YCWA will use the following three ratings: 
inaccessible, partially accessible and fully accessible.  YCWA will assign a rating using the 
evaluation criteria in Table 5.3.1-4. 
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Table 5.3.1-4.  Level of accessibility categories and rating system. 
0 – Inaccessible 1 – Partially Accessible 2 - Accessible 

Little or no consideration for handicap 
accessibility.  Clearly not in compliance with 

FSORAG/ ABAAG standards. 

Some handicap facilities, but in disrepair or 
not up to current FSORAG/ ABAAG 

standards (e.g., slopes too steep, docks 
inaccessible, etc.) 

High quality of accessibility.  Facilities 
appear fully consistent with current 

FSORAG/ ABAAG standards. 

 
 
An example of the ADA accessibility compliance checklist for outdoor recreation facilities is 
contained in Attachment 8.1B, including an example of schematic guides to support the 
evaluations.  These checklists will be modified to address the specific standards for each of 
applicable guidelines – FSORAG on NFS land or ABAAG on private/YCWA land – as needed.  
In addition, recreation facilities will be assessed for their ability to provide opportunities for 
persons with disabilities to participate in the Project’s primary recreation opportunities 
(including boating and camping).  Notably, this form has been used on other relicensings and 
will be modified based on review of existing information and the availability of forms used by 
the FSORAG and ABAAG. 
 
5.3.1.1.4 Assessment of Recreation Use Impacts 
 
YCWA will also assess the recreation use impacts at each of the recreation facilities identified in 
Table 5.3.1-1.  The recreation use impact evaluation at each facility is categorized as low, 
moderate, or high depending on the amount and dispersion of use impact signs (Table 5.3.1-5).  
Signs of use impact typically include the presence of litter, dumping, tree cutting, inadequate 
vegetation clearances around fire pits/rings, visible OHV use/tracks, trampled vegetation, 
erosion, human waste, toilet paper, etc. 
 
Table 5.3.1-5.  Recreation use impact categories and rating system. 

0 – Low 1 – Moderate 2 - High 
Few, if any signs of use impact are observed 

at each site 
Several signs of use impact but not extensive 

or widespread impacts 
Extensive signs of use impact; widespread 

use with many impacts evident 

 
 
In some instances, selecting a single impact category may not be practical, and as a result, the 
impact level may span two categories (e.g., low-to-moderate or moderate-to-high).  This broader 
categorization may be used when a site or facility has satellite areas where impact conditions 
vary significantly from the majority of the site/facility.   
 
The form used to evaluate the recreation use impact and the impact parameters (included in 
Attachment 8.1B) has been used on other relicensing projects (Whitaker and Shelby 2001).  
Indicators of fire hazards will also be collected as part of the impact evaluation.  As noted, 
YCWA’s use impact form (as adapted) has been used on other relicensings (Whitaker and 
Shelby 2001) and may be modified based on review of existing information. 
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5.3.1.2 Step 1B – Inventory and Evaluate the Condition of the Existing Recreation 
Facility Roads and Underground Water and Septic Systems 

 
5.3.1.2.1 Recreation Facility Access and Circulation Roads 
 
YCWA will evaluate the Project recreation facility access roads and circulation roads as 
identified in Table 5.3.1-5.  Circulation roads are considered the roads within a recreation facility 
such as roads through a campground loop or to picnic sites within a picnic area.  YCWA will 
inventory and evaluate each of these roads according to the methods for primary Project roads in 
the Primary Project Roads and Trails Study (Study 9-1).  For this study step, five access roads 
have been indentified that provide exclusive access to Project recreation facilities (Table 5.3.1-
6).  YCWA will inventory and evaluate only the portions of the access roads on YCWA and NFS 
lands, which excludes the Yuba County portions of these access roads.  The facilities with 
circulation roads are also identified in Table 5.3.1-6.  Note that campsite vehicle spurs are not 
included in this evaluation (see Step 1A). 
 
Table 5.3.1-6.  Recreation facility access and circulation road evaluation study sites. 

Resource Area Recreation Facility Access Road Circulation Road 

New Bullards Bar 
Reservoir 

Hornswoggle Group Campground USFS Rd. 8.6 X 

Schoolhouse Campground USFS Rd. 8.5 X 

Dark Day Campground 

USFS Rd. 8.4 and 8.4.1 

X 

Dark Day Picnic Area X 

Dark Day Boat Launch X 

Cottage Creek Campground -- X 

Cottage Creek Group Campground -- X 

Burnt Bridge Campground1 -- X 

Sunset Vista Point USFS Rd. 8.9 -- 

 
 
5.3.1.2.2 Underground Water and Septic Systems 
 
YCWA will inventory and describe the water and septic systems at each of the Project recreation 
facilities listed in Table 5.3.1-7.  Specifically, YCWA will locate via GPS the key known above-
ground components and provide estimates of the location of below-ground components of the 
water and septic systems on a map or schematic.  
 
Table 5.3.1-7.  Recreation facility underground water and septic system study sites. 

Resource Area Facility Type Study Sites 

New Bullards Bar Reservoir 
Campgrounds 

Hornswoggle Group Campground 

Schoolhouse Campground 

Dark Day Campground 

Cottage Creek Campground 

Cottage Creek Group Campground 

Day Use Areas Dark Day Picnic Area 
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5.3.1.3 Step 1C –Evaluate the Developed Project Recreational Trails for Erosion and Use 
Impacts 

 
YCWA will evaluate the Project’s developed recreation trails.  YCWA will study the trails/trail 
segments identified in Table 5.3.1-8. 
 
Table 5.3.1-8.  Trail evaluation study sites at New Bullards Bar Reservoir. 

Resource Area Recreational Trail Length (mi) Start Location End Location 

New Bullards 
Bar Reservoir 

Bullards Bar Trail 14.0 Sunset Vista Point Old Camptonville Road 

Schoolhouse Trail 0.7 Schoolhouse Campground Bullards Bar Trail 

Seven Ball Trail 1.0 Paved road off Marysville Road Bullards Bar Trail 

Eight Ball Trail 3.8 Marysville Road 7 Ball Trail 

Rebel Ridge Trail 1.6 Marysville Road Bullards Bar Trail 

Camptonville Road Trail Unknown Bullards Bar Trail Old Camptonville Road 

 
 
This step will include identification of erosion, other natural conditions that impact the integrity 
and function of the trail, and recreation use impacts along the trails in Table 5.3.1-7.  YCWA 
will conduct field reconnaissance of the trails and identify locations where: 1) erosion is 
occurring within the trail boundary; 2) other conditions are impacting the integrity and function 
of the trail (e.g., downed trees, boulders, overgrown vegetation, etc.); and 3) recreation use 
impacts are observed.  Where any of these three conditions are observed, YCWA will 
photograph the condition, map the location using a GPS device, and describe the condition. 
 
The recreation use impact evaluation on each trail will be categorized as low, moderate, or high 
depending on the amount and dispersion of use impact signs and will follow the methods 
outlined in Step 1A and include completing the use impact evaluation form included in 
Attachment 8.1B (see methods for use impact in Step 1A, Section 5.3.1.1.3 – Assessment of 
Recreation Use Impacts).  Signs of use impact typically include the presence of litter, dumping, 
tree cutting, inadequate vegetation clearances around fire pits/rings, visible OHV use/tracks, 
trampled vegetation, bare ground, compacted soils, erosion, human waste, toilet paper, etc.  
YCWA’s evaluation of the recreation use impacts.  
 
5.3.1.4 Step 1D –Inventory and Evaluate the Use Impacts at Recurrent Dispersed 

Shoreline Recreation Use Locations Along New Bullards Bar Reservoir Shoreline  
 
YCWA will inventory and evaluate the recurrent dispersed recreation use locations along the 
New Bullards Bar Reservoir shoreline within the FERC Project Boundary and outside of the 
Project developed recreation facilities.  Specifically, this step includes identifying recurrent 
dispersed recreation use locations; and assessing the use impacts at the location. 
 
YCWA will conduct a single field survey of the New Bullards Bar Reservoir shoreline by boat to 
identify locations that show signs of recurrent dispersed shoreline recreation use.  YCWA will 
conduct the survey when the water level drops to a level where the shoreline camping is 
available and functional (at least 15 ft below normal maximum water surface elevation).  When 
YCWA observes such a location, YCWA will conduct a land-based evaluation of the recreation 
use impacts at the location as outlined in Step 1A (Section 5.3.1.1.3 - Assessment of Recreation 
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Use Impacts) above, including completing the evaluation form (Attachment 8.1B).  At each 
location, YCWA will photograph and map the location with a GPS device.  YCWA will also 
identify any user-created trails adjacent to the identified recurrent recreation use sites. 
 
5.3.2 Step 2 – Identify Recreation Uses and Visitor Attitudes, Beliefs, and 

Preferences at Project Recreation Resource Areas 
 
YCWA will conduct observations and visitor surveys to gather information to address the study 
goals, objectives, and issues at each of the facilities/study sites listed in Table 5.3.2-1. 
 
Regarding the Oregon Creek Day Use Area study site located on Oregon Creek at the confluence 
with the Middle Yuba River on NFS land, YCWA will conduct the same recreation use and 
visitor preference data using the observation and visitor surveys and methods detailed below.  
YCWA does not consider this site/facility to be a Project recreation facility as it is outside the 
FERC Project Boundary on a Project-affected river reach; however, YCWA, at the request of the 
Forest Service, has agreed to collect the recreation use and visitor preference data at this site.  
The results from this data collection will be provided as a supplement to the technical 
memorandum for this study. 
 
Table 5.3.2-1.  Study areas and sites for visitor and observation surveys.  

Resource Area Facility Type Study Sites Study Sub-Sites 

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground Campsites 

Schoolhouse Campground Campsites 

Dark Day Campground Campsites 

Cottage Creek Campground Campsites 

Cottage Creek Group Campground Campsites 

Garden Point Boat-In Campground Boat Launch Parking Areas1 

Madrone Cove Boat-In Campground Boat Launch Parking Areas1 

Frenchie Point Boat-In Campground Boat Launch Parking Areas1 

Shoreline Camping Undeveloped Shoreline Camping Boat Launch Parking Areas1 

Day Use Areas 

Dark Day Picnic Area 
Picnic sites 

Parking Area 

Sunset Vista Point 
Picnic sites 

Parking Area 

Dam Overlook Parking Area 

Moran Road Day Use 

Parking Area 

Boat Ramp 

Shoreline 

Trailheads 

Bullards Bar Trailheads 

Sunset Vista Point 

Dark Day Picnic Area 

Old Camptonville Road 

Schoolhouse Trailheads Schoolhouse Campground 

Seven Ball Trailhead Paved road off Marysville Road (1.5 mi. from Hwy 49) 

Eight Ball Trailhead 

Schoolhouse Campground 

Dark Day entrance road 

7 Ball Trail junction 

Marysville Road 

Rebel Ridge Trailhead Marysville Road (0.5 mi. from Highway 49) 

Camptonville Road Trailhead Old Camptonville Road (0.5 mi. from Marysville Road) 
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Table 5.3.2-1.  (continued) 
Resource Area Facility Type Study Sites Study Sub-Sites 

 
Boat Launches 

Dark Day Boat Launch 

Parking Area (upper and lower) 

Boat Ramp 

Overflow Parking Area 

Cottage Creek Boat Launch 
Parking Area 

Boat Ramp 

Project 
Diversion Dams 

Undeveloped Day 
Use Areas 

Log Cabin Diversion Dam2 
Informal Parking Areas 

Shoreline 

Our House Diversion Dam2 
Informal Parking Areas 

Shoreline 

Oregon Creek 
(non-project) 

Developed Day Use 
Area 

Oregon Creek Day Use Area3 
Picnic Areas (north and south) 

Parking Areas (north and south) 
1   YCWA will place mail-back windshield surveys at both boat launch facilities at the boat-in campgrounds to survey the visitors who use the 

boat-in campgrounds. In addition, YCWA will conduct limited on-site surveys at the boat-in campgrounds during the peak season. 
2   YCWA’s surveyors will travel to the actual diversion dams and adjacent shoreline to conduct visitor and observation surveys. 
3  YCWA does not consider this site/facility to be a Project recreation facility as it is outside the FERC Project Boundary on a Project-affected 

river reach; however, YCWA, at the request of the Forest Service, has agreed to collect the recreation use and visitor preference data at this 
site. 

 
 
5.3.2.1 Observation Survey 
 
During observation surveys, the YCWA surveyor will count and record the time, date, location, 
number of vehicles, vehicles with trailers and the type of trailer, vehicles with racks for boats, 
trailers, boats, people, day groups, overnight groups, and the types of recreation activities. The 
surveyor will also record the percent occupancy by location.  Observations will be made, and 
recorded by site and area to include parking outside provided parking areas. This data will be 
used to identify the types of recreation activities visitors participate in at the Project.  In addition, 
this data will also be used to calculate aspects of the Project recreation use estimate (Step 3 in 
Section 5.3.5).  Once the counts are completed, the surveyor will also administer an on-site 
recreation visitor questionnaire survey to randomly selected recreation visitors (Section 5.3.4.5). 
 
5.3.2.2 Visitor Survey 
 
The visitor survey will collect visitor perceptions, attitudes, and satisfaction levels on current 
resource conditions (i.e. users’ feelings towards current water or use levels), visitors’ zip codes, 
user characteristics, recreational activities, recreation facility development, management 
concerns, and overall recreational experiences.  Non-response bias will also collected during 
visitor survey collection, whereby YCWA’s surveyor will collect the following information from 
visitors who refuse to complete the survey – reason, observed activity, gender and age (if 
possible).  For all survey efforts, the number of refusals will be recorded.  The visitor survey at 
the land-based Project recreation facilities will be administered as an on-site survey or a mail-
back windshield survey.  In addition, YCWA will administer visitor surveys to houseboat users 
on New Bullards Bar Reservoir with a direct-mail survey to houseboat owners and separately to 
visitors who rented houseboats from the marina. 
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5.3.2.2.1 Types of Visitor Surveys 
 
On-Site Visitor Survey 
 
The on-site visitor survey will be administered at all sites where recreation visitors are readily 
visible and willing to participate at the Project diversion dam sites and New Bullards Bar 
Reservoir (e.g., campgrounds, picnic areas, boat launches, and trailheads).  When visitors are not 
readily visible, YCWA will contact visitors via a windshield survey where vehicles are parked 
and visitors cannot be located, typically at boat launch facilities, trailheads at New Bullards Bar 
Reservoir; and shoreline access areas and locked gates such as at the diversion dams. 
 
For the on-site survey, only members of a group who are 18 years or older will be asked to 
complete a survey.  Recreation researchers will train surveyors on random selection techniques 
for choosing groups at a site and participants within groups, introduction strategies, recording, 
and tracking refusals.  A target number of users to be surveyed during each period will be 
established based on target survey completions for the entire recreation season for each 
recreation area. 
 
Mail-Back Windshield Visitor Survey 
 
The mail-back windshield visitor survey will be administered at recreation sites where recreation 
visitors are not present, but their vehicles are.  In these cases, a mail-back version of the visitor 
survey will be left on vehicle windshields with self-addressed envelopes and postage for 
convenient response and return.  A survey packet of information will be left on the windshield 
and will include the survey, a self-addressed stamped envelope, and a cover letter which explains 
the purpose of the survey.  YCWA will number each survey in order to track both on-site 
response and windshield response rates. 
 
YCWA anticipates utilizing mail-back surveys at boat launch areas and trailheads.  In addition, 
YCWA will utilize mail-back surveys at the boat launches to survey visitors using the boat-in 
campgrounds.  In addition, YCWA will also conduct on-site surveys (boat to the campgrounds) 
two days per month (one weekday and one weekend day in June, July, and August (refer to 
Sampling Frequency section below for exact frequency).  YCWA will carefully monitor the 
response rate from the boat-in campgrounds to determine if additional efforts need to be made at 
the boat-in campgrounds (e.g., conduct on-site surveys) to meet the survey targets. 
 
Direct Mail Houseboat Owners and Renters Survey  
 
Houseboat Owners.  A visitor survey will be sent to all houseboat owners based within the 
Project.  Names and addresses for houseboat owners will be obtained by YCWA in cooperation 
with the concessionaire.  Completed mail surveys will provide information on user 
characteristics, recreational activities, Project visitation, concerns, and overall recreational 
experiences (See Attachment 8.1-D).  Surveys will be mailed at various times to ensure a cross 
section of visits by houseboat owners throughout the peak season. The total population of 
houseboat owners will be randomly divided and twenty-five percent will be sent a survey during 
June, July, August, and September. 
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Houseboat Renters.  A visitor survey will be sent to houseboat renters who agree to complete a 
survey after their rental experience at the Project.  Names and addresses for houseboat renters 
will be obtained by YCWA in cooperation with the concessionaire at Emerald Cove Marina.  
Completed mail surveys will provide information on user characteristics, recreational activities, 
Project visitation, concerns, and overall recreational experiences.  Surveys will be sent through 
the mail each week, depending upon the date of rental and the number of renters who agreed to 
participate in the survey5. 
 
Both direct mail house boat surveys will be conducted in accordance with standard mail survey 
methodology (Dillman 1978), which includes the use of a mail survey packet.  This packet will 
include a self-addressed, stamped envelope; instructions and cover letter; and mail survey form.  
A letter will be sent on behalf of YCWA introducing the survey effort to each houseboat 
owner/renter.  Approximately one week following the letter of introduction, the mail survey 
packet will be sent.  Each survey will be numbered for tracking purposes.  If YCWA does not 
receive the survey back from the houseboat owner/renter within one week, then YCWA will 
send a reminder follow-up postcard approximately one week after the first mailing; and a second 
letter and survey three weeks after the first mailing depending on response.   
 
5.3.2.2.2 Visitor Survey Development  
 
The visitor survey will address the study objectives identified in Section 4.0.  Survey topics will 
address items such as visitors’ perceptions of the following:  
 
 existing and desired recreation facilities 
 reservoir water levels on experience 
 satisfaction with shoreline access and opportunities 
 comparison of project recreation resource area to other regional recreation resource areas that 

provide similar recreation opportunities 
 personal safety 
 crowding 
 conflict 
 visitor’s actual and desired primary destination and activities 
 actual and desired activities 
 constraints or barriers to participation that are potentially within YCWA’s or agencies control 

(e.g. lawlessness, trail conditions, campfire use, private property conflict and trespass, 
parking access and fees) 

 ways to enhance their recreation experience 
 
The draft of the survey instrument is provided in Attachment 8.1C at the end of the study plan.  
The survey content will be refined in consultation with Relicensing Participants based on 
project-related issues identified in the PAD and FERC’s Project’s Scoping Document.  Prior to 
survey implementation, the survey instrument will be pre-tested in the field with recreation users, 

                                                           
5 One survey for both houseboat owners and renters will be utilized, only the distribution will vary, as noted above. 
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and, refined for clarity, if necessary.  The pre-test will include a total of  10 to 15 completed 
surveys, with the intent to receive feedback on readability, length, and general understanding of 
survey content.  If necessary, minor changes to the survey instrument may be made to make the 
survey easier to complete and/or understand. 
 
5.3.2.2.3 Field Reconnaissance, Logistics and Preparation 
 
This task will involve logistical preparation for existing use data collection, including: 
developing draft data forms and associated databases; developing field work logistics and 
protocols; field crew training; selection of sampling dates; pre-testing field logistics and 
protocols, and revising schedules, logistics, or protocols based on preliminary findings. 
 
5.3.2.3 Sampling Approach and Data Collection 
 
5.3.2.3.1 Target Number of Visitor Surveys 
 
YCWA is targeting two distinct survey populations (day users and overnight users) that make up 
the overall Project recreation use.  YCWA is basing the target number of visitor surveys on these 
two survey populations which stems from the 2009 recreation use data.  Overall, in 2009, the 
total Project recreation use was 128,191 Recreation Days (RDs).  When comparing day use 
versus overnight use, day use accounted for 57 percent or 71,108 RDs of the total Project use; 
and overnight use accounted for 43 percent or 54,083 RDs.  Using a 95 percent confidence 
interval with a sampling error no more than +/-5 percent, YCWA’s target number of surveys for 
each sample population is 381 surveys (762 total surveys) (Salant and Dillman 1994, pp. 55-56).  
Since it is not apparent how varied the Project sample population is in its response to various 
questions, YCWA will use a more conservative sampling approach that utilizes a “50/50 split,” 
which means the sample population is relatively varied.  A result of this “50/50 split” approach 
means YCWA will have a higher survey sample size than if it was apparent that the sample 
population was less varied (i.e. an “80/20” split whereby most people have a certain 
characteristic and a few do not).  Thus, since the “split” is not known ahead of time, the best 
approach is to be conservative and use the “50/50 split” (Salant and Dillman 1994, pp. 55-56). 
 
To determine the target number of surveys for each study site, YCWA first divided the facilities 
into overnight and day use facilities  in the same manner that the 2009 recreation use data was 
collected.  Thus, all of the campgrounds and shoreline camping areas were considered overnight 
facilities and the remaining facilities were considered day use facilities (boat launches, day use 
areas, and trails/trailheads.  Thus, for the day use and overnight facilities, the target number for 
each study site (facility) was calculated by multiplying the percentage of day use or overnight 
use by the total target surveys for each sample population (381 surveys).  Since some of the 
study sites did not have recreation use data specific to that site, YCWA made reasonable 
judgments about the target number of surveys.  Of note, the minimum number of target surveys 
for any site was 10 surveys.  Table 5.3.2-2 displays the target number of surveys for each study 
site. 
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Table 5.3.2-2.  Target number of visitor surveys for each study site. 

Resource Area Resource Type Study Site Open Season 
Target Number of 

Surveys 

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground Apr 15–Oct 15 66 

Schoolhouse Campground Apr 15–Oct 15 165 

Dark Day Campground Apr 15–Oct 15 35 

Cottage Creek Campground Apr 15–Oct 15 10 

Cottage Creek Group Campground Apr 15–Oct 15 10 

Garden Point Boat-In Campground1 Apr 15–Oct 15 40 

Madrone Cove Boat-In Campground1 Apr 15–Oct 15 15 

Frenchie Point Boat-In Campground1 Apr 15–Oct 15 10 

Shoreline Camping Undeveloped Shoreline Camping Areas1,2 Apr 15–Oct 15 30 

Day Use Areas 

Dark Day Picnic Area Apr 15–Oct 15 20 

Sunset Vista Point Year-round 10 

Dam Overlook Year-round 10 

Moran Road Day Use Year-round 10 

Trailheads4 

Bullards Bar Trailheads Year-round 

35 

Schoolhouse Trailhead Year-round 

Seven Ball Trailhead Year-round 

Eight Ball Trailheads Year-round 

Rebel Ridge Trailhead Year-round 

Camptonville Road Trailhead Year-round 

Boat Launches 
Dark Day Boat Launch Year-round 106 

Cottage Creek Boat Launch Year-round 130 

Project 
Diversion Dams 

Undeveloped Day Use 
Areas 

Log Cabin Diversion Dam3 Year-round 15 

Our House Diversion Dam3 Year-round 25 

Oregon Creek 
(non-project) 

Developed Day Use Area Oregon Creek Day Use Area Year-round 25 

1 YCWA will place mail-back windshield surveys at both boat launch facilities to survey the visitors who use the boat-in campgrounds and 
shoreline campsites.  In addition, YCWA will conduct limited on-site surveys at the boat-in campgrounds during the peak season. 

2 The undeveloped shoreline camping use is dependent upon the water level, which makes estimating a user population difficult since water 
levels vary from year to year.  Thus, YCWA will do its best to attain this survey target. 

3 YCWA’s surveyors will travel to the actual diversion dams and adjacent shoreline to conduct visitor and observation surveys. 
4 YCWA will visit each of the trailheads identified in the "Study Sub-Sites" column in Table 5.3.2-1. 

 
 
YCWA will make every attempt to secure the target number of surveys identified by site or 
groupings of sites.  However, even after following survey protocol, there may be sites where the 
target cannot be met.   YCWA will continuously monitor the survey returns, and if survey targets 
are not being met at survey sites, YCWA will re-evaluate the sampling frequency to determine if 
additional efforts should be made at these survey sites.  Also, for all survey sites, YCWA will 
continue the survey effort throughout the established seasons, even if the target survey numbers 
have been met, and will make every effort to achieve the survey target goals. 
 
5.3.2.3.2 Sampling Frequency 
 
The sampling frequency will be divided into two categories – peak, off-peak, and low seasons.  
The peak season for all recreation use and activities on the Project is from Memorial Day 
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through Labor Day.  The shoulder season is from April 15 to Memorial Day, and from Labor 
Day through October 15.  The low season extends from October 16 through April 14.  The 
Project campgrounds and Dark Day Picnic Area are closed from October 16 through April 14.  
The boat launches remain open the remainder of the year outside the peak season -- January 1 up 
to Memorial Day; and after Labor Day weekend through December. 
 
The sampling frequency for the peak season will be:  
 
 two randomly selected weekday days per month (separated by at least one week) 

 two randomly selected weekend days (Saturday and Sunday) per month (non-consecutive) 

 In July, one of the weekend survey days will be July 7 

 one pre-selected holiday day (Saturday or Sunday) for each three-day holiday weekend or 3 
holiday days total (Memorial Day, Independence Day and Labor Day holiday weekends) 
 If the Memorial Day holiday survey day is lost due to poor weather conditions, then 

YCWA will make up the holiday day by adding one day to the Labor Day holiday 
weekend (Saturday or Sunday). 

 For the Independence Day holiday, July 1 (Sunday) will be the holiday survey day 
 
The sampling frequency for the shoulder and low seasons will be:  
 
 two randomly selected weekday days per month (separated by at least one week) 

 two randomly selected weekend days (including a Saturday and Sunday) per month (non-
consecutive) 

 one survey day (Sunday) during the Columbus Day holiday weekend 
 
For the boat-in campgrounds, YCWA will conduct on-site surveys (boat to the campgrounds) 
twice per month (one weekday and one weekend day) during the peak season in June, July, and 
August.  YCWA will visit the boat-in campgrounds in the morning (before 10:00 a.m.).  For 
these months, the monthly sampling frequency will be:  
 
 one randomly selected weekday per month to include one day each on a Tuesday, 

Wednesday, and Thursday 

 one randomly selected weekend day per month (alternating between Saturday and Sunday) 
 
YCWA will conduct up to two selected days of preliminary testing to clarify any 
problems/confusion with the survey instrument and/or process.  Holiday survey days will not be 
done during the off-peak season. 
 
To identify recreation visitor’s attitudes, beliefs, and preferences at project recreation resource 
areas, YCWA will conduct a roving use survey using a stratified two-stage (geographic and 
temporal) probability sampling approach (Mavestuto, 1996; Pollock et al. 1996). 
 
During the survey, the YCWA’s surveyor will conduct a recreation observation survey (see 
Section 5.3.4.4) and a visitor survey (see Section 5.3.4.5) at all the recreation facilities identified 
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in Table 5.1-1 (Study Area).  The survey sample will be stratified by recreation area, type of day 
(weekdays, non-holiday weekends, and holiday weekends), and time of day.   
 
5.3.2.3.3 Timing of Sampling  
 
YCWA’s surveyors will vary the times each survey site is visited to ensure a range of visitation 
times and potential user groups over the course of the survey period.  To ensure the YCWA’s 
surveyors visit the facilities/sites at different times, the surveyors will visit each facility 
following the same circuit or route, but will start at a the next facility on the circuit for each 
successive survey day.  Table 5.3.2.3-3 provides general guidelines for visiting types of facilities 
by season. 
 
Table 5.3.2.3-3.  General guidelines for timing of sampling by facility type and season. 

Facility Type Peak Season Shoulder Season Low Season 
Boat Launches 8:00 a.m. – 1100 a.m. 9:00 a.m. – 11:00 a.m. 9:00 a.m. – 12:00 p.m. 
Campgrounds 11:00 a.m. – 7:00 p.m. 11:00 a.m. – 5:00 p.m. Facilities closed 

Boat-In Campgrounds 8:00 a.m. – 10:00 a.m. 8:00 a.m. – 10:00 a.m. Facilities closed 
Day Use Areas 11:00 a.m. – 5:00 p.m. 11:00 a.m. – 5:00 p.m. 9:00 a.m. – 12:00 p.m. 

Trailheads 11:00 a.m. – 5:00 p.m. 11:00 a.m. – 5:00 p.m. 9:00 a.m. – 12:00 p.m. 

 
 
5.3.2.4 Resident Focus Group 
 
The purpose of the focus group is to describe area residents and their recreation use in the Project 
Area; and identify future demand and/or potential unmet demand at the Project.  More 
specifically, the focus group will include, but not be limited to, the following topics:  types of 
recreation use and seasonality of residents; how residents access the Project recreation resources; 
and what if any barriers or constraints to access exist for residents; and potential recreation 
activities or facilities that are not currently available at the Project.  An example of the focus 
group topics and questions are provided in Attachment 8.1E. 
 
5.3.2.4.1 Focus Group Meetings and Participant Selection 
 
YCWA will conduct up to four focus group meetings -- including up to two focus group 
meetings each with the Camptonville and the Oregon House/Dobbins communities.  If YCWA 
and Relicensing Participants collaboratively agree to hold additional focus groups (beyond two 
meetings for each community), then YCWA will identify the number of additional meetings to 
be held.  Each focus group meeting will have no more than 10 participants.  YCWA will consult 
with Relicensing Participants to develop an initial list of potential focus group participants.  
YCWA’s researchers will make a good faith effort to reach identified individuals to attend the 
focus group meetings.   
 
5.3.2.4.2 Focus Group Meeting Process 
 
Focus groups and interviews will be semi-structured, with specific topic areas and questions 
developed for residents.  Initial questions will focus on how people use the recreation facilities in 
the Project and reservoir.  The goal is to describe the character of resident demand and identify 
recreation use of the Project. 
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Focus groups will ideally range in size from five to ten study participants, and one or two 
facilitators. The researcher/discussion-leader will pose open-ended questions to guide discussion, 
but will draw out participants with follow-up questions as needed.  The focus groups would 
ideally be scheduled after researchers have conducted fieldwork to increase opportunities for 
shared understanding about the places and issues under discussion. 
 
As with any research methodology, interviews/focus groups have strengths and weaknesses.  
They are most useful for describing consensus opinion of homogenous groups, and they allow 
participants to “brainstorm” collectively to improve the number or accuracy of ideas.  However, 
generalizing from small groups is more challenging, particularly if there is diversity within a 
group.  The extent of agreement within groups is one input into decisions about whether 
recreation opportunities and meeting recreation demands in the future. 
 
5.3.3 Step 3 – Estimate Current Recreation Use at Project Recreation Resource 

Areas 
 
YCWA will accomplish Step 3 in two parts.  First, for each recreation site, YCWA will calculate 
the average existing use levels for several recreation parameters (e.g., people, vehicles, overnight 
groups, facility occupancy) by day type (e.g., weekend, weekday, holiday), and by time of day 
(e.g., morning, afternoon) during the survey recreation season.  In addition for each Project 
recreation site or group of sites, YCWA will calculate the frequency distribution of observed 
recreation activities during the surveyed recreation season.   
 
Second, YCWA will estimate the existing annual day and overnight visits to the Project 
recreation areas in Recreation Days (RDs) by utilizing combination of use data sources that 
includes YCWA’s concessionaire records and observation surveys.  YCWA’s concessionaire 
records consists of the number of campsites reserved/occupied at each of the developed 
campgrounds.  The observation survey methods are described in Section 5.3.4.  Of note, a 
Recreation Day, as defined by FERC, equals a visit to an area for recreation purposes for any 
portion of a 24-hour period. 
 
YCWA’s approach for estimating use is described below by resource area - New Bullards Bar 
Reservoir and the Project diversion dam. 
 
5.3.3.1 New Bullards Bar Reservoir 
 
To estimate the complete recreation use at New Bullards Bar Reservoir, YCWA will estimate the 
use via four distinct types of use areas: 1) developed campgrounds, 2) undeveloped shoreline 
camping areas, 3), day use facilities (boat launches, picnic areas and trailheads) and 4) reservoir 
houseboating.  YCWA will combine each of the use estimates to get a total recreation use 
estimate for New Bullards Bar Reservoir.  YCWA will utilize the following types of use data at 
each use area. 
 
5.3.3.1.1 Developed Campground Use 
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YCWA will use the concessionaire records for the developed campgrounds, which provides the 
number of sites occupied by day type.  YCWA will then multiply the number of sites occupied 
by the average group size from the visitor survey results at the respective developed 
campgrounds (Section 5.3.4.5). 
 
5.3.3.1.2 Undeveloped Shoreline Camping Use 
 
YCWA will use the concessionaire records for the number of permits given for this type of 
overnight use.  YCWA will then multiply the number of permits by the average group size from 
the visitor survey results at the undeveloped shoreline camping areas (Section 5.3.4.5). 
 
5.3.3.1.3 Day Use Facility Use (Boat Launch, Picnic Areas and Trailheads) 
 
YCWA will use the observation survey data at the boat launch and day use facilities.  YCWA 
will multiply the average number of vehicles observed (by day type) from the observation 
surveys by the average group size from the visitor survey results at the respective boat launch 
and day use facilities (Section 5.3.4.5).  Finally, YCWA will avoid double counting visitors who 
also stayed at the overnight facilities/areas by multiplying the average number of visitors by the 
percentage of day use visitors surveyed at the respective facility. 
 
5.3.3.1.4 Reservoir Houseboating Use 
 
YCWA will calculate the level of houseboat use in two parts – rental and permanent houseboat 
use.  For the rental houseboat use, YCWA will use the concessionaire records for the number of 
rental houseboats by day type; and then multiply by the average group size from the rental 
houseboat visitor survey results (Section 5.3.4.5). 
 
For the permanent houseboat use, YCWA will use the concessionaire records for the total 
number of permitted houseboats in 2012; and multiply by 1) the average group size and 2) 
average number of days the houseboat was used from the permanent houseboat visitor survey 
results (Section 5.3.4.5).  Of note, the permanent houseboat use will be a annual total and will 
not be divided by day type since daily data is not readily available for this type of user. 
 
5.3.3.2 Project Diversion Dams 
 
At both Log Cabin and Our House diversion dams, YCWA will use observation surveys (Section 
5.3.4.4) to record the number of vehicles parked at the two sites; and then multiply by the 
average group size from the visitor survey results (Section 5.3.4.5) at each diversion dam.  The 
calculated use at both diversion dam sites will be combined to develop a total undeveloped 
recreation use estimate for the Project diversion dams.  
 
5.3.4 Step 4 – Identify Future Use and Demand Opportunities 
 
YCWA will identify the future use and demand opportunities from three perspectives: 1) 
assessing the existing unmet demand; 2) assessing future recreation demand; and 3) assessing the 
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regional uniqueness and significance of the Project recreationally.  Each of these perspectives is 
described in detail below. 
 
5.3.4.1 Existing Unmet Demand Assessment 
 
Existing recreation use does not always represent the total existing recreation demand because 
there may be constraints that limit participation.  While there are many potential constraints on 
recreation use (e.g., lack of free time, cost, geographic distance, lack of skills or equipment), a 
subset of participation constraints may be closely associated with site-specific management (e.g., 
limited access to lands or water, use limits or full occupancies at facilities, project operations that 
eliminate or diminish the quality of experiences and opportunities, or the lack of information 
about available recreation opportunities).  To assess the general level of unmet demand for the 
Project recreation resources, YCWA will perform the three tasks described below. 
 
5.3.4.1.1 Task 1 - Assess Statewide and Regional Unmet Recreation Demand Information 
 
YCWA will review and summarize relevant information from the 2007 California Public 
Attitudes Outdoor Recreation Survey (CDPR, 2007).  In addition, YCWA will contact the 
California Department of Parks and Recreation (CDPR) and request access to the raw data to 
determine if the sample size is statistically valid to be used to develop a more regional or even 
local estimate of unmet demand; and to identify potential constraints that limit participation.  If 
available, YCWA will review other sources of Project Area and Project Region demand.  The 
focus of this assessment will be to identify possible recreation activities with substantial unmet 
demand with a qualitative discussion of participation constraints and whether these constraints 
are likely affected by Project operations and maintenance. 
 
5.3.4.1.2 Task 2 - Collect Unmet Project Area Recreation Demand Information  
 
YCWA will collect additional unmet recreation demand information from Project visitors in 
YCWA’s visitor surveys and residents via the resident focus groups.  The visitor surveys and 
focus group sessions will ask visitors and residents if there are any reservoir-based recreation 
activities they are interested in participating in at the Project, but cannot because of some form of 
barrier or other existing condition. 
 
5.3.4.1.3 Task 3 - Identify Potential Activities with High Unmet Demand within the Project 

Area 
 
YCWA will identify potential activities with high unmet demand in the Project Area based on 
the review of unmet demand information derived from the CDPR, the Project visitor survey, 
Project monitoring data, and any other regional unmet demand sources (if any).  Analysis will 
also attempt to identify likely barriers or constraints on participation, and whether those are 
related to Project operations or recreation management decisions. 
 
5.3.4.2 Future Recreation Demand Assessment 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Recreation Use & Visitor Survey  
 ©2011, Yuba County Water Agency Page 23 of 28 

This element of the study will provide information regarding the projected future recreation use 
in the Project Area over the estimated period of the new License (50 years).  Obviously, 
projecting the future is a speculative activity, especially over a 50-year period.  These 
projections, though, can be useful for general planning purposes to identify potential 
management issues that may occur in the future.  This approach will include four tasks. 
 
5.3.4.2.1 Task 1 - Review Existing Recreation Use Trends 
 
Since past use often helps predict future use, YCWA will review trends of recent Project 
recreation use.  Likely sources of Project use will be: Project monitoring reports; California 
fishing license sales; off-highway vehicle (OHV) green stickers and boating vessel registrations 
(for the counties where the majority of Project visitors originate from); local fishing guide 
activity; and recreation equipment sales (where available). 
 
5.3.4.2.2 Task 2 - Review Existing Population and Recreation Activity Participation 

Projections 
 
YCWA will summarize existing information on future projections from the California 
Department of Finance on projected population growth rates of the counties where the majority 
of the Project visitors originate from.  YCWA will also research projections from other available 
sources such as the United States Department of Agriculture (USDA) Forest Service (i.e. Cordell 
1999, et al.) and other appropriate sources on future projections. 
5.3.4.2.3 Task 3 - Review Reasonably Foreseeable Events that May Influence Future Use 
 
Reasonably foreseeable events in the watersheds may reasonably be expected to influence 
recreation use in the watershed over the license period.  If an event is determined to be 
reasonably foreseeable, YCWA will make a qualitative assessment of its potential affect on 
future recreation use (if feasible).  
 
5.3.4.2.4 Task 4 - Estimate Future Recreation Use over the License Period 
 
Based on historical trends, future growth projections, and likely foreseeable actions in the 
watershed, YCWA will use professional judgment to estimate Project recreation use and facility 
utilization over the expected term of the new license (50 years).  These estimates must be 
considered very speculative and will only provide a general indication of how recreation use is 
expected to change over the license period.  For the Project recreation use estimate projection, 
YCWA will rely on the population growth rates where the majority of Project visitors reside to 
project use.  For the facility utilization projections (campgrounds and boat launch parking areas), 
YCWA will rely on the activity participation indices developed by the Forest Service for 
developed camping and motorized boating (Cordell 1999). 
 
5.3.4.3 Regional Uniqueness and Significance Assessment 
 
This component of the study will assess the regional uniqueness of the Project’s primary 
recreation opportunities in three tasks.  
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5.3.4.3.1 Task 1 - Review Results of Visitor Questionnaires 
 
YCWA will review YCWA anticipates that boating, water sports (water skiing, wakeboarding, 
etc.), camping, fishing, picnicking, and swimming will likely be among the top water-related 
recreation activities at the Project.  
 
5.3.4.3.2 Task 2 - Identify Regional Recreational Opportunities 
 
YCWA will identify the geographic draw of the Project’s top primary recreation opportunities 
identified in Task 1 above.  YCWA will assess the geographic extent of visitors’ origins and 
location of the alternative recreation resource areas where visitors participate in their primary 
recreation activities.  YCWA will identify regional alternatives for comparable facilities or areas 
from sources such as guidebooks, on-line web resources, state and national parks, BLM, Forest 
Service, and county tourism sources. 
 
5.3.4.3.3 Task 3 - Assess the Uniqueness and Significance of the Project-Related 

Recreation Opportunities 
 
First, YCWA will analyze the visitor responses to a typical survey question that asks visitors to 
rate the relative uniqueness of the project reservoir they visited.  The question has pre-set 
responses using a 5-point scale with a rating of 1 meaning the reservoir provided an “extremely 
common” opportunity and a rating of 5 meaning the reservoir provided an “extremely unique” 
opportunity.  Based on the average responses, YCWA will categorize the relative uniqueness of 
the Project using the following categories. 
 
 Rating of 1.0 = extremely common 

 Rating of 1.1 to 2.0 = common 

 Rating of 2.1 to 3.0 = somewhat common 

 Rating of 3.1 to 4.0 = somewhat unique 

 Rating of 4.1 to 4.9 = unique 

 Rating of 5.0 = extremely unique 
 
Second, for the Project’s most popular primary recreation activities, YCWA will identify if these 
recreation opportunities are of local, regional or state significance.  YCWA will determine the 
level of significance based on the county where visitors reside based on the following 
definitions. 
 Local Significance: visitors from Yuba County (where the Project resides) 

 Regional Significance: visitors from Sutter, Placer, Butte, Plumas, Sierra and Nevada 
counties (the counties surrounding Yuba County) 

 State-Wide Significance: visitors from all other counties outside of the local and regional 
counties. 

 
In addition, text will describe what is unique and special about the most popular recreation 
opportunities based on the comments provided by the visitors. 
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5.3.5 Step 5 – Evaluation of the Functional Periods of the Project Developed Boat 

Ramps 
 
In this step, YCWA will identify the functional periods of the Project’s two developed boat 
ramps at Cottage Creek and Dark Day boat launch facilities.  First, YCWA will identify the 
constructed top and lower end of the two boat ramps to determine the functional water surface 
elevation (WSE) range of each boat ramp.  A boat ramp is considered functional from the 
constructed top of the boat ramp down to 3 feet above the lower end of the constructed ramp per 
the California Department of Boating and Waterways (DBAW) design guidelines (CDBAW 
1991).  Second, YCWA will compare the daily median reservoir WSE for the period of record 
(1970 – 2008) by water year type against the functional WSE range of each ramp to identify the 
periods of the recreation season (year-round) that the boat ramps are functional.  In addition, 
YCWA will include in this comparison the typical open and close dates of the boat launch 
facilities.  The output of this evaluation will be tables and/or figures that identify the functional 
periods for each ramp by water year type (as agreed to by YCWA and Relicensing Participants). 
 
5.3.6 Step 6 – Data Entry and QA/QC Review of Data 
 
Following data collection, YCWA will enter the raw data into a statistical database program 
(SPSS 14.0) that will allow visitor survey responses to be analyzed, taking an “opportunity 
perspective” by grouping users who are doing similar activities at Project recreation sites/areas.  
Survey responses will be coded, edited and entered for analysis through a separate effort (Step 
7).   YCWA will subject all visitor and observation survey data to quality assurance/quality 
control (QA/QC) procedures including, but not limited to: 1) spot-checking visitor/observation 
surveys to be sure errors were not made during data entry; and 2) reviewing the visitor and 
observation survey databases for completeness/anomalous data.  YCWA will conduct these 
QA/QC procedures both manually by YCWA staff and electronically using the SPSS program, 
which has the ability to sort through large quantities of data.  If any datum seems inconsistent 
during the QA/QC procedure, YCWA will investigate the problem by going back to the source 
questionnaire or data form.  Values that are determined to be anomalous will be removed from 
the database if the reason for the values cannot be identified. 
 
5.3.7 Step 7 – Data Analysis and Report Preparation 
 
5.3.7.1 Data Analysis 
 
The survey responses should provide a rich source of information about visitor use patterns, 
characteristics, preferences, and perceptions.  Following data entry and comprehensive QA/QC 
procedures, YCWA will address the study objectives and issues through analysis of the 
responses to questionnaires and observation data.  Descriptive statistics will be employed to 
explain visitor responses to each of the survey questions.  Survey data will be analyzed and 
reported by the two Project resource areas including New Bullards Bar Reservoir and the Project 
diversion dams (Our House and Log Cabin).  In addition, YCWA will then analyze and report 
each of these resource areas by day use and overnight visitors.  YCWA will code/categorize the 
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survey data to allow for the following potential variables on a case-by-case basis to check for 
differences between various recreation groups. 
 Seasonality (e.g., peak, shoulder, and low seasons) 

 Developed facility users 

 Dispersed users 

 User groups defined by primary recreation activity (i.e., boaters, anglers, hikers, backpackers, 
bicyclers, etc.) 

 Resident (identified by zip code 95922, 95925, 95935, 95960, 95962) versus non-resident 

 
For houseboat owners and renters, since the study methods will survey the population and not a 
sample of the population, the houseboat owners and renters will be analyzed separately from the 
other visitor survey results.   
 
Within the analysis, YCWA will check for non-response bias through demographics and visitor 
behavior variables.  Observation use data will address the types and frequency of use occurring 
within each project recreation resource area.   
 
YCWA will provide the raw data to Relicensing Participants in both SPSS and Microsoft Excel 
format.6 
 
5.3.7.2 Report Preparation 
 
YCWA will synthesize the data collected and analyzed into a study report at the conclusion of 
the study, which will include summary data in tables, attachments and/or appendices; and be 
further summarized in narrative form.   Specifically, the report will include the following 
sections: 1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) 
Description of Variances from the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will provide the agencies with a schedule of survey dates and will invite agency 

representation into the field during the surveys and impact evaluations and assessments. 

 YCWA will consult with Relicensing Participants to develop an initial list of potential focus 
group participants. 

 YCWA will consult with Relicensing Participants by July 16, 2012 on the status of visitor 
survey data collection relative to the target number of surveys and determine if survey data 
collection needs to be augmented to meet the targets. 

 

                                                           
6  Queries of the database are not part of the study. However, YCWA is willing to make a reasonable number of queries to the 

database as provided by the Relicensing Participants. 
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7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Facility, Trail, Road, and Water System Evaluations ........................ October 2011 – October 2012 
Dispersed Shoreline Recreation Use Evaluation ........................... September 2012 – October 2012 
Survey Planning, Field Training/Logistics, Survey Pre-test ........................................ October 2011 
Observation and Visitor Surveys ................................................... November 2011 – October 2012 
Resident Focus Groups .................................................................. October 2011 – September 2012 
Data Entry and QA/QC Review ..................................................... October 2011 – November 2012 
Data Analysis/Prepare Report .......................................................... November 2012 – March 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
YCWA’s methodology for planning, implementing, and analyzing visitor surveys is consistent 
with professional practice (Salant and Dillman, 2000; Watson et al., 2000).  In addition, YCWA 
will be implementing professional accepted survey practices for contacting visitors and choosing 
sample sizes (Dillman, 2000).  Assessing existing recreation use through a combination of 
observation and questionnaire surveys is a common practice for large geographic areas that 
contain multiple accesses to desired recreation use areas (Malvestuto 1996, Pollock et al. 1994, 
Watson et al. 2000, USDA Forest Service 1995).  In addition, assessing future recreation demand 
through an evaluation of existing use, demographic data and participation trends and projections 
in the region is common practice (Kelly & Warnick, 1999).  Furthermore, these methodologies 
were also utilized as part of the relicensing process for the Upper American River Project, South 
Feather Power Project, DeSabla-Centerville Project, Yuba-Bear Hydroelectric Project, and 
Drum-Spaulding Project. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $375,000 and 
$505,000. 
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Table A1.  Summary of recreation facilities and amenities (excluding recreational trails) for the Yuba River Development Project.  

Recreation Facility Fee Manager 
Land 

Owner 

Campsites 
Picnic 
Sites 

Boat Ramp Parking Spaces Restrooms 
Trail-
head Type Total Single Double Triple Group No. Lanes Total Single Double Total Vault Flush 

Float-
ing 

NEW BULLARDS BAR RESERVOIR 

Schoolhouse 
Campground 

Yes USFS USFS 
tent/ 
RV 

56 44 12 0 0 0 0 0 0 0 0 5 1 4 0 Yes 

Hornswoggle Group 
Campground 

Yes USFS USFS 
tent/ 
RV 

6 0 0 0 6 0 0 0 0 0 0 4 2 2 0 No 

Dark Day 
Campground 

Yes USFS USFS tent 10 6 3 1 0 0 0 0 55 0 55 3 3 0 0 Yes 

Dark Day  
Picnic Area 

No USFS USFS -- 0 0 0 0 0 14 0 0 13 13 0 1 1 0 0 No 

Dark Day Boat 
Launch 

No USFS USFS -- 0 0 0 0 0 0  1 2-3 174 54 120 2 2 0 0 No 

Garden Point Boat-In 
Campground 

Yes USFS USFS tent 16 12 4 0 0 0 0 0 0 0 0 4 4 0 0 No 

Madrone Cove Boat-
In Campground 

Yes USFS YCWA tent 10 10 0 0 0 0 0 0 0 0 0 2 2 0 0 No 

Cottage Creek 
Campground 

Yes USFS USFS tent 30 30 0 0 0 3 0 0 0 0 0 0 TBD TBD 0 No 

Cottage Creek Group 
Campground 

Yes USFS USFS 
tent/ 
RV 

0 0 0 0 TBD 0 0 0 0 TBD TBD 0 TBD TBD 0 No 

Cottage Creek  
Boat Launch 

No USFS YCWA -- 0 0 0 0 0 0 1 2 93 37 56 2 2 0 0 No 

Emerald Cove 
Marina 

No YCWA YCWA -- 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 No 

Burnt Bridge 
Campground 

-- USFS USFS tent 0 TBD TBD TBD TBD TBD TBD TBD 0 0 0 0 TBD TBD 0 No 

Sunset Vista 
Overlook 

No USFS USFS -- 0 0 0 0 0 1 0 0 20 20 0 1 1 0 0 Yes 

Dam Overlook No USFS YCWA -- 0 0 0 0 0 0 0 0 24 24 0 0 0 0 0 No 

Moran Road  
Day Use 

No USFS USFS -- 0 0 0 0 0 0 0 0 8 8 0 1 1 0 0 No 

Reservoir  
Water Surface 

No USFS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 -- 

Total -- -- -- -- 128 102 19 1 6 18 2 2 387 156 231 26 19 6 6 -- 

DIVERSION DAMS 

Log Cabin  
Diversion Dam 

No -- USFS -- 0 0 0 0 0 0 0 0 informal 0 0 0 0 No 

Our House  
Diversion Dam 

No -- USFS -- 0 0 0 0 0 0 0 0 informal 0 0 0 0 No 
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Table A2.  Summary of Project recreational trails for the Yuba River Development Project. 

Resource Area Trail Name 
Length 
(miles) 

Start Location End Location Trailhead Location(s) 

New Bullards 
Bar Reservoir 

Bullards Bar Trail 14.0 Sunset Vista Overlook Old Camptonville Road 
 Sunset Vista Overlook 
 Dark Day Picnic Area 
 Old Camptonville Road 

Schoolhouse Trail 0.7 Schoolhouse Campground Bullards Bar Trail  Schoolhouse Campground 

Seven Ball Trail 1.0 Paved road off Marysville Road Bullards Bar Trail  Paved road off Marysville Road (1.5 mi. from Highway 49) 

Eight Ball Trail 3.8 Marysville Road 7 Ball Trail 

 Schoolhouse Campground 
 Dark Day access road 
 7 Ball Trail 
 Marysville Road 

Rebel Ridge Trail 1.6 Marysville Road Bullards Bar Trail  Marysville Road (0.5 mi. from Highway 49) 

Camptonville Road Trail ~1.0  Old Camptonville Road Old Camptonville Road  Old Camptonville Road (0.5 mi. from Highway 49 and 
Marysville Road) 
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Project Recreation Facility Descriptions 
 

1.0 New Bullards Bar Reservoir  
 
1.1 Campgrounds 
 
1.1.1 Dark Day Campground  
 
Dark Day Campground is located approximately 4 miles from the New Bullards Bar Dam via 
Marysville Road and Dark Day Road on the southeast shoreline of the Willow Creek arm of the 
reservoir.  The facility is approximately 0.2 mile from the reservoir shoreline.  The campground 
complex has 10 campsites for tent camping only, with 6 single sites, 3 double sites, and 1 triple 
site.  The single sites have a picnic table, cooking grill/fire ring, and vehicle parking spur with a 
capacity of 6 people and 1 vehicle for $22 per night.  The double sites have 2 picnic tables, a 
cooking grill/fire ring, and vehicle parking spur with a capacity of 12 people and 2 vehicles for 
$44 per night.  The triple site has 3 picnic tables, a cooking grill/fire ring, and vehicle parking 
spur with a capacity of 18 people and 3 vehicles for $66 per night.  None of the sites are 
designed to be accessible for persons with disabilities.  The campground has 3 vault restroom 
buildings and 3 water faucets.  A short trail from the campground leads to the adjacent boat 
launch facility.  Reservations are available.  This campground formerly was the Dark Day Picnic 
Area (sites 1 through 16).  TNF converted the picnic sites into a walk-in tent campground in 
1990 (YCWA 1993). 
 
1.1.2 Schoolhouse Campground 
 
Schoolhouse Campground is located across Marysville Road across from the Hornswoggle 
Group Campground.  The campground is approximately 0.5 mile from the reservoir shoreline on 
NFS land.  The campground has 56 campsites, which includes 44 single sites for a maximum of 
6 people and 2 vehicles for $22 per night; and 12 double sites for a maximum of 12 people and 4 
vehicles for $44 per night.  Four of the single sites are designed to be accessible for  persons with 
disabilities.  The campground has 4 flush restroom buildings, 1 vault restroom, 13 water faucets, 
and an overflow parking area.  The campground does not have any RV hookups or a dump 
station.  The campground was originally designed and intended for tent camping and smaller, 
trailer-towing vehicles; however, the campground was redesigned in the 1990s to accommodate 
RVs, campers, and trailers.  Reservations are available by phone through Emerald Cove Marina.   
  
The campground also has a trailhead for the 1.0-mile Schoolhouse Trail, which connects to the 
14.0-mile Bullards Bar Trail.  In addition, the 8 Ball Trail passes through the campground and 
leads to Dark Day Campground.   
 
1.1.3 Hornswoggle Group Campground 
 
Hornswoggle Group Campground is located on Marysville Road 2.5 miles north of the New 
Bullards Bar Dam, and 3.3 miles south of the Highway 49 junction.  The facility is 
approximately 0.6 mile from the southeast shoreline of the reservoir on NFS land.  The facility 
consists of 6 group camping areas (described in detail below) with 5 campsites that 
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accommodate up to 25 people-at-one-time (PAOT) ($80 per night), and 1 group campsite that 
accommodates up to 50 PAOT ($140 per night).  The campground has 2 flush restroom 
buildings, 2 vault restroom buildings, 11 water faucets, and 6 parking areas.  Reservations are 
available by phone through Emerald Cove Marina.   
 
1.1.3.1 Site No. 1 - Dogwood   
 
Dogwood's main camping area has a capacity of 25 PAOT, or 5 RVs or campers.  In all, the site 
includes 5 picnic tables, 2 cooking grills, 4 bear-proof lockers and shares the 4-unit flush 
restroom facility with the Manzanita group site (Site No. 3).  The restroom building has a 
women's side (2 sinks and 2 toilets) and a men's sied (2 sinks, a toilet, and a urinal). 
 
1.1.3.2 Site No. 2 - Sugarpine 
 
Sugarpine's main camp area has a capacity of 25 PAOT.  The site includes 4 picnic tables, 2 
preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  The site also has one 2-unit 
vault restroom facility with a men’s and women’s stall. 
 
1.1.3.3 Site No. 3 - Manzanita 
 
Manzanita's main camp area is large with ample sites for tents for up to 50 PAOT.  The site 
includes 8 picnic tables, 2 food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  
The site shares the 4-unit flush restroom with the Dogwood group site (Site No. 1), which has a 
women’s side (2 sinks and 2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.4 Site No. 4 - Ponderosa 
 
Ponderosa's main camp area has a capacity of 25 PAOT.  The site includes 4 picnic tables, 2 
food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  This site shares the 4-unit 
flush restroom with the Madrone group site (Site No. 5), which has a women’s side (2 sinks and 
2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.5 Site No. 5 - Madrone 
 
 The Madrone site has a capacity of 25 PAOT.  This site has a large parking area, and is the most 
secluded of the 6 group sites at Hornswoggle Campground.  The site includes 4 picnic tables, 2 
food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  This site shares the 4-unit 
flush restroom with the Ponderosa group site (Site No. 4), which has a women’s side (2 sinks and 
2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.6 Site No. 6 - Douglas Fir 
 
Douglas Fir's main camp area has a capacity of 25 PAOT in a flat, open and well-shaded/forested 
area.  The site includes 4 picnic tables, 2 food preparation tables, 1 grill/fire ring unit, and 4 bear-
proof lockers.  This site has one 1-unit vault restroom building. 
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1.1.4 Garden Point Boat-In Campground 
 
The Garden Point Boat-In Campground is accessed by boat only and is located on a peninsula on 
the north side of the reservoir at the junction between the North Yuba River and Willow Creek 
arms of the reservoir on NFS land.  The campground is approximately 3.0 miles by boat from the 
Cottage Creek Boat Launch, and 1.5 miles from the Dark Day Boat Launch.  Boat-in access is 
preferred on the south facing shoreline. 
  
The campground has 16 campsites, which includes 12 single sites (maximum of 6 people for $22 
per night) and 4 double sites (maximum of 12 people for $44 per night).  The single sites consist 
of a picnic table, a fire ring, and Klondike stove, the double sites consist of 2 picnic tables, a fire 
ring, and Klondike stove.  None of the sites are designed to be accessible for persons with 
disabilities.  The campground has 4 vault restroom buildings and no water is available at the 
campground.  Reservations are available by phone through Emerald Cove Marina. 
 
1.1.5 Madrone Cove Boat-In Campground 
 
The Madrone Cove Campground is accessed by boat only and is located along the west shore of 
the North Yuba River arm of the reservoir on YCWA-owned land.  By boat, the campground is 
approximately 7.5 miles from the Cottage Creek Boat Launch and 6.0 miles from the Dark Day 
Boat Launch.  The campground has 10 single campsites (maximum of 6 people per site for $22 
per night).  Each site consists of a picnic table, fire ring, and Klondike stove.  None of the sites 
are designed to be accessible for persons with disabilities.  The campground has 2 vault restroom 
buildings and no water is available at the campground.  Reservations are available by phone 
through Emerald Cove Marina. 
 
1.1.6 Cottage Creek Campground 
 
This facility is located off of County Road 169 approximately 0.5 mile from its intersection with 
Marysville Road near the dam.  This facility consists of 30 single campsites, 3 picnic sites, and 1 
two-unit vault restroom building.  The facility is used for overflow camping. 
 
1.1.7 Cottage Creek Group Campground 
 
 This facility is located off of County Road 169 approximately 0.5 mile from its intersection with 
Marysville Road near the dam.  This facility consists of  a group campsite and shares the two-
unit vault  restroom building with Cottage Creek Campground.   The facility is used for overflow 
camping. 
 
1.1.8 Burnt Bridge Campground 
 
Burnt Bridge Campground was located off Oregon Hill Road on NFS land.  This campground 
was closed by the Tahoe National Forest (TNF) in 1979 due to low use levels.  The TNF briefly 
re-opened the campground on a trial basis, but use was once again too low to justify keeping it 
open.  At present, the campground remains closed to all public uses and the access road is gated.   
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1.2 Boat Launches 
 
1.2.1 Cottage Creek Boat Launch 
 
Cottage Creek Boat Launch is located on YCWA-owned land along the southwest corner of the 
reservoir off County Road 169 approximately 0.1 mile from its intersection with Marysville 
Road.  The launch ramp facility consists of a 900-foot long 2-lane concrete launch ramp, two 2-
unit vault restroom buildings, and a parking area with 56 double spaces for vehicles with trailers 
and 37 additional spaces for either a vehicle only, trailer only, or vehicle with a trailer.  The 
existing layout at Cottage Creek Boat Launch is due in part to the upgrades in 2005 completed 
by California Department of Boating and Waterways (CDBAW) through a grant from the 
CDBAW Boat Launching Facility Grant Program.  The 2005 upgrades included the installation 
of the two 2-unit vault restroom buildings (designed to current accessibility standards), a boat 
ramp walkway, and a parking area expansion.  
 
1.2.2 Emerald Cove Marina 
 
The Emerald Cove facility is located on New Bullards Bar Reservoir at the Cottage Creek Boat 
Launch facility.  The facility consists of a marina, floating general store, and a floating restroom 
building.  The Emerald Cove Marina provides overnight boat slips and mooring buoys, gasoline 
pumps, and a floating dump station for houseboat sanitation systems.  In addition, the marina 
provides marine-related repair and maintenance services for nearly any watercraft from complete 
engine overhauls to cosmetic repairs, including 24-hour emergency watercraft calls/service.  In 
addition, the marina has a variety of boat rentals including luxury houseboats, powerboats, 
pontoon boats, and personal watercraft/wave runners.  The general store provides groceries and 
general supplies to the public.  
 
1.2.3 Dark Day Boat Launch 
 
The Dark Day Boat Launch facility is located on Dark Day Road.  The facility has a 2-lane 
concrete boat ramp (3-lane concrete boat ramp initially) with a 60-foot floating boat dock, two 
vault toilets (4-unit and 2-unit), 1 picnic table, and an upper and lower parking area with 120 
double spaces and 54 single spaces.  The existing layout at Dark Day Boat Launch is due in part 
to the upgrades funded by the California Department of Boating and Waterways (CDBAW) Boat 
Launching Facility Grant Program.  The upgrade added an upper parking area with a 2-unit vault 
restroom, and an accessible boat loading ramp with parking at the lower parking area. 
 
1.3 Day Use Areas 
 
1.3.1 Dark Day Picnic Area 
 
The Dark Day Picnic Area is located adjacent to Dark Day Campground.  The picnic area 
consists of 14 picnic sites, each with a picnic table and cooking grill/fire ring.  The day use area 
also has 1 vault restroom, 3 water faucets, and 1 parking area for 13 vehicles.  A trailhead for the 
Bullards Bar Trail is located in the parking area.   
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1.3.2 Sunset Vista Point 
 
This scenic overlook is located near the southeast corner of the reservoir approximately 1.0 mile 
east of New Bullards Bar Dam via Marysville Road and Vista Point Road.  The facility consists 
of one 2-unit vault restroom, 1 picnic table, and a parking area for 20 vehicles.  The facility also 
serves as a trailhead for the Bullards Bar Trail. 
 
1.3.3 Dam Overlook 
 
The Dam Overlook is located at the southeast corner of New Bullards Bar Dam on Marysville 
Road on YCWA-owned land.  The facility consists of a gravel parking area for approximately 24 
vehicles and an interpretive plaque related to the construction of the dam/Project. 
 
1.3.4 Moran Road Day Use Area 
 
The Moran Road Day Use Area is located on the west shoreline of New Bullards Bar Reservoir 
at Moran Cove on NFS land.  The day use area is accessible by vehicle 6.4 miles from the Town 
of Challenge via Oregon Hill Road and Moran Road.  The rustic developed facility consists of a 
gravel parking area for up to eight vehicles, vault restroom, trash receptacles, bulletin board, and 
a car top boat launch.  Vehicle access is restricted by a gate, which requires the public to access 
the reservoir shoreline by hiking to the water's edge.   
 
1.4 Trails 
 
1.4.1 Bullards Bar Trail (14.0 mi) 
 
The Bullards Bar Trail is a non-motorized, multi-use trail offering an easy, relatively level, and 
scenic route along the shoreline of the reservoir from the Sunset Vista Point near the dam up to 
Old Camptonville Road.  The non-motorized, multi-use trail is located within the existing FERC 
Project Boundary, except for the eastern end of the trail (approximately 1.5 mi) which extends 
beyond the FERC Project Boundary along Willow Creek, where it ends at Old Camptonville 
Road.  The trailhead, including parking, is located at the Sunset Vista Point day use area.  The 
trail is located on NFS and YCWA-owned land and is managed by the Forest Service.   
 
1.4.2 Schoolhouse Trail (0.7 mi) 
 
The Schoolhouse Trail is a non-motorized, multi-use trail that descends approximately 250 ft 
rapidly to the Bullards Bar Trail along an old heavily shaded road bed.  The trailhead including 
parking is located at the Schoolhouse Campground near campsite 13.  The entire trail is located 
on NFS within the existing FERC Project Boundary land and is managed by the Forest Service.   
 
1.4.3 7 Ball Trail (1.0 mi) 
 
The 7 Ball Trail is a non-motorized, multi-use trail that descends 400 ft to the Bullards Bar Trail 
on NFS land.  The trailhead is located off the paved road that intersects Marysville Road 1.5 and 
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1.9 miles from the junction with Highway 49.  The trail is located outside the existing FERC 
Project Boundary on NFS land and is managed by the Forest Service. 
 
1.4.4 8 Ball Trail (3.8 mi) 
 
The 8 Ball Trail is a non-motorized, multi-use trail and an alternative to walking or riding on 
Marysville Road.  The 8 Ball Trail connects the Rebel Ridge, 7 Ball and Schoolhouse trails to 
make several loop routes possible with the Bullards Bar Trail.  The trail winds through dense 
forest and open scrub brush areas paralleling Marysville Road.  The trailheads are all located on 
NFS land at the junction with the 7 Ball Trail, at Marysville Road just before the access road to 
Schoolhouse Campground, at Schoolhouse Campground and at Dark Day Road.  The trail is 
located outside the existing FERC Project Boundary on NFS land and is managed by the Forest 
Service. 
 
1.4.5 Rebel Ridge Trail (1.6 mi) 
 
The Rebel Ridge Trail is a non-motorized, multi-use trail that descends nearly 500 ft through the 
forest and connects to the Bullards Bar and 7 Ball trails.  The trailhead including parking is 
located approximately 0.6 mile from the intersection of Highway 49 and Marysville Road.  The 
trail is located outside the existing FERC Project Boundary on NFS land and is managed by the 
Forest Service. 
 
1.4.6 Old Camptonville Road Trail (approx. 1.0 mi) 
 
The Old Camptonville Road Trail is a non-motorized, multi-use trail that parallels Old 
Camptonville Road and connects to the Bullards Bar Trail.  The trailheads are located on Old 
Camptonville Road approximately 0.5 mile from the intersection of Highway 49 and Marysville 
Road.  The trail is located outside the existing FERC Project Boundary on NFS land and is 
managed by the Forest Service. 
 
2.0 Project Diversion Dams 
 
2.1 Our House Diversion Dam 
 
The Our House Diversion Dam impoundment provides undeveloped day use recreation 
opportunities.  The site is located on NFS land along the Middle Yuba River (river mile or RM 
12.0) and does not have any developed recreation facilities.  Vehicle access to the diversion dam 
occurs via Highway 49 to Ridge Road and then 1.8 miles along the paved Our House Dam Road.  
Informal parking is available at the end of the Our House Dam Road, where visitors have foot 
access to the shoreline. 
 
2.2 Log Cabin Diversion Dam 
 
The Log Cabin Diversion Dam impoundment provides undeveloped day use recreation 
opportunities.  The site is located on NFS land along Oregon Creek (RM 4.1) and does not have 
any developed recreation facilities.  YCWA, with the permission of the Forest Service, has 
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installed and keeps locked a vehicular gate on NFS land at the start of Log Cabin Road at 
Highway 49.  Vehicle access to the diversion dam is restricted.  Visitors may park  their vehicles 
along the shoulder of Highway 49 and hike into the diversion dam.  
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Facility Inventory and Condition Form Example 
(The study form will utilize the data fields from the attached Forest Service condition and inventory form) 
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Draft Recreation Use Impact Evaluation Form  
 

SECTION A – FOR ALL RECREATION SITES 
Facility Name of the Facility  
Site Name Specific Site Name/Number  
Site Type Day use or overnight site? 1.  Day Use     2.  Overnight  
Overnight Type If overnight, what type of site? 1.  Single    2. Double    3. Triple    4. Group    5. Boat-In     6. Shoreline 
Litter In general, how much litter is found at this site? 1.  Trace amounts: less than a handful or none 

2.  Small: about a handful 
3.  Medium: about a bucketful 
4.  Large: about a 33 gallon garbage bag full 
5.  Excessive: over one garbage bag full 

Dump Does this site get used as a dump (not just litter 
from camping)? 

1.  No, rarely  
2.  Yes, sometimes (large items such as cars, beds, etc. in evidence) 

Tree cutting Does the site show signs of tree cutting for 
firewood? 

1.  Low: few signs 
2.  Medium: some signs, especially lower branches of live trees 
3.  High: many signs, including excessive cutting of live trees 

Access Barriers Are there management- placed barriers to 
prevent vehicle access to parts of the site & 
have people moved the barriers? 

1.  No barriers placed there 
2.  Barriers there & have not been moved 
3.  Barriers have been moved 

Fire rings/ vegetation 
clearances 

How many fires rings do not have appropriate 
vegetation clearing? 

Report # of fire rings that to do not have 8 to 10 feet vertical & 5 feet horizontal 
vegetation clearance: 

Vegetation  What is dominant vegetation type at site? Report % vegetation types: Forest_____ Meadow_____ Riparian_____ Other_____ 
Soil What is the dominant soil type at the site? Report the % of soil type: Sandy____Clay_____Rock_____Other____________ 

Comment on drainage: 
Shade Does the site have good shade from rocks or 

trees? 
1.  Low: few trees or rocks with shade  
2.  Medium: some shade trees/rocks for some parts of the day 
3.  High: many trees/rocks that offer shade through entire day. 

Screening Does the site screen groups from each other? 0.  Not applicable: single site (not cluster) 
1.  Low: virtually no screening between sites 
2.  Medium: some screening 
3.  High: extensive screening 

Reservoir views Does the site have views of the reservoir? 1.  Poor or no views. 
2.  Some views, but not high quality 
3.  High quality views. 

Landscape views Does the site offer views of the surrounding 
landscape? 

1.  Poor or no views. 
2.  Some views, but not high quality 
3.  High quality views. 

Reservoir proximity Is the site on or off the reservoir? 1.  < 100 feet 
2.  100 to 200 feet 
3.  > 200 feet 

Reservoir accessibility Is the reservoir easy to access from the site? 1. Easy: <20’ above reservoir, obvious trail, shorter trail (<100’), not too steep. 
2. Medium difficulty: over 20’ above reservoir less obvious trail, narrower trail, some 
switchbacks, some scrambling over talus, some poison oak. 
3. Hard: >200’ above reservoir; less obvious trail; extensive scrambling; poison oak 

Creeks Is the site close to other creeks or springs? 1.  < 100 feet 
2.  100 to 200 feet 
3.  > 200 feet 

Hiking Trail Type Is the trail developed or user-created? 1.  Developed trail 
2.  User-created trail 

Hiking Trail Lengths Length of trail (feet)?  
ORV Does the site show signs of nearby ORV use? 1.  No     2.  Yes 
Bare ground  Does the site show signs of extensive use & 

loss of ground vegetation? 
1.  Low: small areas around fire rings & tent sites 
2.  Medium: large areas around fire rings & tent sites  
3.  Large: large contiguous areas & multiple trails to satellite use areas 

Erosion  Does the site show signs of erosion? 1.  None 
2.  Low: nominal signs of erosion 
3.  Medium: visible signs of erosion/steep slopes 
3.  High: large contiguous areas of erosion on steep slopes 

Tent availability Does the site have good places for tents? 1.  Poor: few, small, low quality 
2.  Fair: more than one, better quality        Total # of Tent Pads: _____ 
3.  Good: more than two sites with flat, unbrushy areas 

White Flowers #  of “White Flowers” present (toilet paper)?  
Human Waste Does the site show signs of human waste? 1.  No      2.  Yes 
Adapted from Whittaker & Shelby (2001) 
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SECTION B – FOR DISPERSED SITES ONLY 

VARIABLE NAME QUESTION RESPONSE CHOICES 

Site Type What type of site is it? 1.  Single site 
2.  Cluster site : 
►Max. No. Groups: ______  Typical No. Groups: ______   

Use Is the site currently used? 1.  Yes, but rarely 
2.  Commonly used 

Access  Is the site primarily accessible by the road, a 
trail, or by the reservoir? 

1.  Road (within 50 feet) 
2.  Trail from road (and reservoir) 
3.  From the reservoir 

Existing parking spaces How many vehicle places are available at the 
site (or at access to the site)? No. of obviously used parking spaces (if distinct): _______ 

If not distinct parking spaces, then report one of the following: 
1.  Indistinct areas that could accommodate less than 7 vehicles 
2.  Indistinct area could accommodate more than 7 
3.  No parking associated with the site or you don’t know.  

Squatter Use Is the site used for long term camping (over 14 
days at one time)? 

1.  Rarely or never used by squatters 
2.  Occasionally used by squatters 
3.  Commonly used by squatters 

Existing camp use How many parties appear to be able to use the 
site at one time?  

Report # of fire rings that appear separate but “active” in a cluster.   
Report 1 if the site is a single site. 

Use Impact Area (North-South x East-West): 
 

Comments (i.e. user impacts, sensitive areas, general observations, etc.): 

Site Diagram: 

Adapted from Whittaker & Shelby (2001) 
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DRAFT HOUSEBOAT SURVEY  
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Resident Focus Group 
DRAFT Topics and Questions 

 
Resident History 
[Option: provide participants with a form with these questions to complete prior to starting the 
group discussions] 
1. Please identify the town you reside in? 
2. Is it a full-time or part-time residence?   
3. If part-time, how many months do you spend at this residence in a year, on average? 
4. How many years have you owned a home/resided in the area? 
 
NBBR Recreational Activities and Access 
5. How many years have you been visiting NBBR? 
6. What types of outdoor recreation activities do you engage in at NBBR? 
7. Where do you engage in these recreation activities? 
 Facilities? 
 Other areas/shoreline (identify on a map)? 

8. In general, how many days per year do you spend recreating outdoors at NBBR (hiking, 
fishing, tubing, boating, picnicking)?  

9. In general, what season do you visit NBBR? (summer, shoulder, non-peak) 
10. What season do you visit NBBR most often? (summer, shoulder, non-peak) 
11. Have any of you recreated at NBBR and then stopped recreating there for any reason?   
 If yes, what are the reasons you have stopped visiting NBBR? 

12. Are there any constraints to any outdoor recreation activities you would like to participate in 
at NBBR?   
 Is so, please tell us what kinds of constraints you have found that have prevented you from 

engaging in your activity?   
 Do you have any potential solutions to these constraints? 

 
NBBR Shoreline Access 
Tell us about access to NBBR shoreline outside of the facilities?  
13. Identify where visitors are typically accessing the NBBR shoreline (Identify on a map)?   
14. How do you access these areas (roads, trails, etc.) (Identify on a map)? 
15. Are there any constraints to accessing the NBBR shoreline?   
 If so, please tell us what kinds of constraints you have found that have prevented you from 

accessing the NBBR shoreline?   
 Do you have any potential solutions to these constraints? 

16. Rate overall access quality to the NBBR shoreline (1=totally unacceptable, 2=slightly 
unacceptable, 3=marginal, 4=slightly acceptable, 5=totally acceptable) 
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River Reach Recreational Activities and Access 
17. Which of the study reaches do you visit for recreational activities?  [Oregon Creek, Middle 

Yuba River, North Yuba River, or Yuba River] 

The remaining section questions will be separate by study reach 

18. What types of outdoor recreation activities do you engage in on these rivers? 
19. Does the flow in the river effect your decision to recreate on these rivers? 
 If so, how do you find out the flow level? 

20. Does you participate in certain activities at certain flow levels? 
 If so, what are the activities and the flow levels for each?  

21. In general, how many days per year do you spend outdoor recreating (hiking, fishing, tubing, 
boating, and picnicking) on these river reaches?  

22. In general, what season do you visit these rivers (summer, shoulder, non-peak)?  
23. What season do you visit these rivers most often (summer, shoulder, non-peak)? 
24. Have any of you recreated along these rivers and then stopped recreating there for any 

reason?   
 If yes, what are the reasons you have stopped visiting these rivers? 

25. Are there any constraints to any outdoor recreation activities you would like to participate in 
on these river reaches?   
 If so, please tell us what kinds of constraints you have found that have prevented you from 

engaging in your activity?   
 Do you have any potential solutions to these constraints? 

 
Trends, Issues, and Conflicts 
26. Are there outdoor recreational activities that take place at New Bullards Bar Reservoir and 

the affected stream reaches that have changed over the years?   
 If so what are these and how have they changed?  [Be as specific as possible about use 

levels and trends] 
27. Do you feel there are adequate opportunities for outdoor recreation in the Project Area?   
 If not, what is missing? 

28. What types of outdoor recreation activities do you enjoy most in the Project Area? 
29. How often do you engage in each type of outdoor recreation activity?  
30. Have you changed your recreation behavior (time you visit, where you go to recreate, etc.) 

for any reason over the years?  If so, how? 
31. Are there any areas within the Project Area where you have safety concerns?   
 If so, where and what types of concerns do you have? 
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Study 8.2 

RECREATION FLOW 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
whitewater boating and angling opportunities.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that three agencies have jurisdiction over recreation in the geographic area 
included in this study proposal: 1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
National Parks Service (NPS); and 3) California Department of Fish and Game (CDFG).  Each 
of these agencies and their jurisdiction and management direction, as understood by YCWA at 
this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.   
 
NPS 
NPS’s jurisdiction and goals are described by the NPS in the NPS’s March 4, 2011 letter to 
FERC providing the NPS’s comments on YCWA’s PAD.  NPS’s jurisdiction and management 
goals are not repeated here. 
     
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Section 7.8.3 (Recreation Facilities and Opportunities in the Project-Affected River Reaches) of 
YCWA’s Pre-Application Document (YCWA 2010) provides a summary of the existing 
whitewater boating information on the river reaches affected by the Project.  Specifically, in 
2008, YCWA conducted the New Bullards Bar Dam Whitewater Boating Study on November 8 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Recreation Flow Revised Study Plan August 2011 
Page 2 of 14 ©2011, Yuba County Water Agency  
 

and 9.  Results of this study determined the acceptable flow range for whitewater boating, 
primarily for hardshell kayaks, on: 1) the 2.3-mile portion of the North Yuba River below New 
Bullards Bar Dam downstream to the confluence with the Middle Yuba River; and 2) on the 7.5-
mile portion of the mainstem Yuba River from the confluence with the North Yuba River 
downstream to the United State’s Army Corp of Engineers (USACE) Englebright Reservoir 
(non-Project).  The key findings of this study are in Section 7.8.3.1 of YCWA’s Pre-Application 
Document (PAD), which includes the types of craft that may potentially boat the reach, the 
minimum and maximum optimal flow ranges, and the put-in and take-out locations for this 
reach.  A complete description of the study methods and results are also found in Attachment 
7.8B of the PAD.  
  
The 2008 study included the 7.5-mile mainstem Yuba River segment (below the confluence of 
the North and Middle Yuba Rivers).  This mainstem Yuba River segment is also part of the 
lower section of the whitewater reach that begins on the Middle Yuba River at the Highway 49 
bridge crossing and continues downstream 12 miles (past the North Yuba River confluence) to 
Englebright Reservoir.  The Middle Yuba River reach starting at Highway 49 was not part of the 
2008 study.  However, the results from the 2008 study does provide relevant information on the 
7.5-mile mainstem Yuba River section of the Middle Yuba River reach that begins at the 
Highway 49 bridge, which must utilize the same takeouts as the 2008 study since no other 
takeouts exist.     
 
There is also some information regarding whitewater boating opportunities in the Project 
Vicinity,1 not including flow levels, currently available at American Whitewater’s (AW) website, 
as well as some other boating websites and forums. 
 
Additional information collected within this study will be used to close the gaps in the existing 
information on whitewater boating opportunities and what the acceptable range of flow levels is 
for the river reaches affected by the Project.     
 

4.0 Study Goals and Objectives 
 
The primary goals of the study are to determine if Project operations can: 1) provide acceptable 
whitewater boating opportunities consistent with demand on river reaches potentially affected by 
the Project; 2) determine anglers’ preferences (e.g., flow, location and type of fishing) on 
Project-affected study reaches; and 3) be consistent with the needs of the area, the primary 
purposes or ability of the Project, and other resource management plans.   

 
The study objectives include:  

 
 Utilize opportunistic flows to determine the acceptable flow range for whitewater boating on 

the Project-affected stream reaches. 

                                                           
1   For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 

States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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 Determine the number of flow days by month in the acceptable flow range for whitewater 
boating opportunities (e.g. rafting and kayaking) under current Project operations and under 
regulated and unimpaired flows.2  

 On the Project-affected stream reaches, determine popular locations where anglers fish, the 
flows at which they fish, the type of fishing (e.g., wade or bank), and the number of useable 
days under existing Project conditions. 

 Examine the feasibility of developing real-time flow data for Project-affected stream reaches. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of the whitewater boating component of the study, the study area includes three 
study reaches; 
 
 7.5-mile-long portion of the Middle Yuba River from Our House Diversion Dam (RM 12.0) 

downstream to Highway 49 Bridge (RM 4.5)  

 12.0-mile-long portion of the Middle Yuba River and mainstem Yuba River from Highway 
49 Bridge (RM 4.5) downstream to Englebright Reservoir (RM 32.2 on the mainstem Yuba 
River) 

 4.1-mile-long portion of Oregon Creek from  Log Cabin Diversion Dam (RM 4.1) 
downstream to the confluence with the Middle Yuba River (RM 0.0) 

 
In addition, the North Yuba River whitewater boating reach above New Bullards Bar Reservoir 
from Indian Valley downstream to New Bullards Bar Reservoir will be included in the study area 
for the sole purpose of identifying the takeout patterns, issues, and levels of use via a focus 
group.  Note that this reach is not a Project-affected river reach as YCWA does not have any 
Project control over the flows in this study reach.   
 
For the purpose of the angling component of the study, the study area includes:  
 
 2.3 mile-long section of the North Yuba River from New Bullards Bar Dam (RM 2.3) 

downstream to the confluence with the mainstem Yuba River (RM 0.0)  

 12.0 mile-long section of the Middle Yuba River from Our House Diversion Dam (RM 12.0) 
downstream to Highway 49 Bridge (RM 4.5) 

 4.5 mile-long section of the Middle Yuba River from Highway 49 Bridge (RM 4.5) 
downstream to the mainstem Yuba River (RM 0.0)  

 7.5 mile-long section of the Yuba River (RM 39.6) from the confluence with the North and 
Middle Yuba rivers downstream to Rice’s Crossing (RM 32.2)  

                                                           
2  Unimpaired flow refers to flows that might exist without Project operations. 
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 4.1-mile-long section of Oregon Creek from Log Cabin Diversion Dam (RM 4.1) 
downstream to the confluence with the Middle Yuba River (RM 0.0). 

 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 

                                                           
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
This study is divided into two components – a whitewater boating and angling component.  The 
whitewater boating component of the study focuses specifically on whitewater boating 
opportunities on the Middle Yuba River below Our House Diversion Dam downstream to 
Englebright Reservoir (Yuba River), Oregon Creek, and the North Yuba River reach from Indian 
Valley to New Bullards Bar Reservoir (relating only to the take-out portion of the reach).  The 
angling component of the study focuses on angling opportunities on each of the Project-affected 
stream reaches.  
 
5.3.1  Whitewater Boating Component 
 
5.3.1.1  Middle Yuba River Below Our House Diversion Dam 
 
The Middle Yuba River whitewater boating component consists of two study reaches on the 
Middle Yuba River below Our House Diversion Dam.  The study reaches are from: 1) Our 
House Diversion Dam downstream to the Highway 49 bridge crossing; and 2) Highway 49 
bridge crossing downstream to Englebright Reservoir.  Note that the final 7.5 miles of the second 
reach (below the confluence with the North Yuba River) are on the Yuba River downstream of 
the Middle and North Yuba River confluence. 
 
The study methods for the whitewater boating component consist of three steps.  These include: 
1) conducting an opportunistic flow study on the Middle Yuba River study reaches; 2) 
comparing the regulated and unimpaired whitewater boating opportunity for the study reaches; 
and 3) describing the existing or potential whitewater boating opportunities on the study reaches.  
Each of these steps is detailed below.  
 
5.3.1.1.1 Step 1 - Conduct Opportunistic Flow Study on Two Middle Yuba River Study 

Reaches - Our House Diversion Dam downstream to Highway 49; and Highway 
49 downstream to Englebright Reservoir 

 
This step will consist of four primary elements – 1) weekly forecasting of the projected 
opportunistic flows in the study reaches; 2) a core team of boaters; 3) boater evaluation forms; 
and 4) a focus group with the core team of boaters.   
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Weekly Forecasting of Opportunistic Flow Levels 
 
YCWA will provide regular, weekly updates on the projected flows (to the best of the YCWA’s 
capabilities) for the two Middle Yuba River study reaches during the spring run-off period 
starting in May 2012 and continuing through the descending limb of the hydrograph (likely into 
late June and early July 2012).  YCWA will provide the weekly updates via a weekly conference 
call (posted on the Relicensing Website) with any interested Relicensing Participants, but will 
include AW, at a minimum.  The updates will include all necessary real-time flow information as 
available at the time of the call and any trend information on projected opportunistic flow levels 
through the upcoming weekend.  The update will focus on flows upstream and downstream of 
Our House Diversion Dam on the Middle Yuba River, and North Yuba River flows (including 
spill) below New Bullards Bar Dam, which is particularly important flow information for making 
a decision whether the Highway 49 to Englebright Reservoir study reach is boatable.    
 
If the weekly flow projections on the study reaches indicate that the upcoming boating window 
occurs from Friday through Monday may provide potential flows in the target flow ranges, then 
AW will communicate this potential to a core team of boaters who will boat the reach.  The flow 
projection information will also be broadcasted on the AW website 
(http://www.americanwhitewater.org), at a minimum. 
 
Core Team of Boaters 
 
While this approach relies on opportunistic flows in the study reaches, YCWA and Relicensing 
Participants agreed that utilizing a core team of boaters in regular contact with YCWA and/or 
AW would provide a measure of control and reliability over the study results.  YCWA will work 
with Relicensing Participants to identify the core team of boaters.  The core team will consist of 
boaters with commensurate skill levels and an appropriate distribution of craft types to include, 
at a minimum, hardshell kayaks, inflatable kayaks, and rafts.  As practical, the core team may 
also include R2s (two-person rafts) and catarafts.  The core team will then boat the Middle Yuba 
River study reaches within each targeted flow range (Table 5.3-1).  The pre-selected, core team 
of boaters will paddle the study reach(es) at least once in each of the targeted flow ranges in 
Table 5.3-1.  
 
Table 5.3-1.  Target flow ranges for each study reach on the Middle Yuba River. 

Study Reach 
Target Flow Range (cfs) 

A B C D 

Our House Diversion Dam to Highway 49 325 – 500 700 – 900 900 – 1,200 1,200 – 2,200 

Highway 49 to Englebright Reservoir 600 – 800 800 – 1,000 1,000 – 1,200 -- 

 
 
The target flow ranges provided in Table 5.3-1 were developed to span the flow ranges for each 
of the primary types of craft for each study reach.  These flow ranges by type of craft are 
provided in Table 5.3-2.   
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Table 5.3-2.  Flow ranges by primary types of craft on each Middle Yuba River study reach. 

Study Reach 
Flow Range (cfs) By Type of Craft 

Inflatable Kayak/R2 Hardshell Kayak Raft 

Our House Diversion Dam to Highway 49 325 – 500 700 – 2,200 700 – 1,200 

Highway 49 to Englebright Reservoir -- 600 – 1,000 1,000 – 1,200 

 
 
While the primary focus of this study component is to utilize a core team of boaters to minimize 
the potential variables in the study data, YCWA expects that boaters outside the core team will 
likely boat the study reach(es) opportunistically.  YCWA will collect and separately 
analyze/summarize any data from opportunistic boaters if the opportunistic boaters boat a study 
reach in at least two target flow ranges (and complete a Post-Run Evaluation Form for each run 
and the follow-up Comparative Evaluation Form).   
 
Boater Evaluation Forms and Process 
 
The objective of the opportunistic flow study is to record how changes in flow alter the quality of 
the experience for individual participants and the group.  The core team of boaters will 
opportunistically paddle each targeted flow range, then individually complete a single-flow 
boater Post-Run Evaluation Form (Attachment 8.2A).  The single-flow Post-Run Evaluation 
Form focuses on the specific characteristics of the study reach at the single flow the boater 
experienced. Upon completion of at least two flows within the targeted ranges and subsequent 
Post-Run Evaluation forms,  the boater will complete the Comparative Evaluation Form, which 
evaluates one flow over another for specific characteristics (Attachment 8.2B).  The boater 
evaluation forms will be provided to boaters by one of two versions – hard copy or online 
version.  Both versions ask the same questions.  A link to the online version will be provided to 
the core team of boaters and also posted on the AW website, at a minimum. 
 
Focus Group with the Core Team of Boaters 
 
Following completion of the Post-Run and Comparative evaluation forms, YCWA will conduct a 
focus group discussion with the core team of boaters.4  The focus group discussion will include 
specific questions concerning the boating experience at the different flow levels and refine the 
acceptable and optimal flow ranges for each craft, as necessary.  The ultimate goal of the focus 
group discussion and the opportunistic flow study step is for the core team of boaters’ to identify 
what flows would represent the general paddling public preference by craft type. 
 
The primary data for this step will consist of the boaters’ responses to the evaluation forms (Post-
Run and Comparative) and the focus group results at the conclusion of the opportunistic flow 
study step.   
 
 
 
                                                           
4  Opportunistic boaters outside the core team of boaters may be included in this focus group if the opportunistic boater: 1) ran 

the study reach(es) in each of the target flow ranges; 2) completed all the necessary evaluation forms; and 3) can be contacted 
for inclusion in the focus group. 
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Contingencies If Opportunistic Flows Are Inadequate in Spring 2012 
 
In the event that the spring 2012 opportunistic flows do not provide flows within each of the 
target flow ranges (Table 5.3-1), then YCWA will utilize the following progressive contingency 
options.  YCWA will implement the following contingency options in the following order until 
all the target flow ranges have been accomplished.  If, after implementing the two contingency 
options, all of the target flow ranges have not been met, then the opportunistic study will be 
considered complete.  YCWA will utilize any available data to complete the remainder of the 
study components (Steps 2 and 3 below). 
 
 Option 1 - 2013 Opportunistic Flow Study – YCWA would continue the opportunistic flow 

study in spring 2013 utilizing the same opportunistic methods as described in Step 1 above.  

 Option 2 – Augment Flows Below Our House Diversion Dam in Spring 2013 - At Our House 
Diversion Dam, YCWA will mechanically operate the slide gate on the dam that controls the 
flows that enter the Lohman Ridge Diversion Tunnel to augment the flows below Our House 
Diversion Dam in order to meet the necessary target flow ranges that were not accomplished 
by opportunistic flows.  This option will be implemented only during the descending limb of 
the hydrograph in spring 2013.  Note: mechanically operating the gate is a crude means of 
controlling the flow below Our House Diversion Dam and YCWA will make a good faith 
effort to control the gate within its operational limits to aim for a target flow range.  YCWA 
cannot guarantee specific flow levels using this method.  Before implementing this option, 
YCWA, in consultation with Relicensing Participants, will determine if this option is 
feasible.  If YCWA and Relicensing Participants collaboratively agree that this option is 
feasible to complete the study, then YCWA will implement this option. 

 
5.3.1.1.2 Step 2- Comparison of Regulated and Unimpaired Whitewater Boating 

Opportunity for the Study Reach 
 
In Step 2, YCWA will estimate the annual number of usable days that occur based on regulated 
and unimpaired flows for the each Middle Yuba River study reach.  For the purpose of this 
study, a usable day is defined as a day when a recreationist would have reasonable access to the 
river and the mean daily flow in the study reach is within the acceptable flow range as 
determined through boater evaluations/focus groups (Step 1) and using the hydrology data 
approved by YCWA and Relicensing Participants5.   
 
5.3.1.1.3 Step 3 – Description of the Whitewater Boating Opportunities on the Study 

Reaches 
  
In Step 3, YCWA will summarize the whitewater boating opportunities on the Middle Yuba 
River study reaches.  This summary will document for each study reach the: 1) put-in and take-
out access; 2) demand for whitewater boating; 3) constraints; 4) conflicts or complementary 
opportunities with other recreational opportunities; 5) whitewater classification; 6) the types of 
                                                           
5 In addition, Licensee will make this comparison for the North Yuba River from New Bullards Bar Dam downstream to 

Englebright Reservoir (studied in 2008). 
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craft suitable for boating the reach; 7) acceptable and optimal flows for the class of boating and 
type of boating that would likely occur; and 8) the annual number of usable (boatable) days that 
occur based on regulated and unimpaired flows. 
 
5.3.1.2 Oregon Creek from Log Cabin Diversion Dam Downstream to the Confluence 

with the Middle Yuba River 
 
This whitewater boating study component consists of one study reach on Oregon Creek from 
Log Cabin Diversion Dam (RM 4.1) downstream to the confluence with the Middle Yuba River 
(RM 0.0).  This study component uses a progressive, phased approach, whereby information 
gathered in Phase I will determine whether Phase II of the study component is necessary or not.  
Each of these two phases is detailed below. 
 
5.3.2.1.1 Phase I Assessment 
 
Step 1 - Identify Existing Whitewater Flow-Related Recreation Opportunity  
 
YCWA, in consultation with AW and other interested Relicensing Participants (reconnaissance 
group) will conduct a field visit in 2011 at representative sites along Oregon Creek below Log 
Cabin Diversion Dam.  YCWA and other field participants will observe the river access and river 
channel conditions along Oregon Creek at readily accessible access locations and potentially by 
hiking alongside the creek.  During the site visit, YCWA will document the access and river 
condition through photographs and field notes, and the results of these conditions/observations 
will be summarized and included in the study report. 
 
Step 2 - Review Field Assessment and Determine Whitewater Boating Feasibility 
 
In this step, YCWA will consult with Relicensing Participants to determine whether or not 
Oregon Creek has potential for whitewater boating.  If YCWA and Relicensing Participants 
collaboratively agree that a whitewater boating opportunity does potentially exist on Oregon 
Creek, then YCWA will proceed to the Phase II assessment.  If not, the Phase I Assessment will 
be considered adequate to complete the study regarding this reach. 
 
5.3.2.1.2 Phase II Assessment 
 
Step 1 – Conduct Opportunistic Flow Study  
 
YCWA will conduct an opportunistic flow study on Oregon Creek from Log Cabin Diversion 
Dam to the confluence with the Middle Yuba River using the same methods as in Section 5.3.1.1 
for the Middle Yuba River study reach, but during the spring snowmelt/runoff period in 2012.  
Target flow ranges and types of craft will be determined based on the observations during the 
field visit in the Phase I assessment. 
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Step 2 - Comparison of Regulated and Unimpaired Opportunity for Whitewater Boating 
 
If the opportunistic flow study in Step 1 confirms the whitewater boating potential, then YCWA, 
in Step 2, will estimate the annual number of usable days on the study reach that occur based on 
regulated and unimpaired flows (identical to the comparison in Section 5.3.1.1 for the Middle 
Yuba River study reaches).  If the opportunistic flow study in Step 1 determines that the study 
reach does not have any whitewater boating potential, then YCWA will provide detail this 
determination in the study report and the Phase II assessment will be complete. 
 
Step 3 – Description of the Whitewater Boating Opportunity on Oregon Creek 
 
In Step 3, YCWA will summarize the whitewater boating opportunity on the Oregon Creek study 
reach using the same methods in Step 1 of Section 5.3.1.1 for the Middle Yuba River study 
reaches.   
 
5.3.1.3 Whitewater Boating Takeout Assessment on the North Yuba River Reach Above 

New Bullards Bar Reservoir (Indian Valley downstream to New Bullards Bar 
Reservoir) 

 
This study component focuses on the North Yuba River study reach (upstream of New Bullards 
Bar Reservoir) from Indian Valley downstream to New Bullards Bar Reservoir.  The study 
component will assess issues related to the take-out on the study reach in two steps.  These 
include: 1) conducting a whitewater boating focus group; and 2) describing the existing and 
desired take-out opportunities on the study reach.   
 
5.3.1.3.1 Step 1 – Conduct Whitewater Boating Focus Group 
 
In Step 1, YCWA will conduct a single whitewater boating focus group consisting of no more 
than 10 participants.  YCWA, in consultation with the Relicensing Participants, will select the 
whitewater boaters to participate in the focus group.  YCWA will make a good faith effort to 
reach identified individuals to conduct the focus group with the following types of participants - 
private boaters, permitted commercial outfitters, and clients of the permitted commercial 
outfitters (if feasible).  The focus group questions will specifically relate to the take-out for this 
study reach, and include, but not be limited to the following: 1) existing take-out locations for 
boaters (private and commercial); 2) access considerations for the various take-out locations, 3) 
how the take-out affected the overall boating experience; and 4) what are potential desired take-
out options.  The focus group topics and question are provided in Attachment 8.2C. 
 
Focus Group Process 
 
Focus groups and interviews will be semi-structured, with specific topic areas and questions 
developed for anglers.  Initial questions will focus on how people use the river.  The goal is to 
describe the character of the whitewater boating takeout and identify potential desired takeout 
options for the study reach.   
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The focus group will consist of no more than 10 participants and include up to two YCWA-
provided facilitators. The facilitators will pose open-ended questions to guide discussion, but will 
draw out participants with follow-up questions as needed.  The focus groups would ideally be 
scheduled after researchers have conducted fieldwork to increase opportunities for shared 
understanding about the locations and issues under discussion.    
 
As with any research methodology, interviews/focus groups have strengths and weaknesses.  
They are most useful for describing consensus opinion of homogenous groups, and they allow 
participants to “brainstorm” collectively to improve the number or accuracy of ideas.  However, 
generalizing from small groups is more challenging, particularly if there is diversity within a 
group.  The extent of agreement within groups is one input into decisions about whether 
additional flow evaluation studies would prove useful.   
 
5.3.1.3.2 Step 2 – Description of the Whitewater Boating Take-out Opportunities 
 
In Step 2, YCWA will summarize the existing and desired whitewater boating takeout 
opportunities on the North Yuba River study reach based on the information gathered in Step 1.   
 
5.3.2  Angling Component 
 
The study methods for the angling component consist of three steps (Steps 2A through 2C).  
These include: 1) conducting an angling focus group; 2) comparing the regulated and unimpaired 
angling opportunity for the Study Reaches; and 3) describing the existing and desired angling 
opportunities on the Study Reach.  Each of these steps is detailed below. 
 
5.3.2.1  Step 1 - Focus Group Interviews 
 
In Step 1, YCWA will conduct up to two focus groups with anglers.  The anglers will be selected 
through consultation with the Relicensing Participants.  Subjects for angling questions will likely 
include: 1) access considerations, 2) target species, 3) types of fishing (wade/boat-based/shore-
based; spin/bait/fly), 4) flow ranges for each type of opportunity by Study Reach, 5) angling 
quality relative to regional opportunities, and 6) desired angling opportunities on the study 
reaches.  The focus group topics and question are provided in Attachment 8.2D. 
 
5.3.2.1.1 Focus Group Process 
 
YCWA will utilize the same focus group process as detailed in Section 5.3.1.3 for the North 
Yuba River whitewater boating focus group.  The goal is to describe the character of angling 
recreation opportunities and identify flow-dependent attributes.  A second series of questions 
will focus on the effects of flows on those attributes and whether interviewees can identify 
specific flows that affect the quality of angling opportunities.   
 
YCWA will develop an initial list of participants for the focus groups with Relicensing 
Participants.  Researchers will make a good faith effort to reach identified individuals to conduct 
interviews.   
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5.3.2.2   Step 2-Comparison of Regulated and Unimpaired Angler Flows for the Study 
Reach 

 
In Step 2, YCWA will estimate the average annual number of angling usable days that occur 
based on regulated and unimpaired flows for the Study Reach.  For the purpose of this study, a 
usable day is defined as a day when a recreationist would have reasonable access to the river and 
the mean daily flow in the Study Reach is within the acceptable flow range as determined 
through angler focus groups (Step 1) and using the hydrology data (once approved by YCWA 
and Relicensing Participants).   
 
5.3.2.3 Step 3 – Description of the Existing and Desired Angling Opportunities on Study 

Reaches 
  
In Step 3, YCWA will document the angling opportunities on each Study reach, including: 1) 
popular angling locations; 2) access; 3) types of angling (species, seasonality, shore, wade, etc.); 
4) range of useable flows for angling on each Study Reach; and 5) the annual number of usable 
days that occur based on regulated and unimpaired flows.  In addition, YCWA will characterize 
the desired angling opportunities on study reaches.  YCWA will utilize the information gathered 
during the focus groups, as well as the from any visitor surveys (see Recreation Use and Visitor 
Survey Study, Study 8.1) to characterize the existing and desired angling opportunities on the 
study reaches. 
 
5.3.3 Data Analysis and Study Report Preparation 
 
YCWA will synthesize the data collected/analyzed into a study report at the conclusion of the 
study, and will include summary data in tables, attachments and/or appendices.  Specifically, the 
report will include the following sections: 1) Study Goals and Objectives; 2) Methods; 3) 
Results; 4) Discussion; and 5) Description of Variances from the FERC-approved study 
proposal, if any.    
 

6.0 Study-Specific Consultation   
 
YCWA will engage in the following study specific consultation: 
 
 YCWA, in consultation with Relicensing Participants, will identify the team of boaters to 

opportunistically run the Middle Yuba River study reaches (and the Oregon Creek study 
reach if an opportunistic flow study is conducted on the reach). 

 YCWA, in consultation with Relicensing Participants, will determine whether or not Oregon 
Creek has potential for whitewater boating.  If YCWA and Relicensing Participants 
collaboratively agree that a reasonable whitewater boating opportunity exists on Oregon 
Creek, YCWA will proceed with the Phase II assessment. 
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 YCWA, in consultation with Relicensing Participants, will identify whitewater boaters to 
participate in the whitewater boating focus group on the North Yuba River study reach from 
Indian Valley to New Bullards Bar Reservoir. 

 YCWA, in consultation with Relicensing Participants, will determine if contingency option 2 
on the Middle Yuba River whitewater boating component is feasible.  If YCWA and 
Relicensing Participants collaboratively agree that this option is feasible to complete the 
study, then YCWA will implement this option. 

 YCWA, in consultation with Relicensing Participants, will identify anglers to participate in 
focus groups. 

 

7.0 Schedule 
 
Licensee anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Whitewater Boating Component 
 
Middle Yuba River Study Reaches 
Opportunistic Flow Study ...................................................................................... May - June 2012 
Boating Comparison of Regulated/Unimpaired Hydrology ........................  July - September 2012 
Description of Whitewater Boating Opportunity ....................................  October - December 2012 
2013 Contingency ...................................................................................................May - June 2013 
 
Oregon Creek Study Reach 
Phase I Assessment .................................................................................................. November 2012 
Phase II Assessment ........................................................................................... May - August 2012 
 
North Yuba River Takeout Assessment 
Whitewater Boating Focus Group .......................................................................... May - July 2012 
Description of the Whitewater Boating Takeout Opportunities ................... July - September 2012 
 
Angling Component 
 
Angler Focus Groups .............................................................................................. May - July 2012 
Angling Comparison of Regulated and Unimpaired Hydrology ....................................... July 2012 
Description of Angling Opportunity ............................................................................. August 2012 
 
Data Analysis and Report Preparation .................................................................... September 2013 
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8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study proposal is consistent with generally accepted relicensing studies (e.g., Yuba-Bear, 
Drum-Spaulding, South Feather River, DeSabla-Centerville, and Beardsley/Donnells), and is 
consistent with FERC study requirements under the newly developed Integrated Licensing 
Process (FERC 2003).  Focus groups following the completion of information gathering for the 
opportunistic flow studies will be conducted by researchers with social science training and will 
follow standard qualitative research protocols (Patton 1990).  In addition, researchers have 
experience with focus group efforts from previous studies (e.g., Yuba-Bear, Drum-Spaulding, 
South Feather River, DeSabla-Centerville, and Beardsley/Donnells) using questions tested and 
refined from those efforts.  Field work will be conducted following recommendations provided 
in Whittaker et al. (1993, 2005), and studies completed on West Rosebud Creek by PPL 
Montana.  Documentation may include still photos and notes. 
 

9.0  Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $70,000 and 
$90,000. 
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North Yuba River Whitewater Boating Takeout Focus Group 
DRAFT Topics and Questions 

 
Experience / Background Information 
1. Do you boat the NYR reach as a private boater, commercial outfitter, or commercial client? 
2. How many years have you been boating? 

 Overall? 
 On the NYR reach?  

3. What type of boats do you commonly use? 
 Overall 
 On the NYR reach?  

4. How would you rate your skill level with each type of craft? 
5. In general, estimate the number of days per year you spend boating? 
6. Estimate the number of times you have boated the NYR from Indian Valley to NBBR?  

 Total 
 Times per year 

7. What months is the NYR reach typically boatable?  
8. How would you classify the existing boating demand for the NYR reach? 

 Less than 10 groups per weekend day 
 Between 10 and 20 groups per weekend day 
 20 or more groups per weekend day 

 
Questions Specific to the Takeout  
Note: in general, the answers will be categorized by private vs. commercial boaters 
9. Where do you typically takeout on this reach? 

 Specific river mile/location (identify on a map) 
 On river right or left? 

10. Please explain the following for each different takeout location/option. 
 Physical logistics 
 How long does it take (in minutes)?   
 Rate the level of effort/difficulty of the takeout using a scale from 1 to 5 (1=Easy; 5=Difficult) 
 How does the takeout experience affect your overall boating experience?  

o 1-Very much; 2-Somewhat; 3-Not at all 
 How does the takeout situation contribute to your decision to boat this reach? 

o 1-Very important; 2-Important; 3-Average; 4-Somewhat important; 5-Not important 
 If the takeout situation was improved (reduces the effort and time), would you boat the reach 

more often? 
o 1-Strongly disagree; 2-Disagree; 3-Neither agree nor disagree; 4-Agree; 5-Strongly 

disagree 
11. If you had your choice, what would be the ideal takeout location/scenario? 
12. Would you be willing to pay a reasonable user fee (e.g., per boater, per vehicle, per group, etc.) for an 

improved takeout location or scenario? 
If so, would a user fee affect the demand for boating on this reach?  How so? 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page Left Blank



    
 

 

 
 
 
 
 

ATTACHMENT 8.2D 
 

DRAFT Angler Focus Group Questions 



 

 



  Yuba County Water Agency 
  Yuba River Development Project 
  FERC Project No. 2246  
 

Recreation Flow Attachment 8.2D – Angler Focus Group Questions August 2011 
 ©2011, Yuba County Water Agency  Page D-1 

Angling Focus Group 
DRAFT Topics and Questions 

 
Experience 
[Option: provide participants with a form with these questions to complete prior to starting the 
group discussions.] 
1. Total years fishing 
2. Fishing within the study reaches 

 Total years fishing 
 Typical days per year 

3. Types of fishing (spin, bait, fly) 
4. Modes of fishing (shoreline, wading, tubing, boat) 
 
Access and Use Areas 
5. Identify existing access locations, how they work, and what fishing areas they provide access 

to.  [Identify these areas on a map, particularly high use areas.] 
6. Identify if visitors typically use public vs. private access?  Is this legal private access? 
7. Identify typical use levels by season and time of day. 
8. Identify any constraints to angling and any potential solutions to these constraints? 
9. Rate overall access quality (1=totally unacceptable, 2=slightly unacceptable, 3=marginal, 

4=slightly acceptable, 5=totally acceptable). 
 

Type and Quality of Fishing Opportunity 
10. Target species 
11. Types of fishing (wade/boat/tube/shore; spin/bait/fly) 

 Likely flow ranges for each type of opportunity. 
 Rough estimate of angling success (fish per hour of effort; size, etc.) 
 Seasonality and time of day considerations on fishing success 
 

Regional Assessment Issues 
12. List similar reaches on nearby rivers and discuss similarities/differences 
13. Rating (1=worse than others, 3=similar to others, 5=better than others) 

 Within 2 hours 
 Within Northern California (4 hours) 

14. Estimate size of local angling community in the region 
 Less than 100 anglers / 100 to 500 anglers / Greater than 500 anglers 

15. Discuss of proportion of anglers who do different types of fishing (fly/spin/bait)   
16. Discuss of proportion of anglers who use different modes of fishing (shore/wade/tube/boat)   

 
Potential Management Issues 
17. Do you experience crowding?  If so, what locations?  And, what times of year? 
18. What, if any, facilities would you like to see on the stream reach? 
19. Do you experience any safety/liability issues? 
20. Have you experienced any conflicts with others (anglers, river users, residents, etc.) 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

August 2011 Attachment 8.2D – Angler Focus Group Questions Recreation Flow 
Page D-2 ©2011, Yuba County Water Agency   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page Left Blank 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Primary Project Roads and Trails 
 ©2011, Yuba County Water Agency Page 1 of 14 

Study 9.1 

PRIMARY PROJECT ROADS AND TRAILS 
August 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued use, operation and maintenance 
(O&M) of Yuba River Development Project’s (Project) Primary Project Roads and Trials has a 
potential to have environmental effects. 
 
For the purpose of this study a “Primary Project Road and Trail” is a road or trail that is used 
almost exclusively to access the Project by the YCWA and is within the existing FERC Project 
Boundary.1   
 
YCWA’s routine maintenance of those Primary Project Roads includes periodically inspecting 
and clearing culverts and drainage ditches, maintenance of the travel surface including asphalt 
paving, blading dirt road and aggregate surfaces, filling-in pot holes on travel surfaces, minor 
trimming of vegetation along the travel surface edge to maintain a line-of sight for safety 
purposes, and repairing/replacing signs and markers.  Work may also include maintaining water 
bars for roads and trails that are infrequently used, and maintaining gates.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that one agency has jurisdiction over Primary Project Roads and Trails in the 
geographic area included in this study proposal: 1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to characterize and evaluate the Primary Project Roads and Trails and 
determine if continued use, operations and maintenance of Primary Project Roads and Trails 

                                                 
1  Licensee believes Primary Project Roads and Trails in this study proposal include roads and trails directly connected to Project 

recreation facilities, but not the roads and trails within the recreation areas.  Roads and trails within the FERC Project 
Boundary that are considered part of the recreation facility are addressed in YCWA’s Recreation Use and Visitor Surveys 
Study (Study 8.1). 
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would result in adverse effects on the environment.  The objective of the study is to gather 
information necessary to meet the study goal.2 
 

4.0 Existing Information and Need for Additional 
 Information 
 
4.1  Primary Project Roads 
 
Each Primary Project Road is described below, and summarized in Table 4.1-1 at the end of this 
study proposal. 
 
4.1.1  To Our House Diversion Dam and Impoundment 
 
YCWA’s primary access to Our House Diversion Dam and Lohman Ridge Diversion Tunnel 
Intake is from Sierra Pacific Industries (SPI) Ridge Road.  Our House Diversion Dam Road, 
which is entirely within the FERC Project Boundary, extends 1.84 miles from Ridge Road to Our 
House Diversion Dam.  The road is paved, about 12 feet wide, and includes two short segments 
on NFS land with the remainder of the road on private land.  The road is gated by YCWA at the 
intersection with Ridge Road, but the gate is usually open.  Locks on this gate allow access by 
employees of YCWA and Tahoe National Forest (TNF).  YCWA maintains another gate on the 
road about 500 feet upstream of the dam, and this gate is locked except for YCWA’s access, 
which includes about one 4-wheel-drive vehicle trip each day.  YCWA maintains Our House 
Diversion Dam Road.  The road is not plowed for snow nor does YCWA traverse the road using 
snow cats or snowmobiles.   
 
The sections of Our House Diversion Dam Road on NFS land have not been assigned Forest 
Service road numbers or maintenance levels.  The TNF has not issued YCWA a special use 
permit (SUP) for use of the road. 
 
YCWA considers Our House Diversion Dam Road to be a Primary Project Road.  There are no 
other Primary Project Roads associated with Our House Diversion Dam and Impoundment and 
Lohman Ridge Diversion Tunnel Intake. 
 
4.1.2  To Log Cabin Diversion Dam and Impoundment 
 
YCWA’s primary access to Log Cabin Diversion Dam and Camptonville Diversion Tunnel 
Intake is from State Highway 49.  Log Cabin Diversion Dam Road, which is entirely within the 
FERC Project Boundary, extends 1.19 miles from Highway 49 to Log Cabin Diversion Dam.  
The road is paved, about 12 feet wide, and includes two short segments on NFS land with the 
remainder on YCWA-owned and private land.  The road is gated by YCWA at the intersection 

                                                 
2  While not a part of this study, Licensee anticipates that the study will develop information necessary for YCWA and Forest 

Service to develop a Road Management Plan for Primary Project Roads on NFS land.  The goal of the plan will be to provide 
for a safe, convenient, efficient, sustainable and environmentally sound Primary Project Roads and Trails system.  Licensee 
anticipates consulting with the Forest Service to develop this plan prior to YCWA filing its Draft License Application, though 
as stated above, development of the plan is not part of this study. 
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with Highway 49, and the gate is locked at all times except for YCWA’s access, which includes 
about one 4-wheel-drive vehicle trip each day.  Locks on this gate allow access by employees of 
YCWA and TNF.  YCWA maintains Log Cabin Diversion Dam Road.  The road is not plowed 
for snow nor does YCWA traverse the road using snow cats or snowmobiles.   
 
YCWA accesses the Lohman Ridge Diversion Tunnel Outlet, which is located on the south bank 
of the upstream end of Log Cabin Diversion Dam Impoundment, via a dirt spur road that extends 
along the north bank of the impoundment about 500 feet from the dam to the tunnel outlet.  The 
unimproved dirt roadway was developed for the construction of the tunnel, but lies on the 
opposite side of the tunnel outlet.  YCWA does not normally use the road for vehicular access to 
the tunnel (i.e., only as a footpath for inspection) unless needed, which is a rare event.  The dirt 
road is entirely within the FERC Project Boundary and on NFS land.   
 
The sections of Log Cabin Diversion Dam Road and dirt spur road on NFS land have not been 
assigned Forest Service road numbers or maintenance levels.  The TNF has not issued YCWA a 
SUP for the road use. 
 
YCWA considers Log Cabin Diversion Dam Road and the dirt spur road to be Primary Project 
Roads.  There are no other Primary Project Roads associated with Log Cabin Diversion Dam and 
Impoundment, the Camptonville Diversion Tunnel Intake and the Lohman Ridge Diversion 
Tunnel Outlet.   
 
4.1.3  To Garden Point Cove on New Bullards Bar Reservoir 
 
With the permission of the Forest Service, YCWA stacks and burns woody debris collected from 
the surface of New Bullards Bar Reservoir in Garden Point Cove.  Currently, this is the only 
location at which YCWA disposes of debris collected from the surface of the reservoir.  YCWA 
accesses Garden Point Cove via Garden Valley Road.  Garden Valley Road is accessable by 
Young Hill Road or Pendola Road from State Highway 49.  Garden Valley Road is about 3.5 
miles long, 12 feet wide, graveled, and improved by YCWA for its use with access through a 
locked Forest Service gate.  Access is granted annually by the Forest Service only for debris 
disposal for a specific period of time.  Public access is restricted by the Forest Service as there 
are nesting bald eagles in the area.  During the two to three weeks each year during debris 
disposal, YCWA makes about two vehicular trips per day to the site. The road is not plowed for 
snow nor does YCWA traverse the road using snow cats or snowmobiles.   
 
During the limited period when YCWA uses Garden Valley Road for the sole purpose of debris 
disposal, YCWA considers Garden Valley Road to be a Primary Project Road.  YCWA does not 
consider Garden Valley Road a Primary Project Road for those times of year when the road is 
not used by YCWA and would not consider the road a Primary Project Road if the Forest Service 
denied YCWA use of Garden Point Cove for the disposal of debris. 
 
There are no other Primary Project Roads associated with New Bullards Bar Reservoir.   
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4.1.4  To Downstream Face of New Bullards Bar Dam 
 
YCWA’s primary access to the downstream face of New Bullards Bar Dam is from Marysville 
Road.3  The New Bullards Bar Dam Road is 1.08 miles long and on land owned by YCWA with 
the exception of a switchback which is on private land.  About the first 0.9 mile of the road is not 
within the FERC Project Boundary, but the remainder of the road is within the boundary.  The 
road is steep, paved, about 12 feet wide, and gated by YCWA at the intersection with Marysville 
Road.  The gate is locked at all times except for YCWA’s access, which includes about two 4-
wheel-drive vehicle trips each day.  YCWA maintains New Bullards Bar Dam Road.  The road is 
not plowed for snow, and YCWA does not use snow cats or snowmobiles on the road. 
 
YCWA also maintains a 640 foot long, paved spur road off the New Bullards Bar Dam Road that 
provides access to the upstream end of the New Colgate Powerhouse Penstock where it exits the 
dam face.  This spur road is entirely on YCWA-owned land, within the FERC Project Boundary 
and maintained by YCWA. 
 
YCWA considers New Bullards Bar Dam Road and the paved spur road to be Primary Project 
Roads.  There are no other Primary Project Roads associated with New Bullards Bar Dam.   
 
4.1.5  To New Colgate Penstock Guard Valve 
 
YCWA’s primary access to the New Colgate Penstock Guard Valve, the location where the New 
Colgate Power Tunnel daylights and connects with the New Colgate Penstock, is from the 
Colgate Haul Road off of Lake Francis Road.  The Colgate Haul Road has a gravel surface, is 
about 0.5 mile long and is 12 feet wide.  The first 0.3 mile of the road is on private property and 
the final portion is owned by the YCWA.  The road is gated and locked with YCWA’s, PG&E’s 
and local landowner’s locks at the intersection of Lake Francis Road. The road is accessed twice 
weekly by a 4-wheel drive vehicle and maintained by the YCWA.  The road is not plowed for 
snow nor does YCWA traverse the road using snow cats or snowmobiles.   
 
YCWA considers Colgate Haul Road to be a Primary Project Road.  There are no other Primary 
Project Roads associated with New Colgate Guard Valve.   
 
4.1.6  To New Colgate Penstock 
 
YCWA’s primary access to the New Colgate Penstock occurs over five short roads, each of 
which is described below.  YCWA considers each of these roads to be Primary Project Roads. 
Penstock Access Road #1 
 
Penstock Access Road #1 accesses the valve turn-out for the Brown’s Valley Irrigation District 
(BVID) ditch.  The access is from the south side of Lake Francis Road.  Penstock Access Road 
#1 has a gravel surface, is about 0.22 mile in length, and is 12 feet wide.  The road in its entirety 

                                                 
3  A short section of Marysville Road before it reaches New Bullards Bar Dam is included within the FERC Project Boundary.  

This is not a primary Project Road since it is used by many vehicles, the majority of which are not related to the Project.  
Licensee intends to propose removal of this section of Marysville Road from the FERC Project Boundary in its Application for 
New License. 
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is on property owned by YCWA.  The road is gated and locked with the YCWA’s lock at the 
intersection of Lake Francis Road.  The road is accessed once weekly by a 4-wheel drive vehicle 
and maintained by YCWA.  The road is not plowed for snow nor does the YCWA traverse the 
road using snow cats or snowmobiles. 
 
Penstock Access Road #2 
Access Road #2 accesses the penstock from the south side of Lake Francis Road.  Penstock 
Access Road #2 has a gravel surface, is about 0.08 mile in length, and is 12 feet wide.  The road 
in its entirety is on property owned by YCWA.  The road is gated and locked with YCWA’s lock 
at the intersection of Lake Francis Road.  The road is accessed once weekly by a 4-wheel drive 
vehicle and maintained by the YCWA.  The road is not plowed for snow nor does the YCWA 
traverse the road using snow cats or snowmobiles. 
 
Penstock Access Road #3 
This road also provides access to the penstock from the south side of Lake Francis Road.  
Penstock Access Road #3 has a dirt surface, is about 0.10 mile in length, and is 12 feet wide.  
The road in its entirety is on property owned by YCWA.  The road is gated and locked with 
YCWA’s lock at the intersection of Lake Francis Road.  The road is accessed twice annually by 
a 4-wheel drive vehicle and maintained by the YCWA.  The road is not plowed for snow nor 
does the YCWA traverse the road using snow cats or snowmobiles. 
 
Penstock Access Road #4 
The access is from the south side of Lake Francis Road.  Penstock Access Road #4 has a dirt 
surface, is about 0.15 mile in length, and is 12 feet wide.  The road in its entirety is on property 
owned by YCWA.  The road is gated and locked with YCWA’s lock at the intersection of Lake 
Francis Road.  The road is accessed once monthly by a 4-wheel drive vehicle and maintained by 
the YCWA.  The road is not plowed for snow nor does the YCWA traverse the road using snow 
cats or snowmobiles. 
 
Colgate Tunnel Lane 
YCWA’s primary access to the New Colgate Tunnel Surge Chamber, the location where the 
New Colgate Power Tunnel Air Shaft daylights, is off of Lake Francis Road.  The Colgate 
Tunnel Lane has a gravel surface, is about 0.85 mile long and is 14 feet wide.  About the first 
0.50 mile of the road is on private property and the final portion is owned by the YCWA.  The 
road is gated and locked with YCWA’s and local landowner’s locks at the property boundaries 
along Colgate Tunnel Lane.  The road is accessed once monthly by a 4-wheel drive vehicle.  
Portions of the road are maintained by the YCWA and other portions maintained by other 
property owners.  The road is not plowed for snow nor does YCWA traverse the road using snow 
cats or snowmobiles.   
 
4.1.7  To New Colgate Powerhouse 
 
YCWA’s access to New Colgate Powerhouse is by the Lake Francis Road, which branches from 
the Old Dobbins Road, off of Marysville Road.  Lake Francis Road is 3.5 miles long,  paved, 14 
feet wide, and maintained by Yuba County.  The final 1.5 miles is paved, 12 feet wide, and 
maintainted by YCWA.  Public access to the North Yuba River above and below the New 
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Colgate Powerhouse is available from Lake Francis Road.  This road is accessed daily by plant 
personnel, and may have as many as 30 vehicles per day travel on it, including heavy dump 
trucks and crane trucks.  The road terminates at the fenced yard to the powerhouse. The road is 
not plowed for snow nor does YCWA  traverse the road using snow cats or snowmobiles.   
 
YCWA does not consider the Lake Francis Road to be a Primary Project Road because it is used 
by many parties for various purposes, including PG&E.   
 
4.1.8  To Narrows 2 Powerhouse and Intake 
 
YCWA’s primary access to the Narrows 2 Powerhouse is from Scott Forbes Road.  Narrows 2 
Powerhouse Road, which is entirely within the FERC Project Boundary, extends 2.17 miles from 
Scott Forbes Road to Narrows 2 Powerhouse.  The road is paved, about 12 feet wide, and located 
on land owned by the State of California, USACE, and YCWA.  The road is gated by YCWA at 
the intersection with Scott Forbes Road, and the gate is locked at all times except for YCWA’s 
access and by other parties with an interest in the land beyond the gate.  YCWA accesses the 
powerhouse about twice per month by 4-wheel-drive vehicles.  YCWA maintains the Narrows 2 
Powerhouse Road.  The road is not plowed for snow nor does YCWA traverse the road using 
snow cats or snowmobiles. 
 
YCWA also maintains a 0.18-mile-long spur section of gravel road from Narrows 2 Access Road 
to Narrows 2 Intake, which is located on the north bank of USACE’s Englebright Dam near the 
dam.     
 
The USACE issued YCWA a right-of-way easement in 1975 for the Narrows 2 Powerhouse and 
Intake access roads.  The easement does not have a termination date. 
 
YCWA considers the Narrows 2 Access Road and spur roads to be Primary Project Roads.  
There are no other Primary Project Roads associated with the Narrows 2 Powerhouse and Intake. 
 
4.2  Primary Project Trails 
 
Each Primary Project Trail is described below. 
 
4.2.1  To New Bullards Bar Dam Compliance Monitoring Stream Flow Gage 
 
YCWA’s primary access to the New Bullards Bar Dam compliance monitoring stream flow gage 
is from New Bullards Bar Dam Road.  The access trail, which is partially within the FERC 
Project Boundary and on YCWA-owned land, extends about 300 yards from New Bullards Bar 
Dam Road to the gage located downstream near the old Bullards Bar Dam that was constructed 
in 1903.  The trail is dirt and cobble, about 8 feet wide, and runs along the grade of the road that 
accessed the old dam.  The trail is not maintained.  YCWA accesses the stream flow gage by foot 
about three times each month.    
 
YCWA considers the trail to be a Primary Project Trail.   
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4.2.2  To Narrows 2 Compliance Monitoring Stream Flow Gage 
 
YCWA’s primary access to the Narrows 2 Powerhouse compliance monitoring stream flow gage 
is from the Narrows 2 Powerhouse Access Road.  The access trail, which is partially within the 
FERC Project Boundary and on YCWA-owned land and public land managed by the USACE, 
extends downstream about 400 yards from Narrows 2 Powerhouse to the gage.  The trail is dirt, 
about 3 feet wide, and runs along the side of the stream.  The trail is not maintained.  YCWA 
accesses the stream flow gage by foot about once each month.    
 
YCWA considers the trail to be a Primary Project Trail.   
 
If existing information is not adequate to meet the goal of the study, additional information will 
be obtained.  Information necessary to address the study goal includes a current assessment of 
the condition of each Primary Project Roads and Trails. 
 

5.0 Study Methods and Analysis 
 
5.1  Study Area 
 
The study area consists of areas within and adjacent to the existing FERC Project Boundary, and 
includes an area of influence about 30 feet on either side of the centerline of each   Primary 
Project Road and an area of influence about 15 feet on either side of the centerline of each 
Primary Project Trail listed above in Section 4.1.  Approximate locations of Primary Project 
Roads and Trails can be seen in Attachment D, Project Maps, of YCWA’s PAD (YCWA 2010). 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2  General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
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Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3  Study Methods5 
The study will be performed in four steps: 1) assess condition of Primary Project Roads and 
Trails; 2)  consult with Licensee’s Operations Staff; 3) assess effects; and 4) prepare report.  
Each step is described below. 
 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
5  As described in footnote 1, this study does not include roads and trails which are part of Project recreation areas.  These roads 

and trails are addressed in YCWA’s Recreation Use and Visitor Surveys Study (Study 8.1).  However, as described in Study 
8.1, YCWA intends to assess to the extent applicable the condition of the recreation area roads and trails listed in Study 8.1 
using the methods described in Study 9.1.  

 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Primary Project Roads and Trails 
 ©2011, Yuba County Water Agency Page 9 of 14 

5.3.1 Step 1 – Assess Condition of  Primary Project Roads and Trails   
 
5.3.1.1  Primary Project Roads 
 
A professional engineer and qualified scientist will visit each Primary Project Road described in 
Section 4.1 to assess the road’s condition and identify obvious signs and potential risks of 
environmental damage.  If a road is on land managed by the Forest Service that has an 
established maintenance level for the road, the engineer will become familiar with those 
maintenance level requirements prior to the field assessment.  Assessments will be made in 
comparison to those Forest Service Maintenance Levels, Forest Service Traffic Service Levels 
and industry standards for similar type roads.  In addition, if the Forest Service has established a 
published protocol that Forest Service staff uses in performing similar condition assessments of 
roads the Forest Service maintains, YCWA will follow that protocol or equivalent.  For those 
roads on NFS land, YCWA will invite the Forest Service’s road engineer to participate in the 
field condition assessment of the road.  Items to be assessed in the field condition assessment 
will include: 
 
 List, map and confirm lengths and widths, traffic levels, traffic classification, seasons of use 

and YCWA’s use of each Primary Project Road.  The confirmation will not entail any land 
survey work, but will utilize field GPS equipment as noted in Section 5.2 above and best 
estimate by field staff during the condition assessment. 

 Assess the condition and confirm travel surface treatment and useful life of all Primary 
Project Roads (e.g., dirt, gravel, paved, or combination of those). Determine pavement 
conditions using the industry standard Pavement Management System (PMS), if applicable to 
the use level of the road.  

 Assess the condition and confirm the size and location of culverts and other drainage 
structures (note location by mile post and GPS). 

 List and map bridges or other water crossings (note location by mile post and GPS). 

 Assess the condition and confirm the location of traffic control devices, safety features, 
directional, warning and information signage including Project signs maintained by the 
YCWA along public roads (photograph each) and compliance of those YCWA-maintained 
signs with current Manual on Uniform Traffic Control Devices (MUTCD) standards. 

 List, map and assess the condition of gates or other man-placed traffic exclusion (e.g., 
boulders) structures (photograph each). 

 Identify size and location of existing hazard trees. 

 Identify and map sub-standard, unsafe or hazardous traffic conditions such as site clearing 
(e.g., blind spots and poor sight distances), inadequate clear zones, using the appropriate 
American Association of State Highway and Transportation Officials (AASHTO) standards 
for the speeds and traffic levels.  

 Identify and map the location of slope instability along the travel way or that may affect the 
road.  This will not include any geotechnical or ground disturbing activities, but best estimate 
by field engineer staff during the condition assessment. 
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 Estimate YCWA’s typical use of the Primary Project Road (i.e., this is an estimate of 
YCWA’s use, not a traffic count survey). 

 
5.3.1.2  Primary Project Trails 
 
The professional engineer and qualified scientist (and Forest Service staff, should they choose to 
participate) will visit each Primary Project Trail to assess the trail’s condition and identify 
obvious signs  and potential risks for environmental damage.  If a trail is on land managed by the 
Forest Service and the Forest Service has established a maintenance level for the trail, the 
engineer will become familiar with those maintenance level requirements prior to the field 
assessment.  In addition, if the Forest Service has established a published protocol that Forest 
Service staff uses in performing similar condition assessments of trails the Forest Service 
maintains, YCWA will follow that protocol.  Items to be assessed in the field condition 
assessment of Primary Project Trails will include: 
 
 Length and width of each Primary Project Trail listed above.  The confirmation will not 

entail any land survey work, but will utilize field GPS equipment as noted in Section 5.2 
above and best estimate by field staff during the condition assessment. 

 Travel surface 

 Drainage structures 

 Bridges or other water crossings (photograph each) 

 Side drainages 

 Information signage (photograph each) 

 Slope instability along the travel way or that may affect the trail.  This will not include any 
geotechnical or ground disturbing activities, but best estimate by field staff during the 
condition assessment. 

 
5.3.1.3  Assessments 
 
The engineer will inventory and characterize the conditions and features of each Primary Project 
Road and Trail using industry standards (e.g., AASHTO, MUTCD, PMS), as appropriate.  The 
condition of features listed above will be categorized as “excellent,” “good” or “poor” and in 
compliance with applicable established standards as they apply to the level of the road and, for 
the purpose of roads and trails on NFS land, similar roads and trails (i.e., same Maintenance 
Level) in the general area and as described in existing agency protocols.  The engineers’ report 
will include criteria used for each of the three categories.  Any feature characterized as “poor” or 
not in compliance with applicable standards will be accompanied in the report by a brief 
description of the condition or circumstances and illustrative photographs.  Features that the 
engineer considers as in “excellent” or “good” condition will not be described in the report – 
only the condition will be noted.  The location of all culverts, bridges, low water crossings, gates 
and intersections with other roads or trails will be identified with GPS coordinates, which will be 
included on YCWA’s Relicensing Geographic Information System (GIS) database.  Any obvious 
signs or imminent risk of environmental degradation (e.g., sediment build up in nearby 
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watercourses and unusual number of dead or dying trees on road side) will also be described in 
the report, including the GPS location and illustrative photographs. 
 
5.3.2  Step 2 – Consult with Licensee’s Project Operations Staff 
 
YCWA’s study engineer will meet with Project Operations Staff to prepare a brief description of 
YCWA’s short- and long-term maintenance procedures for Primary Project Roads and Trails.  
The discussion will include a general assessment of the current useful remaining life of major 
features (i.e., not minor features such as waterbars).  Where the Primary Project Road or Trail 
under discussion occurs on NFS land, the Forest Service will be invited to participate in the 
discussion. 
 
5.3.3 Step 3 – Assess Potential Environmental Effects, Condition and Consistency 

with Applicable Standards 
 
Based on the above information and in manner consistent with the study criteria described in 
Section 4.0, YCWA will assess the potential effects of use of Primary Project Roads and Trails 
on environmental resources.  Based on the above information and in a manner consistent with the 
study criteria described in Section 4.0, YCWA will assess the condition and the consistency the 
of Primary Project Roads and Trails with applicable AASHTO, MUTCD and Forest Service 
Standards for YCWA’s current traffic uses and traffic levels.  Note that at this time, YCWA does 
not propose any changes to the Project that would change YCWA’s use of Primary Project 
Roads and Trails.  Where the Primary Project Road or Trail under discussion occurs on NFS 
land, the Forest Service will be invited to participate in the assessment. 
 
5.3.4  Step 5 – Prepare Report 
 
 YCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 YCWA will invite Forest Service road engineers to accompany YCWA’s engineer and 

scientist into the field to observe the Primary Project Roads and Trails condition assessment 
for Primary Project Roads and Trails on NFS land. 

 YCWA will invite Forest Service road engineers to participate in the discussion with Project 
Operations staff regarding current maintenance activities for Primary Project Roads and 
Trails on NFS land. 

 YCWA will invite Forest Service road engineers to participate in the discussion regarding 
potential Project effects for Primary Project Roads and Trails on NFS land. 
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7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify Primary Project Roads and Trails (Step 1) ..................................................... October 2011 
Assess Conditions (Step 2) ................................................................. November 2011 – June 2012 
Consult with Operations Staff (Step 3) .............................................................................. July 2012 
Assess Effects (Step 4) ................................................................................................. August 2011 
Study Report Preparation (Step 5) ............................................................ August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $13,000 and 
$17,000.  
 

10.0 References Cited 
 
United States Department of Agriculture, Forest Service, Pacific Southwest Region. 1999. 

Herger-Feinstein Quincy Library Group record of decision and summary. Vallejo, CA  

_____. 2004. Record of decision for the Sierra-Nevada forest plan amendment. Vallejo, CA.  

_____, Plumas National Forest. 1988. Plumas National Forest land and resource management 
plan. Quincy, CA  

_____, Tahoe National Forest. 1990. Tahoe National Forest land and resource management plan. 
Nevada City, CA 

United States Department of Interior, Bureau of Land Management. 1976.  The Federal Land 
Policy and Management Act of 1976, as amended. 

_____. 2008.  Sierra Resource Management Plan and Record of Decision.  For the Folsom Field 
Office, February 2008. 

Yuba County Water Agency (YCWA).  2010.  Yuba River Development Project relicensing Pre-
Application Document.  Yuba County Water Agency, Marysville, CA.  
http://www.ycwa-relicensing.com. 

 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Primary Project Roads and Trails 
 ©2011, Yuba County Water Agency Page 13 of 14 

Table 9.1-1.  Summary of Project facility operation and maintenance primary roads and trails.  

Project Facilities Road Description Trails Description 
In FERC 
Boundary 
(Yes/No) 

Ownership  
Private/Public/Mixed 

Width  
(feet) 

Surface Gated (Yes/No) 
Licensee  

Trip Frequency 
Snowmobile Use, 
Plowed (Yes/No) 

Primary Access 
Road or Trail 

(Yes/No) 

Our House Diversion Dam and 
Impoundment and Lohman Ridge 
Diversion Tunnel Intake 

Accessed from Sierra Pacific Industries' 
Ridge Road.  1.84 miles to Our House 
Diversion Dam 

--  Yes 
Mixed, two segments on Forest Service  
land, no Forest Service number or SUP 

12 Paved 

Yes 
at intersection of 
Ridge Road and 

500 feet upstream 
of Dam 

1 RT/ day No Yes 

Log Cabin Diversion Dam and 
Impoundment 

From State Route 49 via Log Cabin 
Diversion Dam Road 1.19 miles 

-- Yes 
Mixed, 2 segments on Forest Service 
land, no Forest Service number or SUP 

12 Paved 
Yes, at intersection 
of State Route 49 

1 RT/ day No Yes 

Lohman Ridge Diversion Tunnel Outlet 

Accessed by spur road along the north 
bank of the Log Cabin Diversions Dam 
Impoundment about 500 feet from the 
dam to the tunnel. 

-- Yes 
Public, on Forest Service land, no 
Forest Service number or Special Use 
Permit 

NA Unpaved 
No, used as 

footpath 
NA NA Yes 

Garden Point Cove on New Bullards 
Bar Reservoir 

Garden Point Cove is accessed via 
Garden Valley Road (approximately 3.5 
miles long) from State Route 49 then 
Young Hill Road (aka Pendola Road) 
and Garden Point Cove. The site is for 
seasonal debris disposal. 

--  Partially Public, on Forest Service land 12 Unpaved 
Yes 

controlled by 
Forest Service 

2RT/ day during up 
to 3 weeks/year per 

Forest Service 
requirements. 

No Yes 

Downstream Face of New Bullards Bar 
Reservoir 

Accessed from Marysville Road to New 
Bullards Bar Dam Road 1.08 miles 

-- 

Yes, however the 
first 0.9 mile of 
road is not in 
boundary 

Mixed, Licensee and other private 
landowner 

12 Paved 
Yes 

at Marysville Road 
2RT/ day No Yes 

New Colgate Powerhouse Penstock 
Accessed from New Bullards Bar Dam 
Road, 640 ft long 

-- Yes Mixed, private and Licensee  NA Paved NA NA NA Yes 

New Colgate Penstock Guard Valve 
Accessed from Colgate Hall Road off of 
Lake Francis Road approximately 0.5 
mile long 

--  Partially 
Mixed, Licensee and other private land 
owner (first 0.3 mile) 

12 Unpaved 

Yes 
by Licensee, 

private property 
owner and PG&E. 

2 RT/ weekly No Yes 

New Colgate Powerhouse 
Accessed from Lake Francis Road 
(approximately 3.5 miles long) off of 
Old Dobbins Road via Marysville Road 

-- Partially 
Public, first 2.0 miles is maintained by 
Yuba County, and the last 1.5 miles is 
maintained by Licensee. 

14 feet, first 2.0 
miles; 12 feet, last 
1.5 miles 

Paved No 1RT/ day No No 

Narrows 2 Powerhouse and Intake 

Accessed from Scott Forbes Road 2.17 
miles to facility.  Also a 0.18 mile long 
spur section from Narrows 2 Access to 
Narrows 2 Intake at Englebright Dam 

-- Yes 

Public, State of California, USACE, 
and Licensee. USACE issued Licensee 
a Right of Way Easement in 1975 for 
the access roads and has no termination 
date. 

12 Paved 
Yes, at Scott 
Forbes Road 

2 RT/ month No Yes 

 New Bullards Bar Dam Compliance 
Monitoring Stream Flow Gage 

-- 
Accessed from New Bullards Bar 
Dam Road, about 300 yards from the 
road to the gage station. 

Partially Public, Licensee 8 
Unpaved, not 
maintained 

No 
3RT/month (by 

foot) 
No Yes 

Narrows 2 Compliance Monitoring 
Stream Flow Gage 

-- 
Accessed from Narrows 2 
Powerhouse Access Road, about 400 
yards from the powerhouse. 

Partially Public, USACE and Licensee 3 
Unpaved, not 
maintained 

No 1RT/month No Yes 

--  = not applicable 
NA = not available 
RT = Round Trip 
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Study 10.1 

VISUAL QUALITY ON FEDERAL LAND 
August 2011 

 

1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an effect on visual quality. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that one agency has jurisdiction over visual quality in the geographic area 
included in this study proposal: 1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      

 

3.0 Study Goal and Objectives 
 
The goal of the study is to identify known adverse visual quality effects due to continued O&M 
of the Project.  The objectives of the study are to identify, map, and describe United States 
Department of Agriculture Forest Service (Forest Service) inventories associated with Project 
facilities and features on public land managed by the Forest Service, and document the existing 
visual condition (EVC) of all Project facilities and features from associated viewsheds on public 
land managed by the Forest Service. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.10.4 of YCWA’s PAD describes in detail for each Project facility or feature: the form 
of access to the facility or feature; relationship to the land form; the surrounding area’s 
outstanding visual features; predominant vegetation in the Project Vicinity;1 visibility from the 
surrounding area; relative number of viewers that can normally see the facility or feature; and the 
Forest Service  visual quality management objectives applicable to the area of the Project facility 
or feature.  The Forest Service currently uses the Visual Management System (VMS) to address 
aesthetic resources.  The VMS information is found in the Land and Resource Management 
                                                 
1  For the purposes of the relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Department of Interior (USDOI), United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Plans for the Tahoe National Forest (TNF) and the Plumas National Forest (PNF) (USDA-FS 
1998, 1990). 
 
Existing information is not adequate to meet the goal of the study for public land administered by 
the Forest Service because the Forest Service inventories and objectives associated with the 
Project have not been mapped and described. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes all Project facilities and features on public land administered by the 
Forest Service, and their associated viewsheds.  The viewsheds include travel routes, recreation 
areas, and water bodies from which the Project facilities and features on NFS land are visible to 
the public.  The primary Project facility to be assessed is New Bullards Bar Dam and the 
facilities associated with the dam.  Our House Diversion Dam and Log Cabin Diversion Dam 
will be assessed only to the degree they are visible from sensitivity level 1 and 2 routes and 
recreation use areas. 
 
The following travel routes, recreation areas and water bodies have been identified as potentially 
viewing Project facilities and features: 
 
 County Route 8 also referred to as Marysville Road 

 Dark Day Campground and Boat Launch 

 Cottage Creek Boat Launch 

 Bullards Bar Reservoir Vista Point (Picnic Site) 

 Madrone Cove Campground 

 Garden Point Campground 

 Bullards Bar Reservoir 
 Cottage Creek Campground  
 Burnt Bridge Campground  (closed site – has potential to be opened in future) 
 Moran Road as it terminates at New Bullards Bar Reservoir 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition.  In addition, if additional Project facilities, 
features, recreation facilities, or dispersed concentrated use areas outside the study area are 
identified, the study area will be expanded, if necessary, in collaboration with Relicensing 
Participants, to include these areas. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
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 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study will be performed in three steps: 1) identify facilities to be evaluated; 2) information 
gathering and mapping; and 3) prepare report.  Each of these steps is described below. 
 
5.3.1 Step 1 – Identify Facilities to Evaluate 
 
In this step, Licensee will first document all existing Project facilities and features and in 
consultation with the Forest Service, finalize the list of facilities that will be evaluated in the 
study.  The preliminary list of potential viewing opportunities is provided in Section 5.1.   
 
5.3.2 Step 2 – Information Gathering and Mapping 
 
For the list of facilities identified in Step 1, YCWA will perform the following:    
 
 In consultation with the Forest Service, identify and map all sensitivity level 1 and 2 

viewsheds in the study area associated with the Project facilities identified in Step 1.   

 Map and summarize the TNF and PNF Visual Quality Objectives (VQOs) in the study area. 

 Identify and summarize the TNF and PNF Land and Resource Management Plan (LRMP) 
direction associated with the VMS inventories relative to the Project facilities identified in 
Step 1.     

 Map the location of the Project facilities identified in Step 1 with respect to their associated 
viewsheds and VMS inventories including VQOs.   

 Summarize variety classes, sensitivity levels, distance zones, and Recreation Opportunity 
Spectrum (ROS) in table format. 

 Document the existing visual conditions (EVC) of Project facilities identified in Step 1. 

 In consultation with the Forest Service, identify Key Observation Points (KOPs) where 
photographs will be taken based on the list of Project facilities identified in Step 1 using 
agreed upon photographic protocols.  Map and describe the location of the KOPs.  Also 
photograph the New Bullards Bar Reservoir from selected points at full pool and lowest 
expected pool during the study period to visually capture seasonal water fluctuations. 
 

5.3.3 Step 3 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The focus of this report will be to assess the existing visual condition and 
document whether that condition meets TNF and PNF LRMP visual direction. 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
August 2011 Revised Study Plan Visual Quality on Federal Land 
 ©2011, Yuba County Water Agency Page 5 of 6 

6.0 Study-Specific Consultation 
 
The study includes the following specific consultation: 
 
 YCWA will consult with the Forest Service regarding Project facilities to be evaluated. 

 YCWA will consult with the Forest Service to identify and map all sensitivity level 1 and 2 
viewsheds in the study area associated with Project facilities to be evaluated. 

 YCWA will consult with the Forest Service regarding KOPs. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify facilities to be evaluated (Step 1)……………………… October 2011 – November 2011 
Information Gathering and Mapping (Step2) …………………............. October 2011 – July 2012 
Report Preparation (Step 3)…………………………………………...........July – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $30,000 and 
$38,000. 
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Study 12.1 

HISTORIC PROPERTIES 
August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
historic properties.1 
 
YCWA will treat all information regarding the specific locations of cultural resource sites2, 
which include historic properties, as “Privileged and Confidential.”  Without prior approval from 
the Federal Energy Regulatory Commission (FERC), the Global Positioning System (GPS) 
coordinates and maps showing the locations of such resources will not be made available to any 
Relicensing Participant other than FERC, State Historic Preservation Officer (SHPO), United 
States Department of Agriculture, Forest Service (Forest Service) for sites on National Forest 
System (NFS) land, and tribal chairs or designated tribal representatives of the participating 
tribes.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As provided in 18 CFR § 5.5(e), on January 4, 2011, FERC, the 
lead federal agency for the licensing, designated YCWA as FERC’s non-federal representative 
for purposes of initiating consultation under Section 106 of the NHPA and the implementing 
regulations at 36 CFR § 800.2(c)(4). 
 
YCWA believes only one agency has jurisdiction over Historic Properties that could potentially 
be affected by Project-related activities, the United States Department of Agriculture, Forest 
Service on National Forest System (NFS) lands. In accordance with 36 CFR § 800.2(c)(3), “A 
representative of a local government with jurisdiction over the area in which the effects of an 
undertaking may occur is entitled to participate as a consulting party.” 
 
Additionally, direction for the management of the Plumas National Forest (PNF) is embodied in 
the PNF Land and Resource Management Plan (LMP) (USDA Forest Service, PNF 1988) as 
                                                 
1  As defined under 36 CFR 800.16(l), historic properties are prehistoric or historic sites, buildings, structures, objects, districts, 

or locations of traditional use or beliefs that are included in, or eligible for inclusion in, the National Register of Historic Places 
(NRHP).  Historic properties are identified through a process of evaluation against specific criteria.  For most cultural 
resources evaluated for listing on the NRHP, these criteria are found at 36 CFR 60.4.  

2   This study plan utilizes the term cultural sites to identify any prehistoric or historic district, site, building, structure, object, or 
Traditional Cultural Properties, regardless of its inclusion in or eligibility for inclusion in the National Register of Historic 
Places (NRHP). 
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amended by the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest 
Service, Pacific Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record 
of Decision (SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).  
 
Similarly, direction for management of the Tahoe National Forest (TNF) is embodied in the TNF 
Land and Resource Management Plan (LMP) (USDA Forest Service, TNF 1990) as amended by 
the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest Service, Pacific 
Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record of Decision 
(SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).    
 
Each of these land managing plans takes into account the effects of ground-disturbing activities 
on historic properties.  
 

3.0 Study Goals and Objectives 
 
The goal of the study is to assist FERC in meeting its compliance requirements under Section 
106 of the NHPA, as amended, by determining if licensing of the Project will have an adverse 
effect on historic properties. 
 
The objective of this study is to identify and assess Project effects on historic properties and 
potential historic properties that may be affected by Project O&M, and determining which of 
these resources requires NRHP-eligibility evaluations.  
 

4.0 Existing Information and Need for Additional 
Information 

 
Licensee’s Pre-Application Document (YCWA 2010) described existing, relevant, and 
reasonably available information regarding cultural resources.  This information is summarized 
below.  
 
4.1 Background Research 
 
To gather existing, relevant, and reasonably available information regarding cultural resources in 
the project vicinity, records searches were performed at State of California repositories in May 
and June 2009 at the North Central Information Center (NCIC) of the California Historical 
Resources Information System (CHRIS) at California State University, Sacramento (CSU, 
Sacramento) and the Northeast Information Center (NEIC) at California State University, Chico 
(CSU, Chico). 
 
The review of 96 previous cultural resources investigations and archival information indicates 
that lands in the FERC Project Boundary and within 0.25 mile of that boundary have been the 
subject of cultural resource investigations for over 40 years. YCWA estimates that the FERC 
Project Boundary contains 7,800 acres, of which approximately 4,700 acres (approximately 
60%) are within the normal maximum water surface elevation of New Bullards Bar Reservoir.  
Based on existing and reasonably available information, all but about 2,200 acres of the area 
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within the FERC Project Boundary were previously surveyed for cultural resources. However, 
most of those studies are more than 10 years old and/or do not meet current professional 
standards for fieldwork. Table 4.1-1 lists all of the previous cultural resources investigations 
identified within the Project Data Gathering Area (e.g., the FERC Project Boundary and 0.25-
mile study area surrounding the FERC Project Boundary). 
 
 

Table 4.1-1.  Previous cultural resources investigations within the Project Data Gathering Area. 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Amesbury, Tom 1998 Milk Ranch Timber Harvest Plan NCIC-8412 Yuba Challenge 

Andrews, Steven 2001 YWCA Fire Salvage Timber Harvest Plan NCIC-639 Yuba Challenge 

Banka, William 2001 Pendola Ranch Timber Harvest Plan NCIC-8297 Yuba Camptonville 

Beeson, Allison 1998 Middlebrook Timber Harvest Plan NCIC-789 Yuba French Corral 

Bevill, Russell and 
Heath Browning 

2006 

Strawberry Etals Heritage Resource Inventory, 
Feather River Ranger District, Plumas National 
Forest, Plumas, Sierra, and Yuba Counties, 
California 

NCIC-7537 Yuba Strawberry Valley 

Bjorkman, Philip 1992 McClellan Middle Fork Timber Harvest Plan NCIC-7598 
Nevada, 

Yuba 
Camptonville 

Boardman, Stan 1997 Chute Ravine Timber Harvest Plan NCIC-7859 Yuba Challenge, French Corral 

Boudreauz, Daniel 2006 
An Archaeological Survey Report for the Bullard 
Timber Harvesting Plan, Yuba County, California 

NCIC-8591 Yuba Challenge 

Bystry, Carl 1994 Henry Timber Harvest Plan NCIC-873 Yuba Challenge 

Carr, Rick 2004 
An Archaeological Survey Report for the 
Amendment Area on Section 27 Timber Harvesting 
Plan, Yuba County, California 

NCIC-7146 Yuba Challenge 

Cifelli, Chris 1977 Burnt Bridge Trail NCIC-881 Yuba Challenge 

Compas, Lynn 2004 

Cultural Resource Inventory for Pacific Gas and 
Electric's Proposed Colgate-Smartville #1 60 kV 
Transmission System Replacement Project, Yuba 
County, California 

NCIC-7099 Yuba 
French Corral, Oregon 

House, Smartville 

Compas, Lynn and 
April Van Wyke 

2007 

Cultural Resources Inventory and National Register 
of Historic Places Evaluation of the Narrows 
Substation Transformer Bank Installation, Narrows 
Hydroelectric System (FERC No. 1403), Nevada 
County, California 

NCIC-8665 Nevada Smartville 

Davidson, Dario 1995 Lowman Timber Harvest Plan NEIC-3769 
Sierra, 
Yuba 

Pike and Camptonville 

Davidson, Dario 1995 Lowman Timber Harvest Plan NCIC-8450 Yuba Camptonville 

Davidson, Dario 1999 Bope Timber Harvest Plan NEIC-2733 Sierra Pike and Camptonville 

Davidson, Dario 2002 Tanoak Timber Harvest Plan NCIC-8456 Tuba Strawberry Valley 

Davidson, Dario 2002 59er Timber Harvest Plan NCIC-8318 Yuba Camptonville 

Day, Donna 1983 
Archaeological Reconnaissance Report - Short Form 
- Milk Ranch Mining Claim 

NCIC-8441 Yuba Challenge 

Day, Donna 1984 
Archaeological Reconnaissance of the Race Track 
Mining Claim 

NCIC-8388 Yuba Strawberry Valley 

Day, Donna 1985 
Cultural Resources Inventory Report for the Oregon 
Hill Timber Compartment 

NCIC-8468 Yuba Challenge 

Day, Hollis 1997 Bean Ranch Timber Harvest Plan NCIC-8566 Yuba Clipper Mills 

Day, Hollis 1998 New Bullards Bar Timber Harvest Plan NCIC-827 Yuba Camptonville 

Deal, Krista 1980 
Archaeological Reconnaissance Report, Elbow 
Timber Sale 

NCIC-5608 Yuba Camptonville 

Dwyer, Erin and 
Elena Nilsson 

2004 
Heritage Resource Inventory of the Slapjack DFPZ, 
Plumas National Forest, California 

NCIC-9297 Yuba 
Challenge, Clipper Mills, 

Strawberry Valley 
Ferrier, Douglas 1995 Landsburg/Kerr Timber Harvest Plan NEIC-4865 Sierra Camptonville 

Fogerty, J. 2002 
Heritage Resources Inventory for the Lower Slate 
Defensible Fuel Profile Zone 

NCIC-8406 Yuba Strawberry Valley 

Frey, Richard 1991 Greenville Timber Harvest Plan NCIC-876 Yuba Challenge 

Furlong, Steven 2005 
An Archaeological Survey Report for the Steber 
Timber Harvesting Plan, Nevada County, California 

NCIC-6653 Yuba Challenge 
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Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Furlong, Steve 2007 
An Archaeological Survey Report for the Thompson 
Timber Harvesting Plan, Yuba County, California 

NCIC-8733 Yuba Challenge 

Gillett, Lucky 1994 Ruth Timber Harvest Plan NCIC-921 Yuba French Corral 

Gillett, Lucky 1994 Slapjack Timber Harvest Plan NCIC-8562 Yuba Challenge 

Gillett, Lucky 1995 Soroptomist Timber Harvest Plan NCIC-8458 Yuba Camptonville, Challenge 

Gillett, Lucky 2000 Vierra II Timber Harvest Plan NCIC-7882 Yuba Challenge 

Gillett, Lucky 2000 Celestial Valley Ditch Timber Harvest Plan NCIC-8308 Yuba Camptonville 

O’Halloran, Molly 1992 

Cultural Resource Inventory of the Oregon Insect 
Young Growth Special Salvage Timber Sale, Sierra 
County, Downieville Ranger District, Tahoe National 
Forest, Report Number 05-17-1005 

NEIC-1388 
Sierra, 
Yuba 

Goodyear's Bar, 
Camptonville, Pike, 
Strawberry Valley 

Helm, Wayne 1999 
Little Oregon Creek/Fountain House Emergency 
Timber Salvage 

NCIC-7096 Yuba Challenge 

Henrie, LeAnn 1995 
Cultural Resource Inventory for the Bullards Bar 
Underburn, Yuba County, Downieville Ranger 
District, Tahoe National Forest 

NCIC-7632 Yuba Challenge 

Humphreys, Stephen 1967 
The Archaeology of the New Bullard's Bar 
Reservoir, Yuba County, California 

NCIC-517 Yuba Camptonville 

Jensen, Erik 2003 
An Archaeological Survey Report for the Section 27 
Timber Harvesting Plan, Yuba County, California 

NCIC-7145 Yuba Challenge 

Jensen, Erik 2006 
An Archaeological Survey Report for the Section 28 
CHY 80 Amendment, Yuba, California 

NCIC-6928 Yuba Challenge 

Johnson, James 1992 Burnt Ridge Timber Harvest Plan NCIC-7888 Yuba Challenge 

Johnson, James 1994 Hauck/Dunston Timber Harvest Plan NCIC-8555 Yuba Challenge 

Johnson, James 1995 Paredes Timber Harvest Plan NCIC-8575 Yuba Camptonville, Challenge 

Johnson, James 1999 4-H Camp Timber Harvest Plan NCIC-8551 Yuba Challenge 

Johnson, Jerald and 
Dorothea 
Theodoratus; Storm, 
Donald 

1978; 
1974 

Cultural Resources of the Marysville Lake, 
California Project (Parks Bar Site), Yuba and Nevada 
Counties, California; An Archaeological Site Survey 
of Selected Portions of the Proposed Marysville Dam 
Project, Yuba River, California 

NCIC-48 
Yuba, 

Nevada 
French Corral, Oregon 

House, Smartville 

Jones, Terry 1982 

The North Yuba Survey: A Prehistoric 
Archaeological Survey of 14,000 acres in the 
Northern Sierra Nevada; also Archaeological Survey 
of the Hawkfly and the North Yuba Timber 
Compartments and the Pride Timber Sale 

NCIC-804 
Yuba, 
Sierra 

Camptonville, Challenge, 
Clipper Mills, Strawberry 

Valley 

Jones and Stokes 2003 
Cultural Resources Inventory and Evaluation Report 
for the Yuba-Feather Supplemental Flood Control 
Project, Yuba County, California 

NCIC-6014 Yuba Challenge 

Keenan, Kelly  2001 UC Field Station Vegetation Management Plan NCIC-2756 Yuba Oregon House, Smartville 

Keye, William 1993 Toll House Timber Harvest Plan NCIC-8311 Yuba Camptonville 

Kostick, Greg 1996 Vierra Timber Harvest Plan NCIC-7097 Yuba Challenge 

Kostick, Greg 2000 Hewton Timber Harvest Plan NCIC-7630 Yuba Challenge 

Kostick, Greg 2000 Patterson Timber Harvest Plan NCIC-7636 Yuba Challenge 

Leach-Palm, Laura et 
al. 

2008 

Cultural Resources Inventory of  Caltrans District 3 
Rural Conventional Highways in Butte, Colusa, El 
Dorado, Glenn, Nevada, Placer, Sacramento, Sierra, 
Sutter, Yolo, and Yuba Counties 

NCIC-9326 
Yuba, 

Nevada, 
Sierra 

Camptonville 

Leonhard, Scott 1996 Celestial Valley Timber Harvest Plan NCIC-8320 Yuba Camptonville 

Leonhard, Scott 1997 Bullards Bar Timber Harvest Plan NCIC-650 Yuba Challenge, French Corral 

Leonhard, Scott 1998 Pendola Timber Harvest Plan NCIC-7093 Yuba Challenge 

Leonhard, Scott 2001 Shappert Timber Harvest Plan NCIC-8335 Yuba Camptonville 

Levy, David 1992 Lacey-Kelly Timber Harvest Plan NCIC-841 Yuba Challenge 

Long, Kelly 2005 

An Archaeological Survey Report for the Fuel 
Reduction on Private Lands in the Forest Service 
Slapjack DFPZ - Middlebrook, A Proposition 40 
Project, Yuba County, California 

NCIC-6973 Yuba French Corral 

Maniery, James and 
Mary Maniery 

1997 
Cultural Resources Inventory of the Soper-Wheeler 
Land Exchange, Plumas National Forest, California 

NCIC-642 Yuba 
Challenge, Clipper Mills, 
French Corral, Strawberry 

Valley 
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Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

McCall, Dan 2001 Whitehead Timber Harvest Plan NCIC-7858 Yuba Challenge, Clipper Mills 

McKillop, Ryan 1998 Empire Creek Timber Harvest Plan NCIC-7112 Yuba Clipper Mills 
McMorris, 
Christopher 

2004 
Caltrans Historic Bridges Inventory Update: Metal 
Truss, Movable, and Steel Arch Bridges 

NCIC-6675 Yuba Camptonville 

Meals, Hank 1979 Camptonville Station Parking Lot Expansion NCIC-8302 Yuba Camptonville 

Newcomb, Alan 1996 Mumm Timber Harvest Plan NCIC-834 Yuba Camptonville 

Newcomb, Alan 1997 Robert Mumm Timber Harvest Plan NCIC-2038 Yuba Camptonville 

Origer, Thomas 1985 
A Report on the Archaeological Reconnaissance of 
Pacific Gas and Electric Company's Camptonville 
Timber Sale Project, Yuba County, California 

NCIC-456 Yuba Camptonville 

Peak, Melinda 1988 
Cultural Resources Assessment of the Colgate 
Tunnel Timber Sale Area, Yuba County, California 

NCIC-8233 Yuba Challenge, French Corral 

Rieger, Larry 1992 Browning Timber Harvest Plan NCIC-651 Yuba Camptonville 

Rieger, Larry 1994 Colgate-Challenge T/L Timber Harvest Plan NCIC-8558 Yuba French Corral 

Rogers, Terry 1998 Ingersoll-Dobbins Timber Harvest Plan NCIC-7852 Yuba French Corral 

Rogers, Terry 1999 Grizzly Gulch Timber Harvest Plan NEIC-2727 Sierra Camptonville 

Smith , Douglas 1997 
Pendola Ranch Timber Harvest Plan - Additional 
Harvest Acres 

NCIC-1129 Yuba Camptonville 

Smith , Douglas 1999 
Pendola Ranch Timber Harvest Plan - Additional 
Harvest Acres 

NCIC-1130 Yuba Camptonville 

Stevens, Dennis 1995 

Cultural Resource Inventory of the Bullards Bar 
Water System Replacement, Yuba County, 
Downieville Ranger District, Tahoe National Forest, 
Report Number 05-17-1145 

NCIC-7646 Yuba Challenge 

Stevens, Dennis 1993 
Cultural Resources Inventory of the Oregon Creek 
Analysis Area, Yuba and Sierra Counties, 
Downieville Ranger District, Tahoe National Forest 

NCIC-8446 Yuba Camptonville 

Stevens, Dennis 1994 

Cultural Resources Inventory of the Oregon Creek 
Analysis Area, Yuba and Sierra Counties, 
Downieville Ranger District, Tahoe National Forest 
(Addendum 1) 

NCIC-8447 Yuba Camptonville 

Stevens, Dennis 1997 Jaybird Timber Sale NCIC-8403 Yuba 
Camptonville, Strawberry 

Valley 

Stevens, Dennis 1997 
Schoolhouse, Dark Day and Hornswoggle 
Campgrounds Rebuild Archaeological Report 

NCIC-8439 Yuba Camptonville 

Stevens, Dennis 1997 
Moran Road Turnaround and Dark Day Parking Lot 
Expansion Archaeological Report 

NCIC-8459 Yuba Camptonville, Challenge 

Stevens, Dennis 1982 
Mosquito Timber Sale Archaeological 
Reconnaissance Report 

NCIC-8460 Yuba Camptonville, Challenge 

Stevens, Dennis 1988 Skyline Compartment Timber Sale NCIC-8457 Yuba Camptonville, Challenge 

Storm, Donald 1980 
Cultural Resource Investigation of the Ingersoll 
Subdivision Tracts 200, 222, and 224, near Dobbins, 
Yuba County, California 

NCIC-596 Yuba French Corral 

Violett, Paul 1992 Gellerman Timber  Harvest Plan NCIC-8559 Yuba Challenge, French Corral 

Walden, Peter 2000 Burnett Timber Harvest Plan NCIC-8552 Yuba Challenge 

Wayland, Brian 1999 Summit Hill Ranch Timber Harvest Plan NCIC-7640 Yuba Challenge 
Werner, Roger and 
Jay Flaherty 

1981 Marysville Road Cultural Resources Investigation NCIC-908 Yuba Camptonville 

Werner, Roger H. and 
Flaherty, Jay M. 

1981 Ridge Road Cultural Resources Investigation NEIC-1177 Sierra Camptonville 

Werner, Roger and 
Julia Costello 

1984 
Archaeological Reconnaissance of the Deadwood 
Creek Water Power Project 

NCIC-8401 Yuba Strawberry Valley 

Wheeler, Thomas 1980 
Marysville Road Improvement Archaeological 
Report 

NCIC-8438 Yuba Camptonville 

Wheeler, Thomas and 
Dan Stevens 

1980 
Studhorse Road Relocation Project Archaeological 
Survey 

NCIC-8434 Yuba Camptonville 

Whittlesey, Nicholas 2001 Soroptomist II Timber Harvest Plan NCIC-2757 Yuba Camptonville, Challenge 

Wiant, Wayne 1988 
Addendum-Archaeological Reconnaissance of the 
Proposed New Diversion and Access Road Locations 
for the Deadwood Creek Water Power Project 

NCIC-1005 Yuba Strawberry Valley 

Windward, Stephen 2002 Oregon Hill Timber Harvest Plan NCIC-7638 Yuba Challenge 
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Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Wise, David 1999 Jones Timber Harvest Plan NCIC-1982 Yuba Challenge 
NCIC = North Central Information Center  
NEIC=  Northeast Information Center 

 
 
For those portions of the Project located within Yuba and Nevada counties, YCWA identified a 
total of 149 previously recorded cultural resources on file at the NCIC.  Of these, 24 sites lie 
inside the FERC Project Boundary and the remaining 125 sites are within the 0.25-mile study 
area surrounding the FERC Project Boundary.  No previously recorded sites were identified for 
the Sierra County portion of the Project.  The 24 sites within the FERC Project Boundary are 
listed in Table 4.1-2. 
 
Table 4.1-2.  Previously recorded cultural resources within the FERC Project Boundary.  

# Trinomial 
Primary 

No. 

Tahoe National 
Forest Service 

No. 
Recorder/Date1 

Site 
Type2 

Brief 
Description 

NRHP 
Eligibility3 

1 CA-YUB-0018 P-58-0036 None Riddell/1966 P 

Bedrock mortars (x7) and 
midden deposits; author 
recommended testing; currently 
inundated 

Not evaluated 

2 CA-YUB-0019 P-58-0037 None Riddell/1966 P 

Bedrock mortars (x5) and 
midden deposits; author 
recommended no further work; 
currently inundated 

Not evaluated 

3 CA-YUB-0020 P-58-0038 None Riddell/1966 P 

Single depression, possible 
housepit; no author 
recommendation indicated; 
currently inundated 

Not evaluated 

4 CA-YUB-0021 P-58-0039 None Riddell/1966 P 

Bedrock mortars (x51) and 
village, several areas were 
indicative of house pits; lithic 
material; excavated and reported 
by Humphreys (1967); currently 
inundated 

Not evaluated 

5 CA-YUB-0022 P-58-0040 None Olsen/1966 P 

Bedrock mortars (number not 
indicated); author recommended 
no further work; currently 
inundated 

Not evaluated 

6 CA-YUB-0023 P-58-0041 None Olsen/1966 P 
Bedrock mortars (x5); author 
recommended no further work; 
currently inundated 

Not evaluated 

7 CA-YUB-0024 P-58-0042 None Riddell/1966 P 

Bedrock mortars (x13) and 
midden deposits; author 
recommended testing; currently 
inundated 

Not evaluated 

8 
CA-YUB-

0025/H 
P-58-0043 None Riddell/1966 P/H 

Bedrock mortars (x18) and 
midden deposits; possible 
prehistoric camp site; historic-
period stage stop; author 
recommended excavation; 
currently inundated 

Not evaluated 

9 
CA-YUB-

0026/H 
P-58-0044 None Riddell/1966 P/H 

Lithic scatter; historic-period 
farm buildings one site; author 
recommended no further work; 
currently inundated 

Not evaluated 

10 CA-YUB-0868 P-58-0886 None Storm/1977 P 

Bedrock mortars (x15) and 
pestles (x4); briefly exposed 
during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 
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Table 4.1-2.  (continued)  

# Trinomial 
Primary 

No. 

Tahoe National 
Forest Service 

No. 
Recorder/Date1 

Site 
Type2 

Brief 
Description 

NRHP 
Eligibility3 

11 CA-YUB-0887 P-58-0905 None Deen/1977 P 

Bedrock mortars (x2); briefly 
exposed during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 

12 CA-YUB-0894 P-58-0912 None 
Storm/1977, 
Flaherty and 
Werner/1984 

P Bedrock mortars (at least 6) Not evaluated 

13 CA-YUB-1054 P-58-1072 05-17-53-00072 Budy/1976 P 

Single depression, tool 
fragments, lithic debris; briefly 
exposed during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 

14 CA-YUB-1217 P-58-1236 None Peak/1988 P 
Bedrock mortars (x2) and mano 
fragments (x2) 

Not evaluated 

15 CA-YUB-1574 P-58-1918 None 
Flaherty and 
Werner/1984 

P Bedrock mortars (x3) Not evaluated 

16 None P-58-1532 None Wayland/1999 H 
Former Summit Hill Ranch, a 
late 1950s construction 

Not evaluated 

17 None P-58-1579 None 
Boardman/ 

1997 
P Bedrock mortars (x7) Not evaluated 

18 None P-58-1947 None Moine/1998 H 
Road bed, possible section of 
Ramm’s Toll Road 

Not evaluated 

19 None None 05-17-53-00102 Unknown U Unknown2 site description. Unknown 

20 None None 05-17-53-00126 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 

21 None None 05-17-53-00127 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 

22 None None 05-17-53-00139 Unknown U 
Unknown2 site description.  May 
include/encompass site P-58-
0294, located outside the APE. 

Unknown 

23 None None 05-17-53-00254 Unknown U 

Unknown2 site description; 

located on end of project road 
and needs confirmation that site 
is in APE. 

Unknown 

24 None None 05-17-53-00340 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 
1Unknown: Names of recorders and dates of  records were not available during initial records search and will researched during archival 

research; 
2Site Type: P = Prehistoric, H = Historic; P/H = Both Prehistoric and Historic; U = Unknown site contents; 
3Unknown:  Mapped site locations only available during initial records search; associated site records to be collected during archival research. 

 
The majority of historic period site assemblages reflect industrial mining and domestic 
occupations of the project vicinity; almost one-third of the historic period sites contain mining-
related features.  Historic infrastructure features, predominantly ditches and roads, were also 
identified.  Native American pre-contact sites are typical of those found throughout the region, 
namely locations with bedrock milling features and scatters of lithic material.  Other documented 
pre-contact cultural remains range from an isolated projectile point to evidence of long-term 
occupations evinced by midden deposits, possible house pits, and other domestic features. 
 
Many previously identified cultural resources were not evaluated for eligibility for inclusion in 
the NRHP. Approximately 70 percent of the surveys occurred 10 or more years ago, provide 
insufficient information to determine the adequacy of the coverage employed, or report methods 
that indicate the survey coverage was broad or otherwise did not fully cover the areas included in 
those projects.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Historic Properties Revised Study Plan August 2011 
Page 8 of 20 ©2011, Yuba County Water Agency 

A review of historical 7.5-minute United States Geological Survey (USGS) topographic 
quadrangles and BLM General Land Office (GLO) plats indicate that at least 44 potential 
historic-era sites or features may still exist, some of which may be within the FERC Project 
Boundary.  Potential historic sites are those places or features indicated in historic documentation 
(personal accounts, maps, regional histories, etc.) that may or may not still exist, and that will 
require ground-truthing to determine if materials associated with these places are present. Table 
4.1-3 lists the potential historic-period sites or features identified within the Data Gathering 
Area. 
 
Table 4.1-3.  Potential historic-period sites within the Project Data Gathering Area.  

# Type Description 
Government Land Office Data Source  

(Section, Township, Range, Date) 
Quadrangle 

1 Transportation Unlabeled trails 
Sections 4,5 and 6, Township 19 North, Range 8 
East (1878) 

Strawberry Valley, Clipper 
Mills 

2 Transportation Valley and Foster Bar Road 
Sections 16,17 and 18, Township 19 North, Range 
8 East (1878) 

Strawberry Valley, Clipper 
Mills, Challenge 

3 Mining Placer diggings 
Section 13, Township 19 North, Range 7 East 
(1871) 

Clipper Mills, Challenge 

4 Residence Bean’s house and orchard 
Section 13, Township 19 North, Range 7 East 
(1871) 

Clipper Mills, Challenge 

5 
Mining/Irrigati

on 
Ditch segment 

Section 34, Township 19 North, Range 7 East 
(1871) 

Challenge 

6 Mining 
Placer diggings, ditch, 

flumes 
Section 36, Township 19 North, Range 7 East 
(1871) 

Challenge 

7 Transportation 
North San Juan and 

Alleghany Road 
Sections 17 and 18, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

8 Field Possible agricultural field 
Section 18, Township 18 North, Range 9 East 
(1878) 

Camptonville 

9 Field Possible agricultural field 
Sections 17 and 18, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

10 Field Possible agricultural field 
Sections 18 and 19, Township 18 North, Range 9 
East (1878) 

Camptonville 

11 
Field and 
residence 

Possible agricultural field 
and residence (dot on map) 

Sections 18 and 19, Township 18 North, Range 9 
East (1878) 

Camptonville 

12 Transportation Unlabeled trail 
Sections 17,18 and 19, Township 18 North, Range 
9 East (1878) 

Pike, Camptonville 

13 Transportation Unlabeled trail 
Sections 20 and 21, Township 18 North, Range 9 
East (1878) 

Pike 

14 
Mining/Irrigati

on 
Ditch segment 

Sections 19 and 20, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

15 Residence Cabin 
Section 20, Township 18 North, Range 9 East 
(1878) 

Pike 

16 
Mining/Irrigati

on 
Ditch segment 

Sections 20 and 21, Township 18 North, Range 9 
East (1878) 

Pike Camptonville 

17 Mining Old quartz mill 
Section 20, Township 18 North, Range 9 East 
(1878) 

Pike 

18 Transportation Foster Bar Road 
Sections 3,4,7,8,and 9, Township 18 North, Range 
8 East (1876) 

Camptonville 

19 Field Possible agricultural field 
Sections 3 and 4, Township 18 North, Range 8 East 
(1876) 

Camptonville 

20 Transportation Unlabeled road 
Sections 5,6,7 and 8, Township 18 North, Range 8 
East (1876) 

Camptonville 

21 Transportation 
Bridge (over North Yuba 

River) 
Section 7, Township 18 North, Range 8 East (1876) Camptonville, Challenge 

22 Transportation Unlabeled road Section 7, Township 18 North, Range 8 East (1876) Camptonville, Challenge 

23 
Mining/Irrigati

on 
Small ditch Section 8, Township 18 North, Range 8 East (1876) Camptonville, Challenge 

24 Mining 
Lot No. 37-Nevada Mining 

Company Placer Mine 
Sections 4,8,9, and 17, Township 18 North, Range 
8 East (1876) 

Camptonville 

25 Transportation 
Road from San Juan to 

Camptonville 
Sections 9,10,11 and 16, Township 18 North, 
Range 8 East (1876) 

Camptonville 
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Table 4.1-3.  (continued) 
# Type Description 

Government Land Office Data Source  
(Section, Township, Range, Date) 

Quadrangle 

26 Transportation Unlabeled road 
Sections 10 and 11, Township 18 North, Range 8 
East (1876) 

Camptonville 

27 Mining Old gold diggings 
Section 11, Township 18 North, Range 8 East 
(1876) 

Camptonville 

28 Transportation 
“Old Road” and road 

segments 
Section 13, Township 18 North, Range 8 East 
(1876) 

Camptonville 

29 Transportation “Old Road” segment 
Section 14, Township 18 North, Range 8 East 
(1876) 

Camptonville 

30 Transportation “Old Road” segment 
Sections 10 and 15, Township 18 North, Range 8 
East (1876) 

Camptonville 

31 Transportation Unlabeled road 
Sections 16 and 17, Township 18 North, Range 8 
East (1876) 

Camptonville 

32 Field Possible agricultural field 
Sections 17 and 20, Township 18 North, Range 8 
East (1876) 

Camptonville 

33 Transportation Unlabeled road segments 
Sections 17,19 and 20, Township 18 North, Range 
8 East (1876) 

Camptonville, Challenge 

34 
Mining/Irrigati

on 
Ditch 

Sections 19, 20 and 29, Township 18 North, Range 
8 East (1876) 

Camptonville, Challenge 

35 Transportation Unlabeled road 
Sections 29 and 30, Township 18 North, Range 8 
East (1876) 

Camptonville, Challenge 

36 Transportation Unlabeled trail 
Section 30, Township 18 North, Range 8 East 
(1876) 

Camptonville, Challenge 

37 Transportation Unlabeled road segments 
Sections 1, 2, 3 and 12, Township 18 North, Range 
7 East (1878) 

Challenge 

38 Agriculture McConnell’s Orchard 
Sections 2 and 3, Township 18 North, Range 7 East 
(1878) 

Challenge 

39 Transportation Unlabeled road 
Sections 11, 13 and 14, Township 18 North, Range 
7 East (1878) 

Challenge 

40 Transportation Romb’s Bridge 
Section 13, Township 18 North, Range 7 East 
(1878) 

Challenge 

41 Field Possible agricultural field 
Section 24, Township 18 North, Range 7 East 
(1878) 

Challenge 

42 Transportation 

Unlabeled trail (connects 
with trail in Section 30, 

Township 18 North, Range 8 
East) 

Section 25, Township 18 North, Range 7 East 
(1878) 

Challenge 

43 Transportation Bullard’s Bar Road 
Sections 2,3, and 4, Township 17 North, Range 7 
East (1874) 

French Corral 

44 Transportation Road to San Juan 
Section 23, Township 16 North, Range 6 East 
(1876) 

Smartville1 

1 In 2008, the people of this community petitioned to have the name changed to Smartsville, with an ‘s’ in the middle of the name.  However, 
the USGS gage refers to the former spelling of the community name.  Therefore in this document, the community is referred to as such. 

 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area is the Area of Potential Effects (APE), which includes all lands, Project facilities 
and features within the existing FERC Project Boundary, and Project-affected locations outside 
the FERC Project Boundary.  As defined in 36 CFR § 800.16(d), an APE is:  
 

the geographic area or areas within which an undertaking may directly or 
indirectly cause alterations in the character or use of historic properties, if 
any such properties exist. The area of potential effects is influenced by the 
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scale and nature of an undertaking and may be different for different kinds 
of effects caused by the undertaking.  

 
For purposes of this relicensing, the APE includes all lands within the existing FERC Project 
Boundary and a buffer of about 200 feet surrounding the boundary of New Bullards Bar 
Reservoir. The FERC Project Boundary and APE are shown on the maps included in Attachment 
A. Land ownership within the APE includes 4,306 acres of National Forest Systems (NFS) land 
managed by the United States Department of Agriculture, Forest Service as the Tahoe National 
Forest (3,140 acres) and Plumas National Forest (1,165 acres).  Acreage within the APE and 
FERC Project Boundary is listed below in Table 5.1-1 by landowner and total acreage for each 
Project facility. 
 
Table 5.1-1.  Distribution of Project acreage by landownership and Project facility 

YRDP1 
Project Facility 

YCWA1 SPI1 
Private 1 

(other) 
TNF1 PNF1 USACE1 State 

New Colgate2 -  Nevada Co. 0 0 1.0 30.6 0 0 0 

New Colgate – Yuba Co. 3,249.6 39.2 117.9 3,062.7 1,165.6 0 0 
New Colgate – Sierra Co. 0 26.9 23.6 47.4 0 0 0 

Acreage Subtotal 3,243.8 26.9 148.1 0 0 0 0 
Narrows No. 23 –Nevada Co. 0 0 0.1 0 0 0 0 
Narrows No. 2 – Yuba Co. 1.0 0 3.3 0 0 16.0 20.0 
Narrows No. 2 – Sierra Co. 0 0 0 0 0 0 0 

Acreage Subtotal 1.0 0 3.3 0 0 16.0 20.0 
Total 3,250.6 66.2 3.3 3,140.7 1,165.6 16.0 20.0 

1 YRDP = Yuba River Development Project; YCWA = Yuba County Water Agency; SPI = Sierra Pacific Industries; Private/Other = Private 
residence or other private landholding; TNF = Tahoe National Forest; PNF = Plumas National Forest; USACOE = U.S. Army Corps of 
Engineers;  

2 New Colgate Facility includes New Bullards Bar Reservoir, New Bullards Bar Dam and Spillway, Our House Diversion Dam, Log Cabin 
Diversion Dam, New Colgate Powerhouse, Penstock, and Switchyard, and Access Roads within the FERC Project Boundary.   

3 Narrows No. 2 Facility =  Narrows No. 2 Powerhouse, Penstock, Switchyard, and Access Road within the FERC Project Boundary 

 
 
YCWA will coordinate with tribes and agencies to identify whether there are known tribal or 
other cultural resources concerns outside the FERC Project Boundary for which there is a Project 
nexus, and consult with SHPO to seek concurrence on the APE as early as possible in the 
relicensing process.  If YCWA proposes an addition to the Project, the APE will be expanded if 
necessary to include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using a Survey Grade Trimble GPS 
(sub-meter data collection accuracy under ideal conditions), or similar unit.  GPS data will be 
post-processed and exported from the GPS unit into Geographic Information System (GIS) 
compatible file format in an appropriate coordinate system using desktop software. The 
resulting GIS file will then be reviewed by both field staff and Licensee’s relicensing GIS 
analyst.  Metadata will be developed for deliverable GIS data sets. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps, each of which is described below. 
 
5.3.1 Step 1 – Obtain SHPO Approval of APE 
 
As required under Section 106 [36 CFR § 800.4(a)(1)], YCWA will submit maps depicting the 
APE to the SHPO for formal review, comment, and concurrence as early in the relicensing 
process as practicable, following the final definition of the APE.  Once approved, the maps and 
SHPO’s concurrence letter will be filed with FERC.  YCWA will include in the SHPO 
correspondence the Cultural Resources Specialists for TNF and PNF and interested tribes, if 
requested.  
 
YCWA may request that SHPO concur with a modified APE during the study if YCWA 
determines that the Project affects historic properties outside the previously SHPO-approved 
APE.   
 
5.3.2 Step 2 – Archival Research 
 
Information has been obtained from the record searches that identified previous cultural surveys 
and recorded archaeological and historic-era properties within or directly adjacent to the APE.  
Archival research will also be conducted at the repositories listed below, and others as they are 
identified during the study, to obtain additional information specific to the prehistory and history 
of the Project area, the hydroelectric system as a whole, and its individual features.  The results of 
the archival research will serve as the basis for preparing the prehistoric and historic contexts 
against which archaeological and historic-era properties may be evaluated.  Historical photographs 
located during the archival research will be cited in the text as figures and provided in a separate 
appendix, unless they are subject to copyright laws.  Previous NRHP evaluations of Project system 
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features, if they exist, will be used as much as possible.  The places to be contacted or visited shall 
include: 
 
 Oral histories, as applicable 
 United States Department of Agriculture (USDA) Forest Service, Tahoe National Forest 
 USDA Forest Service, Plumas National Forest 
 Yuba County Library California Room, Marysville 
 The Firehouse Museum, Nevada City 
 Sacramento History Center and Archives 
 State Library, Sacramento 
 Camptonville Historical Society  
 YCWA archives 
 Special Collections, Meriam Library, California State University, Chico 
 United States Army Corps of Engineers (USACE) for Englebright Reservoir Area 

 
5.3.2 Step 3 – Field Survey and Identification of Resources 
 
FERC is required to make a reasonable and good faith effort to identify historic properties that 
may be affected by the Project.  As described at 36 CFR § 800.4(b)(1), this may be accomplished 
through field surveys that are implemented in accordance with the Secretary of the Interior’s 
Standards and Guidelines for Identification (NPS 1983).  FERC is also required to consider any 
other applicable professional standards and tribal, state, or local laws or procedures to complete 
the identification of historic properties. 
 
5.3.2.1 Archaeological Field Survey 
 
Following completion of Step 2, YCWA will conduct a field survey to verify locations of 
previously recorded cultural resources and to identify previously unknown cultural resources, if 
present.  This will be completed by examining all accessible lands within the APE.  Areas within 
the APE that cannot be accessed in a safe manner (e.g., certain locations containing dense 
vegetation, or unsafe slopes) will not be included within the survey or recording of 
archaeological and historic-era properties; these areas will be identified in the resulting report 
and an explanation for survey exclusion will be provided. 
 
Field methods will include crew members walking parallel transects spaced 15-20 meters apart.  
In areas containing moderately dense vegetation or moderately steep terrain, the survey strategy 
may employ 20–40-meter transects. All topographical features encountered in moderate areas, 
and considered to be sensitive for cultural resources (i.e., springs, drainages, etc.) will be 
thoroughly inspected. Lands typically inundated by New Bullards Bar Reservoir that become 
accessible during the survey season as a result of normal reservoir draw-downs also will be 
examined. To accommodate low water levels, the field survey of the reservoir will be scheduled 
to occur as close to the periods of annual low reservoir levels as possible, depending on weather 
conditions.  Additionally, each site identified in the APE will be assessed for Project-related 
effects including, but not limited to, water fluctuation, wave action, and vegetation management 
activities. 
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The field survey will be supervised by qualified, professional archaeologists (i.e., individuals 
who meet the Secretary of the Interior’s Standards for professional archaeologists).  Tribes will 
be invited to submit resumes of qualified tribal members to participate in the field survey. The 
field survey will be used to examine all lands within the APE that can safely be accessed and will 
follow the Secretary of the Interior’s Standards and Guidelines for Archaeology and Historic 
Preservation (NPS 1983) to determine whether historic properties will be affected by the 
relicensing.  
 
Locations of previously recorded cultural resources will be verified and the sites re-recorded 
only if their existing site records or other documentation do not meet current standards for 
recording, or if the condition and/or integrity of the property has changed since its previous 
recording.  Newly discovered cultural resources, including isolated finds, will be fully 
documented following the recordation procedures outlined in Instructions for Recording 
Historical Resources (OHP 1995), which utilizes State of California, Department of Parks and 
Recreation (DPR) forms DPR 523 A-L.  A sketch map for each site recorded or re-documented 
will be drawn to-scale and the property photographed.  The locations of all archaeological sites 
and isolates documented during the survey will be plotted by YCWA’s cultural resources 
specialist or cultural consultant onto the appropriate USGS 1:24,000 scale topographic map at 
the time of discovery.  Field personnel will use a GPS receiver to document the location of 
cultural resources (including isolates) discovered during the survey, which will be plotted onto 
the appropriate USGS topographic quadrangle using the UTM coordinate system.  GPS data 
related to recordation of historic properties will adhere to DPR specifications for accuracy and 
site specific procedures, and with the General Concepts and Procedures provided above in 
Section 5.2.  Additionally, the areas examined will be plotted onto the appropriate USGS 7.5-
minute topographic quadrangle for comparison with previous survey coverage maps. 
 
Archaeological surveys that occur on Forest Service lands will require special use permits.   
 
As requested by TNF, artifacts encountered during the field survey on the TNF will be left in 
place; no artifacts on TNF will be collected during the field survey.  As requested by the PNF, 
time-sensitive diagnostic artifacts encountered during the field work will be collected and 
submitted to PNF following completion of the study.  All diagnostic artifacts encountered will be 
documented on DPR Primary Records, their positions mapped using a GPS unit, and each 
artifact photographed using a digital photography format. 
 
YCWA will schedule the field survey within New Bullards Bar Reservoir (i.e., within the normal 
maximum water surface elevation), to the extent surveys within the reservoir can be performed, 
for fall or winter, weather permitting, when annual water levels are at their lowest, as shown in 
Figure 5.3-1.  Surveys outside the New Bullards Bar Reservoir pool will be scheduled by YCWA 
at its convenience.      
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Figure 5.3-1.  Historic annual reservoir levels at New Bullards Bar Reservoir. 
 
 
5.3.2.2  Historic-Era Inventory of Project System Features 
 
A field inspection, documentation, and subsequent NRHP evaluation (see below) of the entire 
Project system will be undertaken by qualified, professional individuals meeting the Secretary of the 
Interior Standards for Architectural and Engineering Documentation.  Individual components will 
be recorded or re-recorded to meet current DPR standards.  This will include digital color 
photography and sketch maps of individual features that show the relationship of buildings within 
each compound or camp that may be associated with them. Some or all features comprising the 
hydroelectric system may not have reached 50 years of age at the time of the field survey.  
However, the entire Project system will be documented and evaluated for listing on the NRHP 
because the system will soon reach 50 years of age and because it may be associated with one or 
more of the four criteria, defined in 36 CFR 60.4, which may result in an eligibility finding that 
supercedes the age criterion. 
 
5.3.2.3 Discovery and Treatment of Human Remains 
 
If human remains are discovered during the field survey, the field supervisor will immediately 
contact YCWA and Forest Service cultural resources specialists, as appropriate. Should human 
remains be identified during the survey, or any phase of work under this plan, all work in the 
immediate area will cease and the provisions contained within federal and/or State law and 
ACHP policy (ACHP 2007) will be followed. In addition to compliance with federal and State 
law, contacts with local Native American tribes, archaeological contractors, physical 
anthropologists, YCWA system operators, Forest Service; and, in some cases, the SHPO may be 
involved.  Moreover, human remains and associated funerary objects, if any, often are viewed as 
sacred and must be treated with respect. Sensitivity toward all interested parties also is essential 
whenever human remains are concerned. 
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5.3.3  Step 4 – National Register of Historic Places Evaluation 
 
During documentation of archaeological sites and features in Step 3, YCWA will also document 
the condition of each resource to assist in identifying potential Project-related effects and level of 
integrity to provide recommendations for NRHP eligibility or evaluations.  The NRHP 
evaluations may be accomplished using up to three methods: 1) previously unevaluated sites that 
can be evaluated based on the data collected during the archival research, field survey, and site 
recording will be evaluated in a joint report that presents the results of the survey and NRHP 
evaluations, and the report submitted to affected tribes and  appropriate federal agencies for 
review and comment prior to final submission to the SHPO for concurrence; 2) previously 
unevaluated sites that are found to be affected by Project-related activities but for which 
additional archival or field studies are deemed necessary to evaluate their NRHP eligibility will 
be included in YCWA’s PM&Es for implementation and management outside of the Study Plan, 
in consultation with tribes and agencies; and 3) unevaluated sites and sites previously evaluated 
as eligible for listing on the NRHP that are not experiencing Project effects will all be managed 
as if eligible for listing on the NRHP, avoided by Project activities, and included in YCWA’s 
PM&Es for management outside of the Study Plan in consultation with tribes and agencies. 
Additionally, YCWA will consult with the participating tribes prior to submitting evaluations to 
TNF, PNF, or SHPO regarding any values that tribes may associate with prehistoric 
archaeological sites or other tribal cultural resources documented in the APE to assist in 
identifying properties that may be eligible for the NRHP.   
 
YCWA will utilize the National Register criteria for all sites to be evaluated, which are defined 
in 36 CFR 60.4, and which include the following: 
 

National Register Criteria for Evaluation. The quality of significance in 
American history, architecture, archaeology, engineering, and culture is 
present in districts, sites, buildings, structures, and objects that possess 
integrity of location, design, setting, materials, workmanship, feeling, and 
association and 
 
(a)  that are associated with events that have made a significant 

contribution to the broad pattern of our history;  

(b)  that are associated with the lives of persons significant in our past; 

(c)  that embody the distinctive characteristics of a type, period, or method 
of construction or that represent the work of a master, or that possess 
high artistic values, or that represent a significant and distinguishable 
entity whose components may lack individual distinction; 

(d)  that have yielded, or may be likely to yield, information important to 
prehistory or history. 

 
If appropriate, and depending on the results of the cultural resources inventory, the National Park 
Service Preservation Brief 36: Protecting Cultural Landscapes, may be taken into consideration 
to potentially identify whether any cultural landscapes may be present in the APE that require 
management considerations.   
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5.3.3.1 Evaluation of Historic Project System Features 
 
Previously evaluated historic Project systems or individual features will not be re-evaluated 
unless substantial changes in their conditions have been observed and documented during the 
study, or the evaluation is more than ten years old.  If deemed appropriate by a qualified, 
professional cultural resources specialist, individual historic-era features may be evaluated 
together as a district. 
 
All previously unevaluated historic-era Project features will be formally evaluated for eligibility 
to the NRHP.  The evaluation will consist of three tasks: 1) development of a historic context for 
the APE using archival research; 2) examination of each historic feature to document and assess 
the level of integrity, both individually and as an element of a potential Hydroelectric Historic 
District; and 3) the historical information and the physical site data obtained during background 
and field research will be used to evaluate the eligibility of each Project feature individually and 
as part of a potential historic district for inclusion on the NRHP. 
 
5.3.4 Step 4 – Identify and Assess Potential Project Effects on National Register-

Eligible Properties 
 
As required under 36 CFR § 800.5, YCWA will identify and assess any adverse effects on 
identified historic properties resulting from Project O&M.  As noted in Section 5.3.3, those sites 
encountered in the APE that can be evaluated based on the background research and field-
collected data will be included in a survey report that details the results of the survey and 
evaluations, and assesses any adverse effects.  Evaluation and management measures for all 
other sites will be detailed in a Historic Properties Management Plan (HPMP) as part of 
YCWA’s PM&Es, in consultation with tribes and agencies, for management outside of the study.  
Development and review of the HPMP is not part of this study.  Adverse effects are defined as 
follows: 

 
An adverse effect is found when an undertaking may alter, directly or 
indirectly, any of the characteristics of a historic property that qualify the 
property for inclusion in the National Register in a manner that would 
diminish the integrity of the property's location, design, setting, materials, 
workmanship, feeling, or association. Consideration shall be given to all 
qualifying characteristics of a historic property, including those that may 
have been identified subsequent to the original evaluation of the property's 
eligibility for the National Register.  Adverse effects may include 
reasonably foreseeable effects caused by the undertaking that may occur 
later in time, be farther removed in distance or be cumulative (36 CFR § 
800.5(a)(1). 

 
5.3.5  Step 5 – Reporting 
 
Licensee will prepare a report at the conclusion of the study that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results of study and identification of any other 
non-TCP cultural/ethnographic resources; 4) Discussion, and; 5) Description of Variances from 
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the FERC-approved study proposal, if any.  Maps will be developed that clearly depict the 
following on USGS 1:24,000 topographic maps: the study areas examined; current inventory 
coverage in the areas surveyed, including intensity of coverage; and locations of cultural 
resources identified within the study areas.   
 
Copies of this report will be provided to: the affected Indian tribes; Forest Service; SHPO; CSU, 
Chico, NEIC; CSU, Sacramento, NCIC; and FERC.  Copies without confidential or sensitive 
information and attachments also will be provided to the Camptonville Historical Society and/or 
Camptonville Community Service District. Copies of the final report and detailed locations of 
identified properties may be withheld from public disclosure in accordance with Section 304 (16 
U.S.C. 4702-3) of the NHPA (as amended). Concurrence on report recommendations will be 
sought from SHPO.   
 
As requested by FERC, a draft HPMP will be prepared using the results of the study, in 
consultation with the affected tribes, TNF, PNF, and the SHPO and included with the Draft 
License Application.  A final HPMP will be included in the Final License Application.  
Development and review of the HPMP is not part of this study. 
 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will obtain SHPO’s concurrence with the APE (Step 1.) 

 YCWA will notify and coordinate with potentially affected tribes and Forest Service prior to 
the start of the field survey to provide the proposed field schedule, obtain necessary permits 
from the Forest Service, and invite tribal representatives to participate in the survey (Step 3). 

 Any NRHP evaluations completed for cultural resources located on lands managed by federal 
agencies will be provided to the federal agency, as appropriate, and to affected tribes for 
prehistoric or tribal cultural resources, for review and consultation prior to submittal to 
SHPO for concurrence (Step 4). 

 For any planned discussions or consultation regarding the identification, evaluation, 
treatment, or disposition of archaeological sites or tribal cultural resources encountered 
within the APE, YCWA will invite, as appropriate, affected tribes, land-managing agencies, 
SHPO, and FERC to participate.  

 

7.0 Schedule 
 
Documented historic annual low reservoir levels indicate that New Bullards Bar Reservoir 
reaches its lowest water levels in November and December, when bad weather may restrict field 
efforts.  YCWA may schedule the field survey at any time the weather permits, but will schedule 
survey below the high water line of New Bullards Bar Reservoir for the fall to accommodate, to 
the extent possible, annual, normal drawdowns and low water levels.  It is the intention of the 
YCWA to submit the inventory report for review by agencies, tribes, and SHPO prior to 
distributing the HPMP for review and comment.  Development and review of the HPMP is not 
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part of this study.  YCWA anticipates the schedule to complete the study as follows assuming the 
FERC issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Archival Research (Step 1) ............................................................. October 2011 - December 2011 
Field Survey (Step 2) .......................................................................... November 2011 - April 2012 
NRHP Evaluation (Step 3) .................................................................. November 2011 - April 2012 
Identify/Assess Effects on NR-Eligible Properties (Step 4) ............... November 2011 - April 2012 
Report Preparation (Step 5) ........................................................... October 2011 - September 2012 
 

8.0 Consistency of Methods with Generally Accepted 
Scientific Practices 

 
The proposed study methods discussed above are consistent with the study methods followed in 
several recent relicensing projects.  These methods have been accepted by the participating 
Native American tribes, agencies, and other interested parties associated with those projects.  
The methods presented in this study plan also are consistent with the ACHP’s guidelines for 
compliance with the requirements of Section 106 of the NHPA found at 36 CFR 800.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $240,000 and 
$315,000. 
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Study 13.1 

NATIVE AMERICAN 
TRADITIONAL CULTURAL PROPERTIES 

August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
Traditional Cultural Properties (TCP). 
 
TCPs are locations associated with cultural practices or beliefs of a living community that are: 1) 
rooted in that community's history; or 2) important in maintaining the continuing cultural identity 
of a community.1  National Register Bulletin 38, 1998:1 (Parker and King 1998) defines a TCP 
as: 
 
 Locations associated with the traditional beliefs of an aboriginal/indigenous group about 

its origins, its cultural history, or the nature of the world and cultural landscapes. 

 A rural community whose organization, buildings and structures, or patterns of land use 
reflect the cultural traditions valued by its long-term residents. 

 An urban neighborhood that is the traditional home of a particular cultural group, and that 
reflects its beliefs and practices. 

 Locations where Native American religious practitioners have historically gone and are 
known or thought to go to today, to perform ceremonial cultural rules of practice. 

 Locations where a community has traditionally carried out economic, artistic or other 
cultural practices important in maintaining its historic identity.  

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As defined under 36 CFR 800.16(l), historic properties are 
prehistoric or historic sites, buildings, structures, objects, districts, or locations of traditional use 
or beliefs (i.e., TCPs) that are included in, or eligible for inclusion in, the National Register of 
Historic Places (NRHP).  Historic properties are identified through a process of evaluation 
against specific criteria.  For most cultural resources evaluated for listing on the NRHP, these 
criteria are found at 36 CFR 60.4.  However, to be considered a historic property, a TCP must 
meet other significance criteria identified in amendments made to the NHPA in 1992.  These 
criteria are found at §101(d)(6)(A).  
 

                                                 
1  Historic properties other than Traditional Cultural Properties (TCPs) are addressed in a separate study proposal (Study 12.1, 

Historic Properties Study) in the Relicensing. 
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2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied  

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As provided in 18 CFR § 5.5(e), on January 4, 2011, FERC, the 
lead federal agency for the licensing, designated YCWA as FERC’s non-federal representative 
for purposes of initiating consultation under Section 106 of the NHPA and the implementing 
regulations at 36 CFR § 800.2(c)(4). 
 
YCWA believes only one agency has jurisdiction over Historic Properties that could potentially 
be affected by Project-related activities, the United States Department of Agriculture, Forest 
Service on National Forest System (NFS) lands. In accordance with 36 CFR § 800.2(c)(3), “A 
representative of a local government with jurisdiction over the area in which the effects of an 
undertaking may occur is entitled to participate as a consulting party.” 
 
Additionally, direction for the management of the Plumas National Forest (PNF) is embodied in 
the PNF Land and Resource Management Plan (LMP) (USDA Forest Service, PNF 1988) as 
amended by the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest 
Service, Pacific Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record 
of Decision (SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).  
 
Similarly, direction for management of the Tahoe National Forest (TNF) is embodied in the TNF 
Land and Resource Management Plan (LMP) (USDA Forest Service, TNF 1990) as amended by 
the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest Service, Pacific 
Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record of Decision 
(SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).    
 
Each of these land managing plans takes into account the effects of ground-disturbing activities 
on historic properties.  
 

3.0 Study Goals and Objectives 
 
The goal of the study is to assist the Federal Energy Regulatory Commission (FERC) in meeting 
its compliance requirements under Section 106 of the NHPA, as amended, by determining if 
licensing of the Project will have an adverse effect on NRHP-eligible TCPs, ethnographic 
resources, or other cultural resources of tribal significance. 
 
The objective of this study is to identify TCPs and other cultural resources of tribal importance 
that may potentially be affected by Project O&M, evaluate their eligibility to the NRHP, and 
identify Project-related activities that may affect TCPs, other tribal interests, or traditional 
interests of other groups within the APE. 
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4.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Pre-Application Document (YCWA 2010) described existing, relevant, and reasonably 
available information regarding cultural resources, including TCPs.  This information is 
summarized below.  
 
4.1 Background Research 
 
To gather the necessary background information, records searches and archival research were 
completed at two information centers of the California Historical Resources Information System; 
one at the Northeast Information Center (NEIC) at California State University (CSU), Chico 
(CSU, Chico), and the other at the North Central Information Center (NCIC) at California State 
University, Sacramento (CSU, Sacramento).  The record searches included: 1) a review of 
cultural resources records and site location maps; 2) historic General Land Office (GLO) maps; 
3) an up-to-date list of NRHP-listed properties; 4) the California Register of Historic Resources; 
5) the Office of Historic Preservation Historic Property Directories for Yuba, Nevada, and Sierra 
counties; 6) 1992 California Points of Historical Interest; 7) 1996 California State Historic 
landmarks; 8) 1976 California Inventory of Historic Resources; and 9) a search of the NEIC and 
NCIC files for ethnographies or other cultural reports relevant to the study. 
 
The records searches were employed in part to identify Indian Trust Assets (ITA)2 and TCPs 
within the FERC Project Boundary and adjoining area. 
 
No TCPs, ITAs, Indian Reservations, lands designated under tribal ownership, or any other ITAs 
were encountered during the research. 
 
Therefore, additional data gathering, including additional archival and field research, is needed 
to augment the data collected to-date in order to identify whether TCPs could be affected by 
continued Project O&M. 
 
4.2 Identification of Potentially Affected Native American Tribes 
 
YCWA contacted the Native American Heritage Commission (NAHC) on March 9, 2009, to 
obtain a listing of tribal groups or individuals who should be notified regarding the Project.  
NAHC replied to this request on March 16, 2009.  All individuals and organizations included on 
NAHC’s list were contacted by telephone in April 2009: four responded to the calls. 
 
Additional tribal representatives with interests in the Project have also been identified through 
other relicensing projects. These individuals and those previously notified were both contacted in 
June 2009 so that YCWA could provide updates regarding the relicensing. 

                                                 
2  ITAs are legal interests in assets held in trust by the federal government for Indian tribes or individual Indians.  These can be real 

property, physical assets, or intangible property rights.  ITAs do not include things in which a tribe or individuals have no legal 
interest.   
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In July 2009, YCWA mailed to those tribal representatives identified in the Project PAD 
Information Questionnaires (Appendix A) to solicit concerns or additional information regarding 
the Project. 
 
Additionally, all individuals contacted during the June 2009 call were invited to attend a Project 
information meeting on September 9, 2009, and invitations to the meeting were mailed on 
August 10, 2009, to each representative as well as to the United States Department of 
Agriculture Forest Service (Forest Service), United States Department of interior, Bureau of 
Land Management (BLM), State Historic Preservation Officer (SHPO) and FERC.  Two 
individuals, both from Save the Salmon, a non-governmental organization, and no tribal 
members or agencies attended the September 9 meeting. 
 
Following YCWA’s initial contact with tribes and tribal representatives, three tribes initially 
declined participation in the relicensing process, as described below in Table 4.2-1.  Two of 
these tribes have since informed the YCWA that they will participate in the Project relicensing.  
As of February 2011, no communications from tribes other than those listed in Table 4.2-1 have 
been received in response to various contacts and outreach from the YCWA.  Additional 
outreach to tribes will occur during the Study Plan implementation to augment current efforts to 
date, and to make every effort to contact individuals and tribes who may have an interest in the 
Project.  Currently, Strawberry Valley Rancheria, Enterprise Rancheria, Nevada City Rancheria, 
and United Auburn Indian Community of the Auburn Rancheria are actively participating in the 
Project relicensing. 
 
Table 4.2-1.  Tribes and tribal representatives contacted as of February 2011. 

Tribe Individual Contacted 

Berry Creek Rancheria of Maidu Indians 
Jim Edwards, Chairperson 

Dwayne M. Brown, Jr., Environmental Coordinator 
Concow Maidu Tribe of  Mooretown Rancheria 
 

Laura Winner, Chairperson 
Guy Taylor, Director, Environmental Protection Office 

Enterprise Rancheria of Maidu Indians1 
 

Glenda Nelson, Chairperson 
Frank Watson, Vice Chairperson 

Ren Reynolds, EPA Planner 

Colfax-Todds Valley Consolidated Tribe2 

Stephen Prout, Acting Chairperson 
Sandy Marks 
Judy Marks 

Alicia Juelch 
Clyde Prout 
Leon Portras 

Marjorie J. Cummins 

Greenville Rancheria of Maidu Indians 
Kyle Self, Chairperson 

Crista Stewart, Environmental Manager 
Lacie Miles 

Mechoopda Indian Tribe of Chico Rancheria Michael DeSpain, Director OEPP 

Nevada City Rancheria, Nisenan Tribe 
Virginia Covert, Vice Chairperson 

Shelly Covert, Secretary 
member 

Nisenan/Maidu April Moore 

Strawberry Valley Rancheria 
Cathy Bishop, Chairperson 

Rea Cichocki 

Todds Valley Miwok-Maidu Cultural Foundation (Non-profit) 
Jerri White Turtle 

Lois Zellner 
Brigette Zellner 

Tsi-Akim Maidu Tribe 
Don Ryberg, Chairperson 

Grayson Coney 
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Table 4.2.1.  (continued) 
Tribe Individual Contacted or Participating 

United Auburn Indian Community of the Auburn Rancheria3 
David Keyser, Chairperson 

Marcos Guerrero, Representative 

Washoe Tribe of Nevada and California 

Waldo Walker, Chairperson 
Darrel Cruz, THPO 

Rose Wood 
Lynda Shoshone 
Brian Wallace 

Unaffiliated Individuals 

Clara LeCompte 
Tyrone Gore 
Bill Jacobson 
Ralph Rose 

1 By letter dated August 12, 2009, the Enterprise Rancheria advised YCWA that “At this time Enterprise Rancheria will not be interested in the 
Yuba River Development Project.” At a meeting held on October 1, 2010, Enterprise Rancheria informed YCWA that they will now 
participate in the Yuba River Development Project relicensing.  

2   Per telephone communications on July 10, 2009, the Colfax-Todds Valley Consolidated Tribe advised YCWA that the Project is too far away 
and that they will not be participating in the Yuba River Development Project. 

3 The United Auburn Indian Community of the Auburn Rancheria (UAIC) was unable to attend the September 9, 2009 meeting due to 
scheduling conflicts.  

 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area is the Area of Potential Effects (APE), which includes all lands, Project facilities 
and features within the FERC Project Boundary, and Project-affected locations outside the FERC 
Project Boundary.   
 
The APE may be modified if during the study, it is determined that the Project affects TCPs 
outside the APE.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
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Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using a Survey Grade Trimble GPS 
(sub-meter data collection accuracy under ideal conditions).  GPS data will be post-processed 
and exported from the GPS unit into Geographic Information System (GIS) compatible file 
format in an appropriate coordinate system using desktop software. The resulting GIS file 
will then be reviewed by both field staff and Licensee’s relicensing GIS analyst.  Metadata 
will be developed for deliverable GIS data sets. 

 
5.3 Study Methods 
 
The study methods will consist of the following seven steps, each of which is described below. 
 
5.3.1  Step 1 – Obtain SHPO Approval of APE 
 
As required under Section 106 [36 CFR § 800.4(a)(1)], YCWA will submit maps depicting the 
APE to the SHPO for formal review, comment, and approval.  Once approved, the maps 
including SHPO’s concurrence letter will be filed with FERC.   
 
5.3.2  Step 2 – Archival Research 
 
YCWA will, at a minimum, conduct additional archival research at the following repositories: 
 
 California Native American Commission 

 Sacred Lands Files 

 University of California, Berkeley, The Bancroft Library  

 Western Americana Collection 
 Native American Studies/Anthropology/Archeology/Linguistics 

 University Archives, Department of Anthropology Records 
 C. Hart Merriam Papers 
 Dorothea J Theodoratus Papers 
 Samuel Alfred Barrett Papers 
 A. L. Kroeber Papers 

 California State Library, California Room 

 California History Collections 
 Manuscript Collections 
 Pictorial Resources 
 Maps 
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 North Central Information Center, California State University, Sacramento (CSU, 
Sacramento) 

 Northeast Information Center, California State University, Chico (CSU, Chico) 

 California State University, Chico 

 Special Collections, Meriam Library 
 NE California Collection 
 Historic Photograph Collection, 
 Historic Map Collection 
 Dorothy Morehead Hill Collection 
 The Bleyhl Collection 

 
 National Archives and Records Administration, Pacific Region, San Francisco 

 Bureau of Indian Affairs, Record Group 75 
 Indian Health Service, Record Group 513 
 U.S. Geological Survey, Records Group 57 

 
    National Park Service Preservation Brief 36 

 Yuba County Library, Marysville  

 California Room 

 Phoebe Hearst Museum of Anthropology 

 Ethnographic Collections 

 U. S. Army Corps of Engineers, Sacramento District 

 Archives for the Marysville Lake Project (Parks Bar Site) 

 Affected tribes 

 Talk with tribal ethnographers  

 Review Ethnographic References 

 Hugh W. Littlejohn 
 Dorothea Theodoratus 
 Arlene H. Towne and Norman L. Wilson 
 Thorn (UC Irvine or UC, Los Angeles) 
 Sherry Tatsch, Dissertation (UC, Davis)  
 Francis A. Riddell (Archives, California State Library) 

 
 United States Army Corps of Engineers (USACE) for Englebright Reservoir Area 

 Other appropriate repositories identified during the research 
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5.3.3  Step 3 – Tribal Consultation and Identification of Resources 
 
Following the ethnographic literature review in Step 2, the next step in identifying potential 
TCPs will involve extensive tribal consultation.  Consultation and any fieldwork and potential 
TCP documentation shall be undertaken in accordance with Section 106 of the NHPA, as 
amended, and shall be consistent with National Register Bulletin No. 38, Guidelines for 
Evaluating and Documenting Identification of Traditional Cultural Properties (Parker and King 
1998). 
 
In order to facilitate tribal consultation, YCWA intends to retain a qualified, professional 
ethnographer who meets the standards for ethnography as defined in Appendix II of National 
Register Bulletin No. 38.  YCWA will coordinate its selection of the ethnographer with the 
assistance of affected tribes and other interested cultural/tribal stakeholders. 
 
The ethnographer, in consultation with tribal representatives (i.e., tribal chairs, tribal councils, 
elders, as directed by the tribes), will determine the scope and breadth of interviews.  The 
ethnographer will then contact the appropriate tribe(s) and interested tribal and cultural 
stakeholders to arrange for interviews at a time and location acceptable to those tribal 
Interviewees.  Tribal interviewees and the ethnographer may need to visit the APE together to 
accurately define potential TCPs or other ethnographic and non-TCP cultural resources of 
importance to the tribes.  If necessary, YCWA will arrange for an initial introductory meeting 
between YCWA, tribal representatives and the ethnographer. 
 
Interviews may be conducted on a one-on-one basis with the ethnographer.  The oral traditions 
and information collected during the interviews will be used to help define potential TCPs, 
identify other cultural resources of tribal significance in the APE, and assist in making sound 
judgments and management decisions in Project planning. If during the tribal interviews the 
ethnographer and interviewees determine it appropriate, YCWA’s ethnographer will coordinate 
with tribal interviewees to obtain Traditional Ecological Knowledge (USFWS 2011). The sole 
purpose of addressing Traditional Ecological Knowledge (TEK) will be to identify important 
tribal locations and cultural resources within the APE3. 
 
If participating tribes do not wish to disclose the locations of any potential TCPs or other cultural 
resources, YCWA will instead work with the tribes to identify the general issues and concerns 
that the tribe(s) may have regarding potential impacts of the Project upon resources known to the 
tribe(s) and further work and with the tribes and appropriate land management agencies to 
develop agreeable measures to address these concerns. 
 
5.3.4  Step 4 –Site Visits 
 
Tribal interviewees, or a physically capable tribal representative, and YCWA’s ethnographer 
may wish to visit archaeological sites (i.e., locations containing artifacts, features, or other 

                                                 
3  The USFWS developed the TEK study approach for purposes of developing conservation plans on USFWS lands.  Licensee 

deems development of any similar conservation plans beyond the scope of the TCP Study Plan and beyond the identification of 
the historic properties requirements as provided for in Section 106 of the NHPA.     
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physical remains from past human activities) identified during the study or during YCWA’s 
Historic Properties Study (Study 12.1).  The purpose of the visit would be to provide tribal 
representatives the opportunity to examine any archaeological sites of interest to the tribes that 
were encountered during the Historic Properties Study fieldwork, and to enable the ethnographer 
to obtain additional information on potential TCPs that may be associated with the sites.  YCWA 
or YCWA’s ethnographer will make a reasonable effort to reach out to participating tribes to 
invite participation in archaeological site visits by calling, sending letters by way of the U.S. 
Postal Service, or through electronic mail.  For archaeological sites on Forest Service-managed 
land, Forest Service cultural specialists will be invited to participate in the field visits, and may 
want to meet in advance with tribal representatives prior to any archaeological site visits planned 
for Forest Service-managed lands. YCWA anticipates that the Forest Service will keep 
information about prehistoric archaeological sites and TCPs confidential. If any ethnographic 
sites (e.g., locations of tribal interests or activities that may or may not contain the physical 
remains from past or present activities) are identified during background research, tribal 
representatives may also wish to visit those locations.  Depending on the tribes’ wishes, the 
ethnographer may also visit the ethnographic sites, as well as Forest Service cultural specialists 
on forest service-managed lands.       
 
5.3.5  Step 5 – National Register of Historic Places Evaluation 
 
Following completion of Step 4, YCWA’s ethnographer will evaluate the eligibility of identified 
TCPs and other cultural resources of tribal importance for listing on the NRHP using the data 
collected from the field studies described above, and in consultation with participating tribes.  
Although the National Register codifies the criteria used to evaluate most cultural resources for 
listing on the NRHP at 36 CFR 60.4, amendments to the NHPA in 1992 [§101(d)(6)(A)] specify 
that properties of traditional religious and cultural importance to a tribe may be determined 
eligible for inclusion in the NRHP because of their “association with cultural practices or beliefs 
of a living community that are: 1) rooted in that community’s history; and 2) are important in 
maintaining the continuing cultural identity of the community.”  Therefore, a TCP can only be 
significant and eligible for listing on the NRHP if it meets these two criteria. Other cultural 
resources that may be identified during this study plan will be evaluated against all appropriate 
NRHP criteria. 
 
All TCP’s that can be evaluated at this phase will be formally evaluated in consultation with 
affected tribes, the appropriate federal agencies and the SHPO. Formal evaluations will be 
submitted to the appropriate agency and affected tribes for review and comment prior to final 
submission to the SHPO for concurrence. YCWA will work with tribes regarding resources of 
tribal importance that may not qualify for the NRHP, or resources for which tribes do not wish to 
disclose their locations, to identify the general issues and concerns that the tribe(s) may have 
regarding potential impacts of the Project upon resources known to the tribe(s) and further work 
and with the tribes and appropriate land management agencies to develop agreeable measures to 
address these concerns. 
 
If appropriate, and depending on the results of the TCP study, the National Park Service 
Preservation Brief 36: Protecting Cultural Landscapes, may be taken into consideration to 
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identify whether any cultural landscapes may be present in the APE that require management 
considerations.   
 
5.3.6 Step 6 – Identify and Assess Potential Project Effects on National Register-

Eligible Properties 
 
As required under 36 CFR § 800.5, YCWA will identify and assess any adverse effects on TCPs 
resulting from Project O&M.  Adverse effects are defined as follows: 
 

An adverse effect is found when an undertaking may alter, directly or 
indirectly, any of the characteristics of a historic property that qualify the 
property for inclusion in the National Register in a manner that would 
diminish the integrity of the property's location, design, setting, materials, 
workmanship, feeling, or association. Consideration shall be given to all 
qualifying characteristics of a historic property, including those that may 
have been identified subsequent to the original evaluation of the property's 
eligibility for the National Register.  Adverse effects may include 
reasonably foreseeable effects caused by the undertaking that may occur 
later in time, be farther removed in distance or be cumulative (36 CFR § 
800.5(a)(1)). 

 
5.3.7 Step 7 – Reporting 
 
YCWA will prepare a report at the conclusion of the study that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion, and; 5) Description of 
Variances from the FERC-approved study proposal, if any.   
 
Copies of this report will be provided to the affected Indian tribes, Forest Service, SHPO, CSU at 
Chico, NEIC, CSU at Sacramento, NCIC, and FERC.  Copies of the final report and detailed 
locations of identified properties may be withheld from public disclosure in accordance with 
Section 304 (16 U.S.C. 4702-3) of the NHPA, as amended. Concurrence on report 
recommendations will be sought from SHPO.  Tribes, Forest Service, and other interested parties 
will be provided the opportunity to review the TCP report before it is sent to SHPO for 
concurrence. 
 
As requested by FERC, a draft Historic Properties Management Plan (HPMP) will be prepared 
using the results of the study, in consultation with the affected tribes, TNF, PNF, and the SHPO 
and included with the Draft License Application.  Development and review of the HPMP is not 
part of this study.  A final HPMP will be included in the Final License Application.   
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6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will obtain SHPO’s concurrence with the APE.  (Step 1.) 

 YCWA will coordinate its selection of the ethnographer with the assistance of affected tribes 
and other interested cultural/tribal stakeholders (Step 3).  

 YCWA’s ethnographer will consult with tribal representatives (i.e., tribal chair, tribal 
council, elders, as directed by the tribes) to determine the scope and breadth of interviews 
(Step 3). 

 YCWA’s ethnographer will contact the appropriate tribe(s) and interested tribal and cultural 
stakeholders to arrange for interviews at a time and location acceptable to those tribal 
Interviewees.  All consultation will be undertaken in accordance with Section 106 of the 
NHPA, as amended, and shall be consistent with National Register Bulletin No. 38, 
Guidelines for Evaluating and Documenting Identification of Traditional Cultural Properties 
(Parker and King 1998) (Step 3). 

 If field visits are needed, YCWA’s ethnographer will contact by telephone, U.S. Postal Mail, 
and/or electronic mail to invite tribal interviewees, tribal representatives and the Forest 
Service, if the sites are located on Forest Service-managed land, to visit archaeological sites 
that may be of interest to the tribes (Step 4). 

 Tribes, Forest Service, and other interested parties will be provided the opportunity to review 
the TCP report before it is sent to SHPO for concurrence (Step 7). 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study proposal is as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Planning/Pre-field Arrangements (Step 1) ...................................... October 2011 - December 2011 
Field Work (Steps 2, 3 & 4) ...................................................................... October 2011 - July 2012 
Office Work (Steps 5 & 6) ......................................................................... July 2012 - August 2012 
Report Preparation (Step 7) ............................................................. August 2011 - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The proposed study methods discussed above are consistent with the study methods followed in 
several recent relicensing projects.  These methods have been accepted by the participating 
Indian tribes, agencies, and other interested parties associated with those projects.  The methods 
presented in this study plan also are consistent with the ACHP’s guidelines for compliance with 
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the requirements of Section 106 of the NHPA found at 36 CFR 800 and with the related 
guidance set forth in National Register Bulletin 38. (Parker and King 1998.) 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $121,500 and 
$139,000. 
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APPENDIX 2 

REDLINED DETAILED STUDY PROPOSALS 
 
To facilitate FERC’s and Relicensing Participants review of the Revised Study Plan, YCWA has 
included in this Appendix 2 redlined versions of the study proposals that were included in 
YCWA Proposed Study Plan.  The redline versions show changes, including editorial and 
formatting changes, that were made from the Proposed Study Plan to the Revised Study Plan to 
each study proposal. Table App 2 below provides a list of the redline study proposals in 
Appendix 2. 
  
Table App 2.  List of redlined study proposals included in Appendix 2.1 

Study Number Study Name 
GEOLOGY AND SOILS 

1.1 Channel Morphology Upstream of Englebright Reservoir 
1.2 Channel Morphology Downstream of Englebright Dam 

WATER RESOURCES 
2.1 Hydrologic Alteration 
2.2 Water Balance/Operations Model 
2.3 Water Quality 
2.4 Bioaccumulation 
2.5 Water Temperature Monitoring 
2.6 Water Temperature Model 

AQUATIC RESOURCES 
3.1 Aquatic  Macroinvertebrates Upstream of Englebright Reservoir 
3.2 Aquatic  Macroinvertebrates Downstream of Englebright Dam 
3.3 Special-Status Aquatic Mollusks 
3.4 Special-Status Amphibians – Foothill Yellow-Legged Frog Surveys 
3.5 Special-Status Amphibians – Foothill Yellow-Legged Frog Habitat Modeling 
3.6 Special-Status Turtles – Western Pond Turtle 
3.7 Reservoir Fish Populations 
3.8 Stream Fish Populations Upstream of Englebright Reservoir 
3.9 Stream Fish Populations Downstream of Englebright Dam 
3.10 Fish Instream Flow Upstream of Englebright Reservoir 
3.11 Fish Entrainment 

WILDLIFE RESOURCES 
4.1 Special-Status Wildlife – California Wildlife Habitat Relationships 
4.2 Special-Status Wildlife – Bats 

BOTANICAL RESOURCES 
5.1 Special-Status Plants 

WETLAND, RIPARIAN AND LITTORAL HABITATS 
6.1 Riparian Habitat Upstream of Englebright Reservoir 
6.2 Riparian Habitat Downstream of Englebright Dam 
6.3 Wetlands 

THREATENED, ENDANGERED AND FULLY PROTECTED SPECIES 
7.1 ESA-Listed Plants 
7.2  Narrows 2 Powerhouse Intake 
7.3 ESA-Listed Amphibians – California Red-Legged Frog 
7.4 ESA-Listed Wildlife – Valley Elderberry Longhorn Beetle 
7.5 CESA-Listed Plants 
7.6 CESA-Listed and Fully Protected Wildlife – California Wildlife Habitat Relationships 
7.7 CESA-Listed and Fully Protected Wildlife – Bald Eagle 
7.8 ESA/CESA-Listed Salmonids Downstream of Englebright Dam 
7.9 North American Green Sturgeon Downstream of Englebright Dam 
7.10 Instream Flow Downstream of Englebright Dam 

RECREATIONAL RESOURCES 
8.1 Recreation Use and Visitor Surveys 
8.2 Recreational Flow 
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Table App 2.  (continued) 
Study Number Study Name 

LAND USE 
9.1 Primary Project Roads and Trails 

AESTHETIC RESOURCES 
10.1 Visual Quality 

CULTURAL RESOURCES 
12.1 Historic Properties 

TRIBAL RESOURCES 
13.1 Native American Traditional Cultural Properties 

1 Study proposal attachments are not included in the redline study proposals, but are included in Appendix 1:  Clean Detailed Study Proposals. 
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Study 1.11 

CHANNEL MORPHOLOGY 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

AprilAugust 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
channel morphology and fluvial processes, which could affect channel morphology upstream of 
the United States Army Corps of Engineer’s (USACE) Englebright Dam.2 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
LicenseeYCWA believes that fourfive agencies have jurisdiction over channel morphology and 
the resources that could be potentially affected in the geographic area covered in this study 
proposal:  1) the United States Department of Agriculture, Forest Service (Forest Service) on 
National Forest System (NFS) land; 2) United States Department of Interior, Fish and Wildlife 
Service (USFWS); 3) United States Department of Commerce, National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 45) State Water Resources Control Board Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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NMFS 
NMFS jurisdiction is described by NMFS in its March 7, 2011 letter to FERC providing 
NMFS’s comments on YCWA’s PAD, specifically in Enclosure G – Resource Management 
Goals and Objectives, as well as NMFS’ Request for Information or Study #4, Effects of the 
Project and Related Facilities on Coarse Substrate for Anadromous Fish:  Sediment Supply, 
Transport and Storage, specifically see page 16, section 5.9 (b): 2.0 Resource Management Goals 
of NMFS.  NMFS’s jurisdiction and management goals are not repeated here.   
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to quantify or characterize river form, process and interaction with the 
riparian zone in reaches upstream of the normal maximum water surface elevation of Englebright 
Reservoir potentially affected by continued operations of the Project. 
 
The objectives of the study are to collect information necessary to meet the study goal.  
Specifically, the study objectives include: 1) develop a quantitative and qualitative understanding 
of Project effects on substrate mobility, sediment supply, in-channel storage, sediment transport, 
particle size distribution, spill channel flow effects on channel morphology, and erosion, 
mainstem Yuba River scour and/or deposition from New Colgate Powerhouse releases, and 
floodplain connectivity at multiple scales. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Considerable information has been obtained or developed by YCWA and is provided in 
YCWA’s Yuba River Development Project relicensing Preliminary Information Package 
(YCWA 2009).  The information includes but is not limited to: 
 
 Topographic and hydrographic information of the Project-affected reaches (Preliminary 

Information Package, Section 3.0 General Description of River Basin and Appendix D - 
Project Maps)  
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 Hydrologic information, modeling and statistics for Project-affected reaches (Preliminary 
Information Package, Section 7.2 Water Resources and Appendix F - Hydrology) 

 Operations procedures for Project facilities (Preliminary Information Package, Section 6.0 
Project Location Facilities and Operations) 

 Low altitude aerial video of all Project-affected reaches and facilities (Preliminary 
Information Package, Appendix E - Project Helicopter Video) 

 Existing information regarding sediment yields (Preliminary Information Package, Section 
7.1.5.1 Geology and Soils) 

 Preliminary classification of Project reach types conducted by LicenseeYCWA in 2009 
(Preliminary Information Package, Section 7.1.7.2 Geology and Soils) 

 Sediment management and volumes removed from Our House Diversion Dam (Preliminary 
Information Package, Section 7.7.1.2. Geology and Soils) 

 
Information not included with the Preliminary Information Package, but that is available as 
Attachment 3.10A to Licensee’sYCWA’s Instream Flow Above Englebright Study Proposal 
(Study 3.10) is a Habitat Mapping Report of the Yuba River Development Project done by 
LicenseeYCWA in 2009.  This report includes channel and habitat descriptions of ground-
mapped and video mapped Project-affected streams; substrate, bank material, large woody debris 
(LWD) counts, estimated quantity of salmonid spawning sized gravel, potential natural barriers 
to upstream fish movement, notes regarding access, and photographs.    
 
To achieve the study goals, additional information is needed, which includes: 
 
 Review of current and historic aerial photographs 

 Field measurement of cross-section profiles 

 Frequency of critical flows under regulated and unimpaired conditions 

 Stage-discharge relationship, based on field measurementCalibration of calibration flows, to 
use in sediment transport model forusing tracer rocks 

 Quantification of coarse sediment mobilitystorage at intensive study sites and, in conjunction 
with flow frequency analysis, frequency of floodplain inundation at selected accessible 
locations in the Middle Yuba and Oregon Creek 

 Field measurement of longitudinal profile 

 Mapping and classification of textural facies 

 Distribution and size of channel morphological features such as bedrock outcrops, boulders, 
gravel accumulations, and floodplains  

 Assessment of condition of riparian zone and distribution of riparian vegetation (e.g., bars, 
alluvial fans) 

 Spill channel flow and erosion 

 Tributary bedload input 

 Sediment supply estimates using available data 
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 Areal extent of bedload deposit upstream of New Bullards Bar Reservoir mean maximum 
elevation in Slate Creek, and description of geometry and substrate in Slate Creek 
immediately upstream of influence 

 Areal extent of bedload deposit upstream of Our House Diversion Dam in the Middle Yuba 
upstream of Our House Diversion Dam, and description of geometry and substrate in the 
Middle Yuba River immediately upstream of influence 

 Areal extent of bedload deposit upstream of Log Cabin Diversion Dam in Oregon Creek 
upstream of Log Cabin Diversion Dam, and description of the geometry and substrate in 
Oregon Creek immediately upstream of influence 

 

5.0 Study Methods and Analysis 
 
The study includes collecting data to develop a quantitative and qualitative understanding of the 
effects of regulation on the interactions of hydrology, channel morphology, and the riparian 
environment in stream reaches upstream of the Englebright Reservoir potentially affected by the 
Project. 
 
5.1 Study Area 
 
The study area includes: 1) the Middle Yuba River from Our House Diversion Dam to the 
confluence with the North Yuba River; 2) Oregon Creek from the Log Cabin Diversion Dam to 
the confluence with the Middle Yuba River; 3) the North Yuba River from New Bullards Bar 
Dam to the confluence with the Middle Yuba River; 4) the portion of the Yuba River from the 
confluence of the North and Middle Yuba rivers downstream to the normal maximum water 
surface elevation of Englebright Reservoir; and 5) the portion of the Middle Yuba, Oregon 
Creek, and Slate Creek affected by base-level control exerted by either the diversion dam (Our 
House, Log Cabin) or reservoir water level (New Bullards Bar Reservoir).   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
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variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions 

 Licensee’s performance of the study does not presume that Licensee agrees to, or is 
responsible in whole or in part for measures that may be proposed arising from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software.  The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Study Methods 
 
The study will be performed in six steps: 1) select study sites; 2) field measurements; 3) assess 
sediment mobility; 4) QA/QC data; 5) analyze data; and 6) prepare report.  Each step is 
described below.  
 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 - Select Study Sites 
 
LicenseesYCWA will co-locate study sites to the extent possible with the Licensee’sYCWA’s 
Study 3.9 Instream Flow Above Englebright Reservoir and Study 6.1 Riparian Habitat Above 
Englebright Reservoir.  Instream Flow study sites (transect or transect cluster locations as part of 
the PHABSIM [“Physical Habitat Simulation”] aspect of the Instream Flow study) are selected 
within a reach to represent the range of channel and habitat types in the reach (Bovee 1982).  The 
characteristic feature of a PHABSIM study reach is homogeneity of the channel structure and 
flow regime.  The sites chosen for this study will represent those sites most likely to exhibit 
effects of Project features and operations on channel morphology and habitat features.  YCWA 
will consult with Relicensing Participants on study site selection.  Specifically, YCWA  will send 
an e-mail notice to Relicensing Participants as early as possible but no less than 2 weeks in 
advance regarding an office meeting to select potential study sites.  During the meeting, maps, 
the aerial video (HDR 2009a) and the habitat mapping data (HDR 2009b) will be reviewed and 
potential sites for study will be selected. 
 
Based on historic and habitat mapping information, in the Middle and North Yuba rivers and in 
the Yuba River upstream of Englebright Reservoir, channel characteristics are primarily 
controlled by bedrock and boulders, rather than fluvial processes.  In other words, these channels 
are not usually “self-formed” and boulders and bedrock control lateral and vertical stability.  
Bedrock channels are generally insensitive to short-term changes in sediment supply or 
discharge.  Only a persistent decrease in discharge and/or an increase in sediment supply 
sufficient to convert the channel to an alluvial morphology would significantly alter bedrock 
channels (Montgomery and Buffington 1993).  However, there may be localized changes to 
morphology and substrate distribution that may affect aquatic ecology. 
 
Characteristics of the areas where channel morphology sites will be placed are gradients less than 
2 percent, accumulations of gravel and finer material in channel and on margins, and floodplain 
and/or terrace development.  There are bedload deposits upstream of Log Cabin Diversion Dam, 
Our House Diversion Dam, and New Bullards Bar Reservoir mean high water level in Slate 
Creek due to base control by these diversions/water levels.  To evaluate the extent of the 
deposits, sites will be established in Oregon Creek, Middle Yuba, and Slate Creek immediately 
upstream of these controls.  Based on habitat mapping information, the study could consider 
nine10 possible study-site locations  (Table 5.3-1). 
 
Table 5.3-1.  Potential location and character of reaches within which to locate channel morphology 
study sites. 

Stream Potential Location Character 

Middle Yuba River 

Below Oregon Creek in the vicinity of 
Freemans Crossing 

Moderately and unconfined channel, ~1% gradient, alluvial and 
depositional. 

Above Oregon Creek  
Steeper (>1% gradient), confined, more transport-dominated than 
below Oregon Creek, though some lateral cobble/gravel bar 
development. 

Below Our House Dam 
Steeper (>1% gradient), confined, more transport-dominated bedrock 
control channel 

Above Our-House Dam, within influence 
of base level control effected by Our 
House Diversion1 

Low gradient (1.7% map gradient), depositional. 

Oregon Creek Vicinity of Celestial Valley 
Confined 1.6% gradient, planar bedform, gravel-sized material in 
channel and on margins. 
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Above Log Cabin Dam within influence 
of base level control affected by Log 
Cabin Diversion.1 

Confined ~1.8% map gradient. 

Table 5.3-1.  (continued) 
Stream Potential Location Character 

North Yuba River Below New Bullards Bar Dam.  

Reach has very little accessibility due to vertical cliffs, and 
dominance of bedrock and boulders within channel.  Large, immobile 
substrate, lateral and vertical controls by bedrock limitslimit 
responsiveness to changes in inputs of sediment and to changes in 
hydrology. 

Slate Creek 
Within mean high water influence of New 
Bullards Bar1 

Confined, 2.4% map gradient. 

Yuba River BelowAbove New Colgate Powerhouse 

Confined, less than 1%, cobble and boulder-dominated bed with very 
deep pools immediately below the Powerhouse, but increasing 
alluvial deposition moving downstream.Confined; map gradient of 
less than 1% but habitat mapping data shows numerous high gradient 
riffles of up to 11% gradient separated by long, deep mid-channel 
pools and short low-gradient riffles with substrate dominated by 
boulders and bedrock. 

Yuba River Below New Colgate Powerhouse 
Confined, less than 1%, cobble and boulder-dominated bed with very 
deep pools immediately below the Powerhouse, but increasing 
alluvial deposition moving downstream. 

1 Sites will be located to evaluate the effects of base-level control of the Project on bedload deposition; the level of analysis is limited to physical 
extent of bedload deposition and a “snapshot” of the channel just upstream of the influence that will include some limited measurements. 

 
 
One study site could potentially be selected in each location and, to the extent possible, each 
channel morphology study site may be co-located with PHABSIM study sites.  If it makes sense 
to co-locate a channel morphology cross section with a PHABSIM transect, it will be done.  
Study sites will be selected to mimic as closely as possible the gradient, width, and vegetation 
reach characteristics within the Project area.  LicenseeYCWA will invite interested and available 
Relicensing Participants into the field to comment on the channel morphology study sites. 
 
5.3.2 Step 2 – Data Collection 
 
5.3.2.1 Stream Cross Sections 
 
All elevations will be surveyed by standard differential survey techniques using an auto-level or 
total station instrument (e.g., Harrelson et al. 1994).  Headpin and tailpin elevations, water 
surface elevations (WSE), hydraulic controls, and above-water bed and bank elevations will be 
referenced to a temporary benchmark serving a single cross section or cross section cluster.  
Cross-sections will include, at a minimum, the stage at twice the maximum bankfull depth 
(floodprone elevation).  Every break in slope will form a vertical point on the graph, and what 
the breaks represent will be noted (e.g., top of bank, edge of floodplain, bankfull, extent of right 
or left bank that is “moveable”).  The top of the rock elevation for bedrock within the channel, 
and the thalweg will be included.  The thalweg will be assumed to be the minimum elevation 
below which the bed cannot erode, unless there are some other characteristics that suggest an 
alternative maximum scour depth at that cross section, which would then be estimated.  Cross 
sections will be monumented with headpins and tailpins (e.g., rebar, pins in bedrock), 
benchmarks, and UTM coordinates. 
 
Three-cross sections will be selected at any study site at which to measure the full suite of 
characteristics studied, except where collaboratively agreed to by Relicensing Participants in the 
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field during site/cross section selection.  Some cross sections may be surveyed across areas of 
possible sediment deposition, and where channel geometry (including bankfull and floodprone 
characteristics if they occur) is most representative of the reach, and representative of potential 
effects of the Project to site-specific aquatic habitat within the reach.  The cross section sites will 
be selected in order to provide needed information for sediment transport analysis.  Sediment 
transport analysis needs three additional cross sections upstream and downstream to allow the 
model to stabilize and give accurate results at the area of interest.  These three cross-sections 
upstream and downstream of the area of interest will be about 100 to 300 feet (ft) apart and be 
representative of study reach conditions.  Upstream cross-sections will be far enough upstream 
from the area of interest that regimes being evaluated do not cause changes to the bed profile at 
upstream boundary, but channel geometry is still representative of the study reach.  If needed for 
sediment transport modeling purposes, Licensee will place additional cross-sections at major bed 
profile changes, valley width changes, tributaries, changes in roughness, structures, or 
gagesYCWA will invite interested and available Relicensing Participants into the field to 
comment on the channel morphology cross section locations in sites selected during previous 
consultation (Section 5.3.1).  Notice for the field visit will be sent to Relicensing Participants as 
early as possible, but no less than 2 weeks prior to field site visits. 
 
Licensee will invite interested and available Relicensing Participants into the field to comment 
on the channel morphology cross section locations. 
 
5.3.2.2 Stage-Discharge Relationship 
 
For sediment transport modeling, calibration flows will be measured with the goal of achieving 
an even, logarithmic spacing of flows that allows for development of an adequate stage/discharge 
relationship sediment transport) model.  Stage/discharge measurements will be obtained at no 
fewer than three discharges.  When a stage/discharge measurement is taken, discharge through 
the study site will be measured using manual velocity meters or a combination of an acoustic 
Doppler and manual velocity meters at an appropriate cross section(s). 
 
The stage-discharge relationship can be estimated by entering cross section data into WinXSPRO 
(Hardy et al. 2005) initially.  If PHABSIM sites are co-located at these cross sections in 2012, 
the stage-discharge relationship developed during modeling can be used. 
 
5.3.2.3 Longitudinal Profile 
 
A longitudinal profile will be done for each geomorphology study reach, measuring at least 20 
times the bankfull width, unless there is a major geomorphic change that limits the extent (e.g., 
waterfall). It will include the six cross sections above and below the area of interest within the 
geomorphology study sites, the cross sections in the area of interest, and any additional cross 
sections needed, as stated in 5.3.3.1 above.  Cross sections within runs, riffle, and glide-habitat 
will be selected preferentially.  Benchmarks used in the instream flow PHABSIM analysis (often 
there is one benchmark established for each cross-section) will be “tied together” so that only the 
lowermost benchmark has an assumed elevation of 100 ft.  Water surface, thalweg, floodplain, 
and bankfull elevations will be measured along the profile, making sure to include breaks in 
slope and each cross section location as a vertical. 
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5.3.2.4 Particle Size 
 
Surficial substrate composition will be evaluated by compiling a facies map, which is delineation 
of the surface bed texture into distinct units by dominant and sub-dominant grain-size classes 
(Level I, Buffington and Montgomery 1999).  Each patch that represents a facies must have a 
minimum size of 12 ft2 (~2 m2) to be considered as part of the facies.  Wolman (1954) pebble 
counts will be done across each cross section and for each textural facies.  For the facies pebble 
counts, 100 pebbles will be measured for each facies but particles may be spread across several 
patches that represent the textural facies.  Particles will be measured using a gravel template, also 
known as a gravelometer, a square grain-size template, and a particle size distribution by number 
(not weight) will be created.  If particles can not be lifted to pass through the gravelometer, size 
will be estimated using a ruler. 
 
Gravel and cobble bars often represent the more active sediment within a reach.  Three exposed 
bars at each site will be evaluated to assess the relative difference between surface and sub-
surface particles size (e.g., armoring).  One-hundred particles will be measured in a 1 meter (m) 
enclosure, surface particles will be removed to the depth of the largest particle.  Sub-surface 
particles will be mixed and 100 particles will be measured from the sub-surface.  Ratio of surface 
to sub-surface particle size will be an indication of armoring.Armoring within a channel is a 
reflection of sediment supply and transport capability.  The armoring ratio, defined as the ratio of 
surface to sub-surface particle size, will be quantified at five sites.  The sites selected for analysis 
are:  1) Middle Yuba below Our House Dam, 2) Middle Yuba above Oregon Creek, 3) Middle 
Yuba below Oregon Creek, 4) Middle Yuba above the North Yuba junction, and 5) Oregon 
Creek in Celestial Valley.  Three samples will be taken from exposed bars with surface particles 
generally less than 128 mm (e.g., D84 less than 128 mm).  Surface particles will be removed to 
the depth of the largest particle that was part of the surface layer yet embedded into the substrate.  
All the surface particles larger than 16 mm will be passed through a gravel template with 14 
square holes of 0.5 phi-unit classes ranging from 2 mm to 180 mm (US SAH-97 Handheld Size 
Analyzer from Rickly.com).  Particles larger than 180 mm will be measured along the b-axis of 
the particle with a ruler and placed into a size-finer-fraction class that would be “retained” on the 
next smaller size class.  For example, a 280 mm particle would be retained as part of the 256 mm 
size class.  Particles less than 16 mm will be thoroughly mixed and a sub-sample will be placed 
into a sample bag for off-site sieve analysis.  When all the surface particles have been removed, 
measured and weighed, the sub-surface particles will be excavated to a depth equal to the depth 
removed for the surface particles, or to 5”, whichever is greater.  Particles will be separated, 
weighed and bagged using the method described above for the surface samples.  It is anticipated 
that only one surface and one sub-surface sample among each of the three samples needed per 
site will be needed for a total of six samples to be sieved per site.  Results will be presented as a 
ratio of median particles size of surface and sub-surface particles.  Low values of 
D50surface:D50subsurface (e.g., less than 1.3 means relatively weak armoring) are generally indicative 
of relatively high mean annual sediment transport rates, whereas high values of D50surface: 
D50subsurface (e.g., greater than 4 means relatively strong armoring) are generally indicative of 
relatively low mean annual sediment transport rates (Dietrich et al. 1989, Parker 2004). 
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5.3.2.5 Site Map 
 
A to-scale site map sketch will be done of the surveyed reach and will include major features 
such as pools, riffles, bedrock outcrops, boulders, bridges, sediment deposits; location of cross 
sections; and substrate descriptions.  Substrate will be separated into groups of like-particles, or 
facies (“textural mapping”), given a textural type (Level I, Buffington and Montgomery 1999) 
and mapped.  Grain size distribution of these textural patches will be measured with Wolman 
pebble counts (see Section 5.3.2.4) and area of each facies will be quantified.  Depth of the 
sediment deposits believed to be part of the mobile load will be measured by forcing a metal 
probe into the sediments, or estimated using resistant boundary elements of the deposits such as 
bedrock or thalweg depth to estimate the depth.  The mobile load grain size will be defined for 
the purposes of this exercise as particles with D84 generally less than 128 mm, which can be 
refined by facies mapping and if particles can be moved easily by pushing a toe into the 
sediments (Wilcock et al. 2009). 
 
5.3.2.6 Streambank Erosion Potential 
 
Streambank erosion potential of each cross section for both left and right streambanks will be 
determined based on a “bank erosion hazard index” method developed by Rosgen (1996), that 
classifies reaches into categories of relative bank erosion potential (i.e., very low, low, moderate, 
high, very high, and extreme).  Measured criteria include ratio of streambank height to bankfull 
stage, ratio of riparian vegetation rooting depth to streambank height, degree of root density, 
bank angle, and degree of bank surface protection. 
 
5.3.2.7 Channel Stability 
 
Channel stability will be rated using the Pfankuch (1975) method as modified by Rosgen (1996).  
The Pfankuch procedure “was developed to systemize measurements and evaluations of the 
resistive capacity of mountain stream channels to the detachment of bed and bank materials and 
to provide information about the capacity of streams to adjust and recover from potential changes 
in flow and/or increases in sediment production.” (Pfankuch 1975).  Channel stability will be 
used to assess the potential for lateral or vertical movement, in addition as input to the riparian 
condition assessment (Section 5.3.3.8). 
 
5.3.2.8 Input of Bedload from Tributaries 
 
Tributaries naturally add sediment to the Project reaches.  The aerial video (HDR 2009) and 
maps will be used to assess if an alluvial fan exists at the junction of the tributaries, or to assess 
if there are other indications of bedload build up from the tributaries.  If the tributary junctions 
are easily accessible, a qualitative field review will be made of the junction.  Evaluation will 
include a discussion of the size and type of material delivered, the type of deposit, if any, an 
estimate of the physical extent of the deposit, the geology of the tributary, any known sediment 
sources, and an estimate of sediment yield based on regional estimates.  A discussion of the 
availability and fate of bedload from tributaries will be included in the report.  Estimates of 
channel sediment storage based on stream order from Curtis et al. (2005b Table 4) will be 
included in the discussion. 
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5.4.2.9 Sediment Supply  
 
As part of the California Bay-Delta Authority Upper Yuba River Studies Program, Curtis et al. 
(2005b) developed a conceptual model of sediment processes in the upper Yuba River 
watershed.  This model included field measurements of mass wasting, hillslope erosion, and in-
channel sediment storage sites in Oregon Creek and the Middle Yuba River in the Project Area, 
which were used to test and revise this model.  Provided are hillslope erosion potential and 
channel storage quantity by stream order.  These data, along with the basin-wide yield estimate 
of 2 tonnes/km2/yr (5 tons/mi2/yr, Curtis et al, 2006) of which 1% or less represents bedload, will 
be used to estimate sediment supply.   
As part of the California Bay-Delta Authority Upper Yuba River Studies Program, estimates of 
sediment yield in the Yuba River basin were estimated to be between 160 and 340 
tonnes/km2/year (Snyder et al. 2004) based on an estimated accumulation rate behind 
Englebright Dam.  The average of 250 tonnes/km2/year will be used to estimate a total sediment 
yield.  Nearby Feather River at the Oroville gage had an estimated pre-dam yield of 132 
tonnes/km2/yr (CDWR 2004), and Minear and Kondolf (2009) estimated a yield of 160 
tonnes/km2/year using the reservoir sedimentation rate of Bullard Bars between 1919 and 1939.  
So the 250 tonnes/km2/year is at the high end of yield estimates.  Bedload is estimated to be 15% 
of the total sediment yield, based on a range of 10-20% for the region (e.g., CDWR 2004, Snyder 
et al. 2004). These numbers will be used to develop a sediment supply estimate at “sediment 
supply nodes” in the study area:  North Yuba above and below New Bullards Bar; Oregon Creek 
upstream and downstream of Log Cabin Diversion Dam; Middle Yuba upstream and 
downstream of Our House Dam, below Oregon Creek confluence, at confluence with North 
Yuba; mainstem Yuba at confluence of North and Middle Yuba and below New Colgate 
Powerhouse.   
 
The supply estimate can be used to compare pre- and post-dam sediment supply based on the 
change in drainage area due to dam construction at each study site.  For example, at a study site 
just below Our House Dam, the pre-dam construction drainage area is 144.8 mi2, while the post-
dam-construction drainage area is near zero.  This ratio provides a modified dimensionless 
sediment supply value (S*, Grant et al. 2003) at each site that is the ratio of sediment supply 
below the dam to supply without the dam:   
 

S* = (Drainage Areapost-dam * Sed Yield) ÷ (Drainage Areapre-dam * Sed Yield) 
 
As the distance below the dam increases, sediment supply increases and S* will increase.  
Because erosion hazard of geologic types is also included in Curtis et al. (2005b), the S* value 
may be modified based on the erodibility of the parent material. and any information provided by 
the tributary bedload evaluation (Section 5.3.2.8). 
 
Coarse sediment will be evaluated at accessible locations at twenty sites on the Middle Yuba and 
ten sites on Oregon Creek.  The volume of coarse sediment will be assessed in the intensive 
study sites, and coarse sediment assessment locations will be added to Middle Yuba and Oregon 
Creek until the necessary total of sites/stream have been reached.  Volume of channel storage 
above the thalweg will be measured by estimating the length, width, and height of coarse 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

Channel Morphology Above Englebright ProposedRevised Study Plan AprilAugust 2011 
Page 12 of 26 ©2011, Yuba County Water Agency 

sediment storage elements for a distance of about 100 m at locations not associated with an 
intensive study site.  Length can be adjusted so that the evaluation begins and ends at a similar 
feature, e.g., at a riffle crest.  Storage elements will be sorted into active, semi-active, inactive, 
and stable as set out in Curtis et al. (2005b).  
 
5.3.2.10 Extent of deposit upstreamDeposition Upstream of Log Cabin Diversion Dam in 

Oregon Creek, Our House Diversion Dam in the Middle Yuba River, and mean 
high water levelNormal Mean High Water Elevation of New Bullards Bar 
Reservoir in Slate Creek. 

 
To characterize the upstream extent of impoundment facilitiesinfluence, the area from mean high 
water level of New Bullards Bar Reservoir to the upper extent of influence within Slate Creek, 
and from Log Cabin Diversion Dam and Our House Diversion Dams to the upper extent of the 
deposits will be measured.  LicenseeYCWA will also measure a cross section, characterize the 
substrate with a Wolman pebble count along the cross section, and take photographs just 
upstream of the influence.  While measuring the cross section, the gradient of the channel within 
site distance of the cross section will also be measured (i.e., no long-profile will be done and 
only a quick shot will be taken in the vicinity of the cross section). 
 
5.3.2.11 Coordination with Licensee’s Riparian Habitat Study Upstream of Englebright 

Reservoir  
 
The assessment of the riparian zone in the channel morphology study sites will be conducted in 
close cooperation and collaboration with riparian and hydrology specialists.  LicenseeYCWA 
believes it will be beneficial to co-locate the channel morphology study sites with the study sites 
selected for Licensee’sYCWA’s Riparian Habitat Upstream of Englebright Reservoir Study.  At 
a minimum, existing data, including Geographic Information System (GIS) data, historical 
information, reports, maps, and aerial photography relevant to both channel morphology and 
riparian vegetation will be collected and reviewed where available for the selected sites. 
 
5.3.2.12 Examine Effects of Uncontrolled Spill over Project Dams on Sediment Particle 

Size and Composition 
 
History and magnitude of spill from Project dams will be summarized.  Fate and distribution of 
sediment eroded from spill channels will be evaluated.  Data collected during the site 
investigations (Sections 5.3.2.1-5.3.2.8) will be used in the analysis.At each spill channel, the 
amount of material removed from each spill channel will be estimated, along with an estimate of 
particle sizes that may have been contributed to the mainstem of the river.  Potential fate of this 
material will be based on review of channel immediately below the spill channel and any 
remaining downstream indicators of scour or deposition that can be linked to the spill channel.  
Aerial photos (current and historical if available), the aerial video, and any anecdotal information 
will be reviewed to assist in the interpretation of the history and fate of spill channel erosion.   
 
 
5.3.2.13 Examine Effects of New Colgate Powerhouse Tailrace on Channel Morphology 

and Sediment Distribution 
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The New Colgate Powerhouse discharges water into the Yuba River.  The vicinity of the 
powerhouse release will be investigated for signs of erosion at the outflow and downstream on 
the channel banks.  Since the backwater effect from the Englebright Reservoir is within 1.3 miles 
of the powerhouse, evidence of bank erosion, scour or extensive deposition that can be linked to 
that resulting from erosion and/or high magnitude discharges as a result of discharges from the 
tailrace will be investigated within this 1.3 mile area.  Erosion, scour and deposition will be 
evaluated using the release history from New Colgate Powerhouse. 
 
5.3.2.14 Large Woody Debris 
 
Large woody debris data have been collected in Project reaches as part of the habitat mapping 
exercise (Attachment 3.10A to Instream Flow Above Englebright Study Proposal).  Quantitative 
and anecdotal information will be gathered and summarized from Licensee records regarding 
quantity and fate of large woody debris removed from New Bullards Bar Reservoir, from Our 
House Dam, and from Log Cabin Dam.  Quantitative and anecdotal information of debris 
removal and fate from Englebright Lake will also be requested from USACE and summarized.    
A discussion of LWD quantity and fate within the Project area will be included within the final 
study report, along with an analysis comparing to the quantities within Sierra Nevada streams of 
a similar form and location.   
 
5.3.3 Step 3 - Assess Sediment Mobility 
 
The objectives of this component of the study are to evaluate discharges that mobilize particles 
composing the channel bed and spawning gravel, and to assess how Project operations have 
affected the frequency of bed- and particle-mobilizing flows. 
 
The ideal location for sediment transport modeling and for the testing of the model are straight 
sections of the channel with minimal variation in width, slope, bed material, and roughness with 
nothing in the flow to take up stress acting on the bed (Wilcock et al. 2009).  Reaches with 
obstructions such as boulders, vegetation, or debris jams and highly variable topography or bed 
material should be avoided. 
 
5.3.3.1 Develop HydraulicTransport Model 
 
Surveyed cross-sections and, longitudinal profiles, and particle size distributions will be used as 
input to develop a calibrated hydraulic model for each reach.  The model willAnnual sediment 
mobility can be used to estimate energy slope and Mannings “n” values, and shear stress (N/m2) 
at each cross section for a range of particle sizes and discharges.  Hydraulic models will be 
constructedestimated using the Hydraulic Engineering Center’s River Analysis System (HEC-
RAS, e.g., version 4.0 or 4.0.0) developed by BAGS model (Bedload Assessment in Gravel-
Bedded Streams; Wilcock et al. 2009; Pitlick et al. 2009).  To compare bedload transport rates 
under regulated to unimpaired conditions, the USACE (USACE 2006, 2008).  Observed water 
surface elevations and discharges will be used to calibrate the hydraulic model to known stages.  
Abedload rating curve developedprovided as output from known stages and flows will be used as 
a downstream boundary condition of each model.  Other hydraulic parameters used to 
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calibrateBAGS (Figure 1 is an example developed for mixed-sized sediment on the Middle Yuba 
by Curtis et al. [2005a]) will be combined with annual exceedance discharges (i.e., the models 
are contraction and expansion ratios, and Manning’s “n” roughness coefficient.  If calibration is 
not possiblepercentage of time the mean daily flow exceeds the mobilization threshold) to 
provide annual bedload transport capacity under regulated and unimpaired conditions (Sections 
5.3.3.3 and 5.3.3.4).  Mannings “n” will be estimated using these parameters, thalweg elevations 
along the longitudinal profile will be used to interpolate new photos and cross sections to 
improve model accuracyas in Barnes (1967); channel slope as measured along 20 channel widths 
will be used as input to the model for slope. 
 
5.3.3.2 Estimate Substrate Mobility 
 
Bed shear stress (function of the hydraulic radius-slope product) is output from the hydraulic 
modeling.  Bed shear stress (τ) is expressed as an average force (N/m2) over the cross section 
width.    As output from HEC-RAS, a range of discharges (in cfs, X-axis) versus shear stress (in 
N/m2, Y-axis) can be provided for each of the cross sections for which particle size analyses 
were done for different particle sizes.  In general, the HEC-RAS output parameter “Total Shear” 
will be used; this value represents the applied bed shear across the entire cross section.  In some 
cases, cross sections may have small side channels that should not be considered in the applied 
bed shear estimate.  In these cases, the HEC-RAS bank stations will be adjusted to the extents of 
the main channel and the HEC-RAS output parameter “Channel Shear” will be used.  Channel 
Shear only reports the applied bed shear stress for the main channel or the area between model 
bank stations. 
 
Particle size analysis, developed by pebble counts, will be used to develop a particle size 
distribution for up to three cross sections in each study site.  Critical shear stress (τ*ci, the shear 
stress threshold at which incipient motion occurs) must be exceeded for particle movement to 
occur.  Shield’s relationship for critical shear stress is defined as τ*ci = β (γs - γ) Dx, where β = 
Shield’s parameter (a dimensionless variable), γ = specific weight of the fluid, γs = specific 
weight of the sediment, and Dx = median particle diameter of interest.  The particles of interest 
will include gravel and cobble sizes:  2, 4, 8, 16, 32, 64, and 128 mm (Wentworth Scale, p.The 
relationship of forces driving and resisting particle movement at the moment of entrainment is a 
dimensionless parameter expressed as the Shield’s number.  The critical Shield’s number 20 
Vanoni [ed.] 1975), and the D16 (fine particles, or the particle diameter where 16 percent of the 
particles are finer), D50 (median-size particles), and D84 (coarse particles, or the particle diameter 
where 84 percent of the particles are finer) for each cross section.  The Shield’s parameter may 
vary from 0.02 to 0.086 with a common average value for gravel of about 0.046 (Miller et al. 
1977; Buffington and Montgomery 1997, Mueller et al. 2005).  The critical Shields 
parameternumber (τ*c) for each cross section and eachthe particle of interest (ds) will be 
estimated using the formula (Guo 2002): 
 

d* = [(G-1)g/υ2](1/3) * ds  and τ*c  = 0.23/ d* + 0.054[1-exp{-(d*)
0.85/23}] 

 
where d* = dimensionless sediment diameter, G = specific gravity of sediment, g = gravity, and  
υ = kinematic viscosity of water. 
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Due to inaccuracies found using the above equation for d* less than 1, the following equation 
will be used for small values of d*: 
 

τ*c = 0.5*tan Ø  for d* less than 0.3 
τ*c = 0.25* d*

-0.6 * tan Ø for d* between 0.3 and 1 
where Ø is assumed to be 30º for particles within this range 

 
The particles of interest (ds) will include gravel and cobble sizes:  2, 4, 8, 16, 32, 64, and 128 mm 
(Wentworth Scale, p. 20 Vanoni [ed.] 1975), and the D16 (fine particles, or the particle diameter 
where 16 percent of the particles are finer), D50 (median-size particles), and D84 (coarse particles, 
or the particle diameter where 84 percent of the particles are finer) for each cross section.  The 
critical Shield’s parameter will be used in the critical shear stress calculation, or the point at 
which movement begins for a particle in a cross section.  Critical shear for specific particles can 
then be compared against the bed shear/discharge relationship; when bed shear exceeds critical 
shear, it is more likely that particles can be mobilized. 
Critical shear stress is defined as τc = τ*c (γs - γ) ds, where τ*c = Shield’s parameter (as calculated 
above), γ = specific weight of the fluid, γs = specific weight of the sediment, and dx = particle 
diameter of interest.  Channel shear stress must be exceeded by critical shear stress for 
movement to occur.  Channel shear stress for each cross section will be estimated using the 
depth/slope product:  ρgRS, where ρ = density of water, g = gravity, R = hydraulic radius at a 
given discharge, and S = reach-average bed slope. This analysis assumes that the bed is 
composed entirely of the particles for which critical shear is evaluated and does not 
accommodate mixed-grain sizes but may be useful as an indicator as to when bedload discharge 
becomes “meaningful”.  For example, if it is assumed that the cross section is composed of 
128 mm particles and the analysis indicates that the critical shear stress exceeds channel shear at 
2,000 cfs for that particle at a particular cross section, the 2,000 cfs can be used as a hypothesis 
for the beginning of “meaningful” bedload transport capacity as calculated in BAGS above.  
Tracer particle movement during the first freshet following placement can confirm or negate this 
hypothesis (Section 5.3.3.5 below). 
 
5.3.3.3 Estimate Changes in MobilityBedload Transport under Regulated and Unimpaired 

Conditions 
 
FlowAnnual flow exceedance values and recurrence intervals will be presented using the best 
available flow data under regulated and unimpaired conditions (e.g., modeled regulated or 
unimpaired daily annual maximum values).  ExceedanceAnnual exceedance flows are the 
percentage of time certain flows are met or exceeded (i.e., 25 percent exceedance represents a 
“high” flow as this is the flow that is met or exceeded only 25 percent of the time, and 50 percent 
exceedance represents the median flow).  Flow  Usually, exceedance values are based on 
instantaneous peak flow events (generally one per year for the period of record).  However, none 
of the sites have gage data so data must be synthesized and annual maximum daily flow data are 
all that are available (“best available data”) so exceedance values are somewhat underestimated.  
Total annual sediment transport capacity will be estimated using the percentage of time a critical 
discharge is exceeded under regulated conditions and compared against the amount of time the 
critical discharge is exceeded under unimpaired conditions using mean daily flow.  Additionally, 
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flow recurrence intervals (which are the inverse of the flow exceedance) will be calculated using 
the PeakFQ statistical program developed by the USGS based on Bulletin 17B (USGS 1982).  
Results of the hydrologic models and PeakFQ analysis will be provided as tables that show 
recurrence interval (year) and the Bulletin 17B discharge estimate (cfs).  For any given flow 
(which has an exceedance value/recurrence interval under regulated and unimpaired conditions), 
the critical shear of substrate can be seen to be above or below the bed shear for that cross 
section.  If critical shear is below the bed shear, the substrate is probably not mobile; if it is 
above, mobility is more likely. 
 
5.3.3.4 Dimensionless Transport Ratio (T*) 
 
The dimensionless transport ratio (T*) is the ratio of the critical flows under regulated conditions 
(Treg) to the critical flows under unimpaired conditions (Tunimp).  During the ) (Grant et al. 2003).  
Using annual flow exceedance curves as above (Section 5.3.3.3), sediment transport modeling 
exercise in Section 5.3.3.3 above, the frequency of mobilitycapacity will be assessed under 
regulated and unimpaired conditions.  To be consistent at all sites, the mobility of the D50 will be 
evaluated (Grant et al. 2003).   using mean daily flow.  T* will be calculated by dividing the 
percentage of time the flows are above the critical discharge for mobilization of the 
D50estimating the total bedload transported annually under regulated conditions divided by the 
percentage of time the flows are above the critical discharge for mobilization of the D50total 
bedload transported under unimpaired conditions. 
 
To compare bedload transport rates under regulated to unimpaired conditions, the bedload rating 
curve (Figure 1) developed for mixed-sized sediment on the Middle Yuba by Curtis et al. 
(2005a) will be used to develop an annual bedload transport quantity for the Middle Yuba in tons 
under regulated and unimpaired conditions.  This model has been validated for the Middle Yuba 
for flows between 600 cfs and 2,100 cfs.  The BAGS (Bedload Assessment in Gravel-Bedded 
Streams; Wilcock et al. 2009) model will be used to supplement this analysis for Oregon Creek 
and flows outside of the Curtis rating curve.  Output from BAGS is a sediment rating curve for 
mixed grain classes and stress partitioned total stress into that part that acts only on sediment 
grains (Q vs kg/min for every size class).  Using exceedance curves under regulated and 
unimpaired conditions, annual sediment yield will be estimated (i.e., using the percent of the year 
when critical flows occur) for a wet, dry and average year. 
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Figure 1.  Relation of bed-load transport to instantaneous streamflow for the Middle Yuba River 
(11410000) and South Yuba River (11417500) gaging stations in the Upper Yuba watershed, 
California.  Bedload rating curves were developed using an empirical transport model for mixed-
sized sediment (Wilcock and Crow 2003).  Note that the bed-load transport was developed only for 
the range of flows observed during the study period 2001 to 2003.  (Reproduced from Figure 12, 
Curtis et al. 2005a). 
 
 
5.3.3.5 Test Sediment Transport Model 
 
In order to test the incipient motion analysis for particles, a tracer particle test will be done at 
only the sites and cross sectionstwo locations most suitable for transport modeling (i.e., having 
none of the factors such as large roughness or changes in width that complicate assumptions 
regarding normal flow), and those that are easily accessible.  Likely sites are two cross sections 
within the potential study site in the vicinity of Celestial Valley on Oregon Creek and two cross 
sections within the potential study sites on the Middle Yuba below and above Oregon Creek.  
Particles that will be tested will encompass the surface D50 at the cross section being tested.  The 
flows that will be tested will be the PHABSIM high calibration flows.  Tracer.. During the low 
flow period, tracer rocks will be placed in a line along the cross section by removing a similar-
sized particle from the bed, placing a tracer rock of similar size in the same location, and pushing 
the rock slightly into the bed to emulate natural particle packing and embeddedness.  The rocks 
will be referenced to a vertical position within the cross section.  Photographs will be taken along 
the channel.  Following PHABSIM high calibration flows or a threshold of mobility that is 
established by initial estimates of mobility from the BAGS model and incipient motion analysis, 
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cross sections will be re-surveyed for the each rock presence/absence and photographs will be 
retaken.  Tracer rocks will be considered mobilized if they moved at least 3 feet (1 m) 
(Haschenburger and Wilcock 2003).  Not all sites nor cross sections that are part of the channel 
morphology study will be evaluated for particle movement nor tracer particle testing; 
interestedInterested and available Relicensing Participants will be invited to comment on the 
appropriate cross sections and sites used for tracer rock analysis during cross section selection in 
the field. 
 
5.3.4 Step 4 - QA/QC Data 
 
Following data collection, all data will be subject to quality assurance/quality control (QA/QC) 
procedures including, but not limited to: 1) checking field 
 
 Field data sheets will be checked against entered data to be sure no corrections are needed; 

and 2) independent.  
 Independent review of hydraulic and sediment transport models, 3) reviewing data.  The 

models will also be placed on YCWA’s website for external review.  YCWA will schedule a 
conference call within two weeks of posting to discuss models. 

 Data and report will be reviewed for completeness.  The datasets 
 Datasets will also be reviewed graphically to check for errors. 
 
5.3.5 Step 5 – Analyze Data 
 
The goal of the study is to quantify or characterize river form and process and interaction with 
the riparian zone.  Table 5.3-2 presents the relationship between potential channel morphology 
issues, data to be collected by this study, and data analysis that will occur as part of this study. 
 
Table 5.3-2.  Relationship between perceived channel morphology issues, data to be collected by this 
study, and data analysis that will occur as part of this study. 

Issue Data Analysis 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 

 Longitudinal profile 
 Cross sections 
 Surface Wolman pebble count 
 Stage-discharge relationship 
 Hydrologic information – 

regulated and unimpaired 
 Sediment availability changes 
 Particle mobility changes 
 Transport rate changes 
 Age and function of riparian 

zone 
 

 Longitudinal profile and cross sections will be used in the sediment transport 
model to estimate bed shear.  Critical shear for specific particle sizes data 
can be calculated and used with the graphestimate of bed shear to show the 
discharges where critical shear exceeds bed shear.  Wolman pebble counts 
organized into particle size distribution graphs  shows what particles exist on 
each transect.  Flow exceedance tables show the recurrence interval of flows 
under regulated and unimpaired conditions.  Combining all the tools 
provides an estimate of flows that mobilize particles and the frequency of 
those flows under different operating conditions. 

 Stage-discharge relationship provides at what flow various surfaces in the 
riparian zone are inundated; combined with hydrology data, this provides the 
frequency of inundation for regulated and unimpaired conditions. 

 Flow exceedance tables provided by hydrologic information under regulated 
and unimpaired conditions show the changes in recurrence interval of 
critical flows and are used in the estimate of bedload transport capacity. 

 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 
(continued) 

 Storage in reservoirs 
compared to regional/local 
sediment yield values 

 Channel and bank stability 
 Review of historical aerial 

photographs 
 Sketch map 

 Ratio of sediment yield before the dam was constructed to after the dam was 
constructed using basin sediment yield (Curtis et al. 2005b) and drainage 
area with and without the dam (modified S* - Grant et al. 2003) provides an 
index of sediment availability changes. 

 Annual sediment transport rate under regulated and unimpaired conditions 
using established bedload transport rate published in Curtis et al. (2005a) 
provides an index of sediment transport rate changes 

 Ratio of the critical flows under regulated conditions to the critical flows 
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Issue Data Analysis 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 

 Longitudinal profile 
 Cross sections 
 Surface Wolman pebble count 
 Stage-discharge relationship 
 Hydrologic information – 

regulated and unimpaired 
 Sediment availability changes 
 Particle mobility changes 
 Transport rate changes 
 Age and function of riparian 

zone 
 

 Longitudinal profile and cross sections will be used in the sediment transport 
model to estimate bed shear.  Critical shear for specific particle sizes data 
can be calculated and used with the graphestimate of bed shear to show the 
discharges where critical shear exceeds bed shear.  Wolman pebble counts 
organized into particle size distribution graphs  shows what particles exist on 
each transect.  Flow exceedance tables show the recurrence interval of flows 
under regulated and unimpaired conditions.  Combining all the tools 
provides an estimate of flows that mobilize particles and the frequency of 
those flows under different operating conditions. 

 Stage-discharge relationship provides at what flow various surfaces in the 
riparian zone are inundated; combined with hydrology data, this provides the 
frequency of inundation for regulated and unimpaired conditions. 

 Flow exceedance tables provided by hydrologic information under regulated 
and unimpaired conditions show the changes in recurrence interval of 
critical flows and are used in the estimate of bedload transport capacity. 

 
under unimpaired conditions (T* Grant et al. 2003) provides an index of the 
changes in the mobility of sediment. 

 Age and function of riparian zone provides a history of disturbance and role 
of riparian zone in shape and form of channel. 

 Assessment of channel and bank stability provides how likely the channel is 
to move from its current form 

 Historical photos show the relationship between current form and prior form 
(depending upon the photos available) 

 Sketch map provides context for assessment, and provides a facies map that 
provides a template for stratifying other physical and biological 
measurements. 
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Table 5.3-2.  (continued) 
Issue Data Analysis 

Project effects on 
channel morphology 
and channel condition 
below Project facilities 
(continued) 

 Annual sediment yield 
 Channel and bank stability 
 Review of historical aerial 

photographs 
 Sketch map 
 Coarse sediment storage 

 Ratio of sediment yield before the dam was constructed to after the dam was 
constructed using basin sediment yield (250 tonnes/km2/yr) and drainage 
area with and without the dam (modified S* - Grant et al. 2003) provides an 
index of sediment availability changes. 

 Annual bedload transport capacity estimated using the BAGS model under 
regulated and unimpaired conditions provides an index of sediment transport 
rate changes 

 Ratio of the bedload transport under regulated conditions to the bedload 
transport under unimpaired conditions (T* Grant et al. 2003) provides an 
index of the changes in sediment transport capacity. 

 Age and function of riparian zone provides a history of disturbance and role 
of riparian zone in shape and form of channel. 

 Assessment of channel and bank stability provides how likely the channel is 
to move from its current form 

 Historical photos show the relationship between current form and prior form 
(depending upon the photos available) 

 Sketch map provides context for assessment, and provides a facies map that 
provides a template for stratifying other physical and biological 
measurements. 

 Coarse sediment storage in the channel can be compared against regional 
bedload yield estimates to evaluate coarse sediment balance. 

Project effects on 
floodplains 

 Cross sections 
 Stage-discharge relationship 
 Hydrologic information 
 Age and function of riparian 

zone 
 Historical aerial photographs 

 Cross sections provide the location and elevation of bankfull, depositional 
surfaces, and floodplains. 

 Stage-discharge relationship provides at what flow various surfaces are 
inundated; combined with hydrology data, this provides the frequency of 
inundation for regulated and unimpaired conditions. 

 Age and function of riparian zone provides the history of floodplain 
development and role vegetation plays in the history, development and 
future of the channel. 

 Historical photos show the history and interaction of the active channel with 
floodplains, conversion to or from terraces; changes in vegetation; 
disturbance history. 

Project effects on 
bedload distribution 

 Textural facies mapping, 
Wolman pebble counts 

 Channel armoring 
 Evaluation of tributary inputs 

of sediment. 
 Evaluation of influence of 

diversions and reservoir level. 
 Estimates of critical flows. 
 Estimates of substrate 

mobility. 
 Coarse sediment storage 

 Textural mapping, quantified by Wolman pebble counts, yields a visual 
record of channel conditions, and provides an areal weighting of grain sizes. 

 Ratio of surface to sub-surface particles provides an armoring ratio.  Surface 
layer is commonly coarser than the sub-surface, and the size distribution of 
the sub-surface gravel is often similar to that of the transported bedload.  
Low values of D50surface :D50subsurface (e.g., less than 1.3 means relatively weak 
armoring) are generally indicative of relatively high mean annual sediment 
transport rates, whereas high values of D50surface : D50subsurface (e.g., greater 
than 4 means relatively strong armoring) are generally indicative of 
relatively low mean annual sediment transport rates. 

 Discussion of tributary input of sediments and fate within the Project 
streams. 

 Discussion of base level control on Slate Creek, Oregon Creek upstream of 
Log Cabin Diversion, and Middle Yuba upstream of Our House Diversion. 

 Comparison of critical flows under unimpaired and regulated conditions. 
 Comparison of substrate mobilityannual transport capacity under unimpaired 

and regulated conditions (T* Grant et al. 2003). 
 Coarse sediment storage in the channel can be compared against regional 

bedload yield estimates to evaluate coarse sediment balance. 

Project effects on 
floodplains 

 Cross sections 
 Stage-discharge relationship 
 Hydrologic information 
 Age and function of riparian 

zone 
 Historical aerial photographs 

 Cross sections provide the location and elevation of bankfull, depositional 
surfaces, and floodplains. 

 Stage-discharge relationship provides at what flow various surfaces are 
inundated; combined with hydrology data, this provides the frequency of 
inundation for regulated and unimpaired conditions. 

 Age and function of riparian zone provides the history of floodplain 
development and role vegetation plays in the history, development and 
future of the channel. 

Historical photos show the history and interaction of the active channel with 
floodplains, conversion to or from terraces; changes in vegetation; disturbance 
history. 

Project effects on 
LWD 

 Habitat mapping LWD data 
(Attachment 3.10A to 
Instream Flow Above 

Discussion of quantity of LWD within Project reaches and reservoirs compared 
to similar Sierra Nevada streams. 
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Issue Data Analysis 
Englebright Study Proposal) 

 Licensee summary of history 
and fate of LWD removed 
from reservoir and diversions 

Project effects on 
particle size and 
composition from dam 
release outlets, 
minimum flow, 
uncontrolled spill 

Summary of spill history 
Discussion of channel form, sediment size and distribution as it relates to 
hydrology created by releases from dam outlets and minimum flow release 
flows, and erosion and/or hydrology due to spill releases from Project dams 

Table 5.3-2.  (continued) 
Issue Data Analysis 

Project effects on 
channel morphology 
and sediment 
distribution from 
releases from New 
Colgate Powerhouse 

 Bank erosion assessment 
below New Colgate PH 

 Assessment of scour and 
deposition below New 
Colgate PH 

 Flow release history from 
New Colgate PH. 

Discussion of erosion, scour, and deposition using flow release history for New 
Colgate Powerhouse. 

 
 
5.3.6 Step 6 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include the following 
attachments: 
 
 Scanned field data (*.PDF format) of cross sections, longitudinal profiles, sketch maps, and 

particle size measurements.  Raw data will be made available to Relicensing Participants 
prior to the publishing of the final study report upon request, if LicenseeYCWA has 
completed its QA/QC review of the data. 

 For each geomorphic study site, data associated with each of the geomorphic parameters will 
be shown in a tabular format. 

 Maps showing study site and cross section locations. 

 Photo-documentation and UTM coordinates of cross sections; UTM coordinates of 
longitudinal profile downstream and upstream limits. 

 Cross sections and longitudinal profiles will be graphically plotted, with bankfull and flood 
prone widths identified. 

 Pebble counts for up to three cross sections per study site will be graphically plotted as 
cumulative particle size distribution curves. 

 The hydraulic/sediment transport model input and output files. 

 Table showing the critical shear stress (N/m2) for gravels (2, 4, 8, 16, 32, 64, 128 mm), and 
the D16, D50, and D84 for each cross section using estimated Shield’s parameters of 0.03, 
0.045, and 0.060. 

 Estimated bed shear for each cross section using the depth/slope product calculation. 

 Graphs presenting shear stress (N/m2bedload transport capacity (tons/year) versus discharge 
(cfs) for each cross section (up to three cross sections per study site). 
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 Table showing T* and modified S* for each study site.  Flow exceedance tables under 
regulated and unimpaired conditions. 

 Summary of riparian condition. 
 

6.0 Study-Specific Consultation 
 
The study includes onethree study-specific consultationconsultations: 
 
 LicenseeYCWA will schedule an office meeting to consult with Relicensing Participants on 

potential sites to be selected for intensive analysis. 

 YCWA will invite interested and available Relicensing Participants into the field to comment 
on the channel morphology study sites and the cross section locations.  During field selection 
of cross sections, number and location of cross sections may be modified by Relicensing 
Participants who are present.  Discussion and comments on possible transects for use in 
testing the sediment mobility modeling with tracer gravel will also occur during field 
selection of cross sections. 

 
 YCWA will post hydraulic and sediment transport models for review by Relicensing 

Participants.  A conference call will be scheduled for 2 weeks after the posting to discuss the 
models and obtain comments from Relicensing Participants . 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Study Site and Cross Section Selection ....................................................................... October 2011 
Field Work ........................................................................................................ April - August 2012 
Data Entry, QA/QC, & Analysis......................................................................... July - August 2012 
Report Preparation ........................................................................................ July – September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
Geomorphology studies are common in hydroelectric relicensing projects to determine channel 
condition, and determine whether flow or sediment measures are necessary and/or whether 
channel restoration is necessary.  The field methods proposed have been used recently in other 
California relicensing efforts.  Determination of shear stressbedload transport versus discharge is 
discussed for HEC RASBAGS model use (Brunner 2008, USACE 1989 and 1981Wilcock et al. 
2009). 
 

9.0 Level of Effort and Cost 
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LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $200,000 
and $270,000 and $300,000. 
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Study 1.2 

CHANNEL MORPHOLOGY 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

April August 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
channel morphology and fluvial processes, which could affect channel morphology downstream 
of the United States Army Corps of Engineer’s (USACE) Englebright Dam.2 
The Yuba River below the United States Army Corps of Engineer’s (USACE) Englebright Dam3 
has an extensive history of impacts to channel morphology resulting from hydraulic mining 
activities in the Yuba River watershed.  From the late 19th Century through to the early part of 
the 20th Century, vast amounts of hydraulic mining debris and sediment were deposited in the 
Yuba River from the confluence of the Feather River upstream for more than 20 miles.  
Sediment depths at The Narrows were more than 75 feet deep, and more than 15 feet deep near 
Marysville in the early 20th Century (CDC 1906).  While degradation of the river bed 
commenced in the early 20th Century with the decline in hydraulic mining activity and the 
construction of various debris dams, several tens of millions of cubic yards of sediment remain in 
the Yuba River below Englebright Dam (James et al. 2009).  Channel processes and changes 
over the course of the next several decades will largely be a function of the continued 
degradation of the river bed through layers of mining debris, as the river strives to equilibrate 
with the baselevels associated with geomorphic controls at the Feather River and at Daguerre 
Point Dam. 
 
The Englebright Dam has been completely effective in blocking the downstream movement of 
sediment.  It is estimated that as much as 17,500 acre feet (over 28 million cu yards) of sediment 
is impounded behind Englebright Dam (Childs et al. 2003). 
 
Given the severely altered character of the Yuba River below Englebright Dam (including the 
mining sediment deposition, dredging of the Yuba Goldfields areas, and construction of training 
walls and other flood control facilities) prior to the construction of the Yuba County Water 
Agency’s (Licensee or YCWA) construction of the Yuba River Development Project (Project), 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 

3  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the  
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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determining impacts of the Project becomes somewhat more opaque than evaluating potential 
Project impacts on unaltered environments.  However, the Project has the potential to affect 
channel morphology due to changes in hydrologic regime caused by operation of the Project 
storage reservoir. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over channel morphology and the 
resources that could be potentially affected in the geographic area included in this study 
proposal:  1) United States Department of Interior, Fish and Wildlife Service (USFWS); 2) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document or PAD (PADYCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
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3.0 Study Goals and Objectives 
 
The goal of the study is to quantify or characterize river form and process in the Yuba River 
downstream of the Englebright Dam, and to assess potential impacts to the river form and 
process due to continued operation of the Project. 
 
The objectives of the study are to develop information necessary to meet the study goal.  
Specifically, the study objectives include development of a quantitative and qualitative 
understanding of Project effects on: 1) substrate mobility; 2) particle size distribution for 
salmonid spawning; 3) spawning gravel distribution; and 4) spill flow effects on channel 
morphology in the Yuba River downstream of Englebright Dam. 
 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam has an extensive history of impacts to channel 
morphology resulting from hydraulic mining activities in the Yuba River watershed.  From the 
late 19th Century through to the early part of the 20th Century, vast amounts of hydraulic mining 
debris and sediment were deposited in the Yuba River from the confluence of the Feather River 
upstream for more than 20 miles.  Sediment depths at The Narrows were more than 75 feet deep, 
and more than 15 feet deep near Marysville in the early 20th Century (CDC 1906).  While 
degradation of the river bed commenced in the early 20th Century with the decline in hydraulic 
mining activity and the construction of various debris dams, several tens of millions of cubic 
yards of sediment remain in the Yuba River downstream of Englebright Dam (James et al. 2009).  
Channel processes and changes over the course of the next several decades will largely be a 
function of the continued degradation of the river bed through layers of mining debris, as the 
river strives to equilibrate with the base levels associated with geomorphic controls at the Feather 
River and at Daguerre Point Dam. 
 
The Englebright Dam has been completely effective in blocking the downstream movement of 
sediment.  It is estimated that as much as 17,500 acre-feet (over 28 million cu yards) of sediment 
is impounded behind Englebright Dam (Childs et al. 2003). 
 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California.  A considerable amount of information relating to the impacts 
of hydraulic mining and the operation of the Yuba River as an element of the state flood control 
system have has been developed.  Additionally, extensive information regarding: 1) geomorphic 
drivers; 2) landforms and boundary conditions; 3) hydrogeomorphic dynamics; 4) physical 
habitat and ecological dynamics; and 5) river management actions have been developed through 
time, and a compendium of the existing information specific to the Yuba River downstream of 
USACE’s Englebright Dam is included as Attachment 1.2A to this study proposal. 
 
Information is available from both previously conducted studies dating back to the early 1900s 
through current information from ongoing data collection, monitoring, and evaluation activities, 
particularly from the Lower YubaYuba Accord Monitoring and Evaluation (M&E) M&E 
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Program (RMT 2010).  A summary list of recent information currently available includes, but is 
not limited to: 
 
 Topographic and geologic maps, including a digital elevation model (DEM) of the Yuba 

River downstream of USACE’s Englebright Dam (RMT 2010)4 

 Hydrologic modeling and statistics for the Yuba River (YCWA 2007)  

 Operations procedures for Project facilities (YCWA 2009a)  

 Physical Habitat Simulation (PHABSIM) habitat modeling of the Yuba River conducted by 
Beak Consultants for the California Department of Fish and Game (CDFG) (Beak 1989) 

 Two-dimensional (2D) hydrodynamic habitat modeling (River2D) of 18 sites on the Yuba 
River conducted by the U.S. Fish and Wildlife Service (Gard 2007; 2008) 

 Two-dimensional hydrodynamic modeling (SRH-2D) of the Yuba River by University of 
California at Davis (UC Davis) .C. Davis for the River Management Team (RMT 2010) 

 Low-altitude aerial video of the Yuba River (YCWA 2009b)   

 Spatial Structure Analysis Interim Report for the Lower Yuba River by UC Davis for the 
River Management Team (RMT 2011) 

Information from ongoing data collection, monitoring, and evaluation activities, particularly 
from the Yuba Accord M&E Program (RMT 2010) addressing geomophological conditions and 
physical habitat conditions in the Yuba River downstream of Englebright Dam that will be 
available for the conduct of this study includes, but is not limited to: 

 
 Yuba River Development Project Water Balance/Operations Model (Study 2.2) 

 Substrate and cover classification maps of the Yuba River downstream of USACE’s 
Englebright Dam to characterize microhabitat and mesohabitat conditions (RMT 2010).  

 Spawning habitat data collection information for the Lower Yuba River (RMT 2009, 2010, 
2011). 

 Mesohabitat Morphological unit classification map of the Yuba River (RMT 2010). 

 Discharge-dependent mesohabitat characterization of morphological units of the Yuba River. 

 Historic aerials analysis of the Yuba River downstream of Englebright Dam  
 
YCWALicensee believes that sufficient information generally exists to characterize the 
geomorphologic conditions for the Yuba River downstream of Englebright Dam without the 
undertaking of additional field study effort.    
 

                                                 
4  M&E Program documents and work products are located at the River Management Team web site, www.yubaaccordrmt.com. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from Englebright Dam to 
the Feather River. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee agrees to, or is 
responsible in whole or in part for measures arising from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Study Methods 
 
This study consists of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct the analyses necessary to 
accomplish the previously stated goals and objectives; and 4) prepare report. 
 
5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding geomorphology in the Yuba River downstream of Englebright Dam will 
be obtained from previously conducted studies, including the dates and locations of data 
collection to the extent possible. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program will be compiled for this study plan 
report.  Data compilation and analyses conducted by the RMT for the Yuba Accord M&E 
Program will be obtained and utilized from the following ongoing monitoring and evaluation 
activities associated with the M&E Program Protocols and Procedures: 

 Flow and Water Temperature Monitoring 

 Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

 Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

 2-D Hydrodynamic Modeling – physical habitat dynamics and availability 

 Mesohabitat Morphological unit Classification – meso-scale physical habitat characterization 

 Riparian Vegetation Mapping  
 
5.3.3 Step 3 – Analyze Data 
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The goal of the study is to quantify or characterize the Lower Yuba rRiver form and processes 
and key contributing factors.  The following analyses will be conducted to .  Table 5.3-1 evaluate 
presents the relationship between potential channel morphology issues, data to be compiled by 
this study, and data analysis that will occur as part of this study. 
 
 Utilize Morphological Unit aAnd Reach Breaks Descriptions 
   
 A comprehensive analysis of reach breaks and morphological units for the Lower Yuba 

River downstream of Englebright Dam is currently in review by the RMT, and scheduled 
for publication in September 2011. 

 
 Sediment Transport Analysis Using Sshields- Stress Metric. 
   In this approach, the 2D model is being used to simulated hydrodynamics over a wide 

range of geomorphically relevant discharges.  Given that the geometric channel 
overflows for discharges ranging from about ~3,000 to -7,000 cfs, a mid-value of 5,000 
cfs is used to represent the near-bankful condition.  Relative to that benchmark, flows 
will be run from 700 to -5,000 cfs for within bankful processes.  Also, overbank flows 
will be run for 10,000 cfs, 21,100 cfs, and then higher flows that double the discharge 
until the capacity of the mapped river corridor is full, up to the limit of the measured 
stage-discharge relation, which is about ~110,000 cfs (from the New Year’s 2006 floods).  
Because the largest floods spill into the Goldfields and the lowermost floodplain region, 
which is far outside the domain of interest for this study proposal, some reaches may not 
be feasible to assess with the 2D model at the highest discharges. Once models are run, 
the sediment transport analysis involves the following steps: 
o The 2D model automatically Ccalculates bed shear stress at each node in the 2D 

modelusing a drag-force equation that is a function of depth, velocity, and model 
parameters. 

o Define a representative spawning bed-material size for a heterogeneous gravel/small 
cobble mixture and calculate the non-dimensional Shields stress (τ*). 

o Shields stress values are binned where values of τ* less than < 0.01 correspond to 
negligible transport, 0.01 less than < τ* less than < 0.03 correspond to intermittent 
entrainment, 0.03 less than < τ* les than < 0.06 corresponds to partial transport, and 
τ* greater than > 0.06 corresponds to full transport of a carpet of sediment 1-2· Dd90 
thick, where Dd90 is the size that 90 percent% of the surficial bed material is smaller 
than.   

o Use the available hydraulic regime to estimate the local critical particle size at the 
incipient-motion threshold for a given reach, wherein a Shields stress of 0.045 is 
utilized to identify the initiation of motion for particles size(s) of interest.  

  

 Geomorphic Process Flows 
  
 Calculate return interval and duration analysis of flows that achieve full bed mobility for 

greater than >50 percent of the area of each of the following morphological units (except 
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for those determined to not meet this threshold within the range of floods simulated): 
pools, riffles, lateral bars, and points bars. 

 Calculate return interval and duration analysis of flows that achieve full bed mobility for 
greater than >50 percent of the area of each reach 

 Sediment Export Analysis 
 Develop DEM’s and uncertainty-adjusted DoD’’s for all reaches in the study area of the 

LYR for the 1999 to – 2009 time period, which is  (the time period when suitably 
accurate elevation data is available for the river).  Based on a thorough uncertainty 
assessment, the best uncertainty adjustment involves subtracting all deviations less than 
the half-contour interval of the 1999 count-based DEM (i.e., 1’ cut-off) and subtracting 
all deviations below a “level of detection” at the 95 percent confidence interval. 

 Calculate total deposition, total scour, and net change, which must be scour, given that 
there is no significant source of sediment below Englebright Dam for each reach and 
morphological unit in the study area. 

 Use a mass balance equation to track downstream changes in sediment volume using the 
DoDs. 

 Channel Morphology Adjustments 
 Develop DoD maps for all reaches in the study area from 1999 to 2009 time period 

showing areas of change including areas of routine vs. occasional recruitment and change 
and an estimate of volume of change. 

 Assess which morphological units are experiencing the most cut and most fill using the 
DoDs. 

 Characterization Of Substrate Distribution (Can be analyzed using existing substrate maps 
and spawning substrate measurement to assess): 
 Relative substrate distribution by reach 
 Relative substrate distribution by morphologic unit 
 Substrate size distribution for spawning 

 Characterization of Large Wood Material (LWM)LWD Presence and Distribution: 
 Provide a ‘snapshot’ inventory of LWM pieces by digitizing identifiable stream wood 

within the 5,000 cfs wetted area based on existing 1-foot' aerial imagery for the study 
area.   

 Assess whether the longitudinal distribution of LWM is random or organized using 
simple longitudinal distribution analysis. 

 Stratify stream wood by reach and morphological unit to assess what landforms it tends 
to be associated with. 

 Intersect stream wood polygons with the study area wetted area polygons up to 5,000 cfs 
to determine what flows access the available wood. 
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Table 5.3-1.  Relationship between perceived channel morphology issues, data to be compiled by 
this study, and data analysis that will occur as part of this study. 

Issue Data Analysis 

Project effects on 
channel 
morphology and 
channel condition 
below Project 
facilities 

 Longitudinal profile 
 Cross sections or contours 
 Substrate map 
 Stage-discharge 

relationship 
 Hydrologic information – 

regulated by Project, non-
regulated by Project,  and 
unimpaired 

 Riparian map 
 Review of historical aerial 

photographs 
 Sediment mobility 

assessment 
 

 Longitudinal profile, cross sections, substrate will be used 
in the sediment transport model to show at what point the 
existing bed is mobile; which combined with hydrology 
data provides the frequency of mobility under regulated 
and unimpaired conditions. 

 Stage-discharge relationship provides at what flow 
various surfaces in the riparian zone are inundated; which 
combined with hydrology data provides the frequency of 
inundation for regulated by Project, non-regulated by 
Project, and unimpaired conditions. 

 Assessment of channel and bank stability provides how 
likely the channel is to move from its current form 

 Historical photos show the relationship between current 
form and prior form (depending upon the photos 
available) 

 Sediment mobility analysis will show the flows at which 
the existing bed is mobile in regulated by Project, non-
regulated by Project, and unimpaired conditions. 

Project effects on 
floodplains 

 Terrain map of river 
 Stage-discharge 

relationship 
 Hydrologic information 
 Riparian Map 
 Historical aerial 

photographs 

 Terrain map of river provides the location and elevation 
of floodplains & stranded terraces 

 Stage-discharge relationship provides at what flow 
various surfaces are inundated; which combined with 
hydrology data provides the frequency of inundation for 
regulated by Project, non-regulated by Project, and 
unimpaired conditions. 

 Historical photos show the history and interaction of the 
active channel with floodplains, conversion to or from 
terraces; changes in vegetation; disturbance history. 

Project effects on 
bedload 
distribution 

 Channel armoring 

 Ratio of surface to sub-surface particles - surface layer is 
commonly coarser than the sub-surface, and the size 
distribution of the sub-surface gravel is often similar to 
that of the transported bedload.  Low values of D50surface 
:D50subsurface (e.g., less than 1.3 means relatively weak 
armoring) are generally indicative of relatively high mean 
annual sediment transport rates, whereas high values of 
D50surface : D50subsurface (e.g., greater than 4 means relatively 
strong armoring) are generally indicative of relatively low 
mean annual sediment transport rates. 

Project effects on 
particle size and 
composition from 
minimum flow & 
uncontrolled spill 

 Summary of spill history 

 Discussion of channel form, sediment size and 
distribution as it relates to hydrology created by releases 
from minimum flow releases flow, and erosion and/or 
hydrology due to spill releases from Project dams 
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5.3.4 Step 4 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include the following 
attachments: 
 
 Map of riveYuba r River downstream of Englebright Dam (*.PDF format) including 

topography, substrate, riparian vegetation, and other river features; 

 Floodplain inundation map, showing inundation area at 1:1, 1:2, 1:5, 1:10 and 1:20 return 
interval flood flows; 

 Summary of riparian condition; 

 The hydraulic/sediment transport model input and output files. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Compile Data from Previous Studies (Step 1) ......................................... October 2011 - May 2012 
Compile Data from Ongoing Studies (Step 2) ........................................................ May - July 2012 
Analysis (Step 3) ................................................................................................. July - August 2012 
Prepare Report (Step 4) ............................................................................. August - September 2012 

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
The methods presented in this study plan are consistent with other generally accepted scientific 
study methods concerning geomorphological function assessment, including those conducted by 
the Resource Agencies in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $90,000 and 
$120,000. 
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Study 2.1 

HYDROLOGIC ALTERATION 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) affects stream flow. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that five agencies have jurisdiction over hydrology and the resources 
that could be potentially affected in the geographic area included in this study proposal:  1) the 
United States Department of Agriculture, Forest Service (Forest Service) on National Forest 
System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) United States Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service (NMFS); 4) California Department of Fish 
and Game (CDFG); and 5) State Water Resources Control Board, Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction and management direction, as 
understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to characterize various metrics of hydrologic alteration due to Project 
O&M. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 6.0, and in particular Sections 6.3 (Project Operations) and 6.4.1 (Current FERC Project 
License), of YCWA’s Preliminary Information Package (YCWA) describes current Project 
operations, including flow and ramping rate requirements.  Appendix F in the Preliminary 
Information Package includes extensive stream and reservoir hydrology data. 
 
4.1 Existing Information Available for Indicators of Hydrologic 

Alteration Analysis 
 
Provided below is a summary of existing “full range” regulated streamflow gage data on Project-
affected streams with a record of at least 20 years, and the period of available data. A 20-year 
minimum for continuous regulated streamflow data was selected per the recommendations of 
The Nature Conservancy (TNC) in their Indicators of Hydrologic Alteration (IHA) Version 7 
Users Manual (TNC 2007). A detailed description of IHA and its proposed use as part of this 
study is provided in Section 5. 
 
 Middle Yuba River below Our House Diversion Dam (USGS Gage 11408880 available from 

October 1, 1968 through October 1, 2008) 

 Oregon Creek Below Log Cabin Diversion Dam (USGS Gage 11409400 available from 
September 1, 1968 through September 1, 2008) 

 Middle Yuba River near North San Juan (USGS Gage 11410000 available from July 1, 1900 
through March 17, 2005) 

 North Yuba River below New Bullards Bar Dam (USGS Gage 11413520 available from 
August 13, 1966 through September 30, 2004) 

 Yuba River at Smartville (USGS Gage 11418000 available from October 1, 1941 through 
September 30, 2008) 

 Yuba River near Smartville (USGS Gage 11419600 available from October 3, 1960 through 
December 11, 2002) 
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 Yuba River near Marysville (USGS Gage 11421000 available from October 1, 1943 through 
September 30, 2008) 

 
In addition, synthesized regulated streamflow data have been developed by YCWA at several 
other locations.  YCWA anticipates using synthesized streamflow data for analysis under this 
study proposal at the following locations: 
 
 Yuba River below confluence with Middle Yuba River (from October 1, 1969 through 

September 30, 2008) 

 Yuba River below New Colgate Powerhouse (from October 1, 1969 through September 30, 
2008) 

 Yuba River below confluence with Deer Creek (from October 1, 1969 through September 30, 
2008) 

 
4.2 Existing Information Available for Flood Frequency Analysis 
 
Annual peak instantaneous flow rates are available at the stream gage locations listed below.  
These data can be used to generate flood recurrence intervals using statistical methods. 
 
 Middle Yuba River below Our House Diversion Dam (USGS Gage 11408880 from water 

years (WY) 1969 through 2008) 

 Oregon Creek Below Log Cabin Diversion Dam (USGS Gage 11409400 from WY 1969 
through 2008) 

 North Yuba River below Goodyears Bar (USGS Gage 11413000 from WY 1931 through 
2008) 

 North Yuba River below New Bullards Bar Dam (USGS Gage 11413520 from WY 1967 
through 2004) 

 Yuba River at Smartville (USGS Gage 11418000 from WY 1942 through 2008) 

 Yuba River at Marysville (USGS Gage 11421000 from WY 1944 through 2008) 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) the portion of 
the Yuba River from the confluence of the North and Middle Yuba rivers to the Feather River, 
including USACE’s Englebright Reservoir. 
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If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan Hydrologic Alteration 
 ©2011, Yuba County Water Agency Page 5 of 10 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Methods 
 
The study will be completed in six steps, each of which is described below. 
 
5.3.1 Step 1 – Ramping Rate Analysis 
 
YCWA will analyze 15 minute data from WYs 1970 through 2008 below the New Colgate and 
Narrows 2 powerhouses and 1-hour data for WYs 1970 through 2008 below the Log Cabin and 
Our House diversion dams.  YCWALicensee’s existing FERC license includes ramping rate 
limitations at one location - below Narrows 2 Powerhouse. 
 
An exceedance probability of change in flow and stage in 15 minute and 1hour intervals for the 
New Colgate and Narrows 2 powerhouses and 1 hour interval for the Log Cabin and Our House 
diversion dams as measured at the nearest stream gage below the facility will be calculated for 
up-ramps and down-ramps as observed during the period of record.  The greatest hourly rate of 
change in flow for the largest 10 rate-of-change events will also be provided to illustrate change 
events.  For the 10 largest events, 24-hour hydrographs with descriptions of event conditions will 
be provided.  
 
Flow change events will be separated into controlled and uncontrolled conditions for 
comparison, where controlled conditions are defined as time periods when YCWALicensee has 
full control of downstream flow and ramping. 
 
5.3.2 Step 2 - Spill Analysis 
 
YCWA will compute the magnitude, duration, and volume of historical spill events below the 
following dams: 
 
 North Yuba River – New Bullards Bar Dam 

 Middle Yuba River – Our House Diversion Dam 

 Oregon Creek – Log Cabin Diversion Dam 

 Yuba River – Englebright Dam 
 
In addition to this cataloging, YCWA will calculate the starting storage condition that would 
have been necessary to prevent these spill events, based on the total volume of spilled water.  
This hypothetical storage condition will be compared to typical storage targets for the time 
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period spills occurred.  Since neither USACE’s Englebright Reservoir nor the Log Cabin Dam or 
Our House Diversion Dam impoundments have flood management responsibilities, only New 
Bullards Bar Reservoir will be evaluated. 
 
5.3.3 Step 3 - Indicators of Hydrologic Alteration (IHA) Analysis 
 
In order to assess the impacts of flow regulation on Project-affected streams, flow characteristics 
will be computed and comparison tables prepared for the regulated and unimpaired flow 
condition on the stream locations listed in Section 4.1.  The IHA methodology will be applied 
(Richter et al. 1996).  Richter suggests that the hydrologic attributes of a stream can be described 
by five fundamental groups of statistics.2 
 
 Group #1: Magnitude of monthly water conditions 

 Group #2: Magnitude and duration of annual extreme water conditions 

 Group #3: Timing of annual extreme water conditions 

 Group #4: Frequency and duration of high and low pulses 

 Group #5: Rate and frequency of change in water conditions 
 
Statistics will be computed for the five IHA Groups using IHA Version 7.1, a software package 
developed by Totten Software Design and Smythe Scientific Software.  Statistics will be further 
aggregated into five water year type categories (critical, dry, below normal, above normal and 
wet; Yuba River Index year-types per SWRCB RD-1644).  IHA is generally used to calculate 
statistics for pre-project and post-project conditions using a continuous gage record.  If adequate 
pre-project data are not available for analysis, developed unimpaired hydrology can be joined 
with existing regulated-condition data to create a record long enough for IHA analysis.  When 
this is done, the first half of the record used for IHA analysis contains simulated without-project 
flows, and the second half includes historical gaged flows under regulated conditions.  Since the 
Yuba River watershed has been regulated long before the Project was constructed, and the 
Project has been subjected to multiple sets of regulatory conditions, several adjustments to the 
standard IHA procedure will be used.  Those adjustments are as follows: 
 
 Because the reaches to be analyzed have experienced flow regulation well before the 

Relicensing Hydrology Period of Record, in most cases extending to the term of the gaging 
records, the inflow hydrology data (developed for Water Years 1970-2008) will be used to 
analyze without-Project conditions.3 

                                                 
2  IHA Version 7 includes additional parameters called Environmental Flow Components (EFC.)  Licensee will use the five 

groups of statistics listed above to analyze hydrologic variability, but do not propose to utilize or provide the output from the 
newer EFC module of IHA. 

3  To create the record for IHA analysis, the simulated inflow record for the 1970-2008 WY period will be falsely dated for the 
WY 1931-1969 pre-project period, and IHA will be run to analyze a flow record from 1931 through 1969, providing 39 years 
of data representing both with- and without-project conditions. Although the historical WY 1931-1969 period did not 
experience the same frequency and distribution of water years as the WY 1970-2008 period, this approach provides a 
reasonable comparison of hydrologic attributes for with- and without-regulation conditions. 
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 Since the project has been subject to several different regulatory conditions since its initial 
license, historical regulated conditions from prior to the implementation of the most recent 
regulatory conditions are not representative of the Project’s current effect on Yuba River 
hydrology.  Accordingly, the Water Balance-Operations Model (described in Study 2.2) will 
be used to simulate a consistent period of record using the Relicensing Hydrology Period of 
Record to reflect the current regulated condition of the project. 

 
5.3.4 Step 4 - Flood Frequency Analysis 
 
YCWA will develop flood frequency curves utilizing annual peak flow data at the locations 
listed in Section 4.2. These curves will be generated using PeakFQ, a software package 
developed by the United States Geological Survey which provides estimates of instantaneous 
annual-maximum peak flows for a range of recurrence intervals using a Pearson Type III 
(logarithmic) frequency distribution (Flynn et al. 2006).  The parameters of the Pearson Type III 
frequency curve are estimated by the logarithmic sample moments (i.e., mean, standard 
deviation, and coefficient of skewness) with adjustments for low outliers, high outliers, historic 
peaks, and generalized skew. Data for this analysis will be the series of annual instantaneous 
peak flows for the period of record of each gage listed in Section 4.2. As sample size warrants at 
each streamflow gage, standard recurrence interval flows will be reported including 1.5, 2, 2.33, 
5, 10, 25, 50, 100, 200, and 500 years. 
 
Flood peaks, defined as significant storm or spring runoff events will be characterized for three 
time periods, the fall, winter and spring seasons. For these three seasons the following items will 
be tabulated for the three hydrologic data set described in the Water Balance/Operations Model 
Study Plan: 
 
 Average and median peak magnitude 
 Minimum and maximum peak magnitude 
 Number of fall and winter flood events per season (no snowmelt) 
 
For the snowmelt season the median of the Julian data of the peak and an approximation of the 
seasonal duration of the snowmelt runoff season will be determined. 
 
5.3.5 Step 5 - Data Quality Assurance/Quality Control 
 
All data, including both input data and output data, will undergo a quality assurance/quality 
control (QA/QC) procedure, and then will be entered into and organized in both Excel and HEC-
DSS formats, where applicable, and will be made available to the Relicensing Participants.  IHA 
data will be presented in their standard output format. 
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5.3.6 Step 6 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
This study proposal does not include any study-specific consultation requirements. 
 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Ramping Rates at Select Conveyance Reaches (Step 1) ........................ October – November 2011 
Spill Cataloging (Step 2) ......................................................................... October – November 2011 
Indicators of Hydrologic Alteration (Step 3) ................................................................ August 2012 
Indicators of Flood Frequency Analysis (Step 4) ........................................................ January 2012 
Data Quality Assurance/Quality Control (Step 5) .................................... August 2011 – June 2012 
Prepare Report (Step 6) .................................................................... July – August September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
IHA and PeakFQ are widely used hydrologic assessment tools and are endorsed by several state 
and federal agencies. All other analyses will be conducted using best available scientific 
practices 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this sStudy in 2011 dollars is between $25,000 
and $35,000. 
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Study 2.2 

WATER BALANCE/OPERATIONS MODEL 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (YRDP or Project) affects storage in reservoirs 
and stream flow. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that five agencies have jurisdiction over hydrology and the resources 
that could be potentially affected in the geographic area included in this study proposal:  1) the 
United States Department of Agriculture, Forest Service (Forest Service) on National Forest 
System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) United States Department of Commerce, National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service (NMFS); 4) California Department of Fish 
and Game (CDFG); and 5) State Water Resources Control Board, Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction and management direction, as 
understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to develop a water balance/operations model that can be used by all 
Relicensing Participants during the Relicensing to simulate current and potential future 
operations of the Project. 
 
The objective of the study is to develop the model in a fashion that results in all interested 
Relicensing Participants agreeing the model is reasonably reliable for the purposes of 
Relicensing, and agreeing to use this single Water Balance/Operations Model to make 
Relicensing recommendations. 
 
Study primary objectives include developing a model that simulates Project O&M for a period of 
analysis that covers a range of hydrologic conditions.  The model should: 
 
 Address operational decisions made during Project O&M including: flood control; water 

supply; recreation; stream flows; and hydropower generation. 

 Accurately reproduce observed reservoir levels, reservoir releases, and hydropower 
generation, within acceptable calibration standards over a range of hydrologic conditions. 

 Provide output to inform other studies, analyses, and models. 

 Allow simulation of changes in Project O&M to determine effects on reservoir levels, 
reservoir releases and hydropower generation. 

 
Development of PM&E measures is not part of the study. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWALicensee believes adequate information exists to develop a Water Balance/Operations 
Model that meets the above study goal.  These data are located in Appendix G, Hydrology Data, 
of YCWALicensee’s Pre-Application Documentliminary Information Package (YCWA 201009).  
The data include area-storage-elevation information for each Project reservoir, historical 
operations data on reservoir storage, release, power generation, and observed flows downstream 
of the Project.  The existing Federal Energy Regulatory Commission (FERC) license, 1965 
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Agreement with the California Department of Fish and Game (CDFG), State Water Resources 
Control Board (SWRCB)  Revised Decision 1644 (RD-1644) and the Lower Yuba River Accord 
agreement specify historical and existing flow requirements throughout the lower Yuba River 
and Project area.  The United States Army Corps of Engineer’s (USACE) Water Control Manual 
for New Bullards Bar Reservoir specifies flood control requirements and operations.  
Information on physical capacities of the reservoirs, outlets, and powerhouses is known by 
YCWALicensee.  
 
In 2001, YCWA developed an operations model of the Project to support water management and 
operational decisions.  The model was subsequently improved for use by the participants of the 
Lower Yuba River Accord process, was reviewed by several of the participating party’s experts, 
and was used to evaluate alternative hydrology scenarios for the Lower Yuba River Accord 
Environmental Impact Report (EIR).  The model used for the Lower Yuba River Accord will not 
meet the goals of this relicensing study because 1) it uses a monthly timestep; 2) it does not 
simulate fluctuations in USACE’s Englebright Reservoir, and 3) does not simulate operations at 
the Log Cabin and Our House diversions dams. 
 

4.0 Study Methods and Analysis 
 
This study includes the development of a Water Balance/Operations Model (model) for use in 
simulating Project operations and determining flows resulting from both current Project 
operations and alternative Project operations. 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedure 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
 
 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods2 
 
The study methods will consist of five steps: 1) model development; 2) model validation; 3) base 
case development; 4) model documentation; and 5) final report.  Each step is described below. 
 
5.3.1 Step 1 – Develop Model 
 
The model will simulate Project operations for a 39-year Relicensing hydrology period of record, 
which extends from Water Year (WY) 1970 through WY 2010.  This period of record was 
chosen due to the availability of daily flow data for all major Project tributaries from United 
States Geological Survey (USGS) gages.  This period of record includes the driest year on record 
(1977), an extended drought (1987 through 1992), and the wettest year on record (1983).  The 
model will include hydrologic inputs from the following locations: 

 North Yuba River above Goodyears Bar 

 Slate Creek below South Feather Water and Power Agency’s South Feather Power Project’s  
Slate Creek Diversion Dam 

 Oregon Creek above Log Cabin Diversion Dam 

 Middle Yuba River above Our House Diversion Dam 

 South Yuba River above Jones Bar 

 Deer Creek below Nevada Irrigation District’s Lake Wildwood Dam  

 Dry Creek near its confluence with the Yuba River 

 Accretions from ungaged tributaries below gaged locations to New Bullards Bar Reservoir, 
USACE’s Englebright Reservoir, and the lower Yuba River 

 
Initial development of the inflow hydrology is described in the Appendix G, Hydrology Data, of 
YCWALicensee’s Pre-Application Documentliminary Information Package (YCWA 201009). 
YCWA shall convene one or more technical meetings to review and adjust if needed, the details 
of Yuba River Development Project hydrology development to reach consensus with interested 
relicensing participants on the methods applied for this project. 
 
The model will include simulation of the following Yuba River Development Project facilities: 
 
 New Bullards Bar Reservoir 

 New Colgate Powerhouse 

 Log Cabin Diversion Dam 

                                                 
2  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants. 
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 Our House Diversion Dam 

 Camptonville Diversion Tunnel 

 Lohman Ridge Diversion Tunnel 

 Narrows 2 Powerhouse 

 
Additionally, the model will simulate USACE’s Englebright Reservoir and Pacific Gas and 
Electric Company’s (PG&E) Narrows 1 Powerhouse operations and diversions at USACE’s 
Daguerre Point Dam.  While these facilities are not a part of the Yuba River Development 
Project, they play a role in determining operations of Yuba River Development Project facilities. 
 
As the primary facility of the Project, operations of New Bullards Bar Reservoir will be the focal 
point of the model.  Simulation of New Bullards Bar Reservoir operations will include the 
following considerations: 
 
 Flood management operations at New Bullards Bar Reservoir 

 Flood management operations at USACE’s Englebright Reservoir 

 Seasonal reservoir storage management at New Bullards Bar Reservoir 

 Weekly and daily reservoir storage management at USACE’s Englebright Reservoir 

 Yuba River flow requirements 

 Agricultural diversions to YCWA Member Units (MU) at USACE’s Daguerre Point Dam 

 Power Generation at the New Colgate Powerhouse 

 
The model will include the capability of operating for an end-of-September carryover-storage 
target in New Bullards Bar Reservoir by managing reservoir releases and by applying 
deficiencies to agricultural deliveries at USACE’s Daguerre Point Dam.   
 
In addition to being able to simulate operations for flow requirements from any of the various 
controlling documents, the model will include both the Yuba River Index (YRI) and North Yuba 
Index (NYI) since these are the two primary hydrologic indices used by RD-1644 and the Yuba 
River Accord for determining their respective water year types and for in-stream flow schedules.  
The YRI is solely based on the computed unimpaired flow of the Yuba River, but the NYI is 
dependent on end-of-September New Bullards Bar Reservoir storage, so reservoir operations of 
any year could affect the NYI for the following year and beyond.   
 
The model will also be able to compute power generation at the New Colgate, Narrows 2 and 
Narrows 1 powerhouses resulting from Project operations.  The model will include the capability 
of reflecting operations to shape power generation to meet energy demands.  If needed, post-
processing of daily model output could be developed to simulate hourly operations of the New 
Colgate and Narrows 2 powerhouse to simulate inter-day variations in releases from these 
powerhouse. 
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YCWALicensee intends to collaborate with Relicensing Participants on certain aspects of model 
development and to consult/advise Relicensing Participants of the more basic elements of the 
model.  Much of the work to prepare a basic model platform has been completed, and 
YCWALicensee intends to provide interested Relicensing Participants with detailed information 
about these efforts, model basics, and justification for model representation of physical and 
operational aspects of the Project.  These early efforts are intended to complete the foundational 
platform for the model to accurately represent the current physical configuration of the Project, 
Yuba River hydrology, and existing operational conditions.  Concurrent with this work, 
YCWALicensee intends to collaborate with Relicensing Participants on the more variable, 
discretionary elements of project operations, model output and additional post-processing needs 
for refined analysis and information. 
 
Approach to Modeling Critical Project Elements 
 
To accurately simulate operations of the Project, several critical elements of project operations 
outlined above require special consideration. The proposed approaches to representing these 
elements in the model are described as follows: 
 
Carryover Storage In New Bullards Bar Reservoir 
Stored water in New Bullards Bar Reservoir must be preserved for subsequent year drought 
protection to ensure sufficient water to meet instream flows and local irrigation deliveries.  
YCWALicensee’s approach to carryover storage determination and operations to preserve stored 
water for carryover are based on a shortage risk policy that uses exceedance probability of 
drought conditions. 
 
To protect against multi-year droughts, simulation of New Bullards Bar Reservoir will include a 
Carryover Storage target for the end of September each year.  If simulated end-of-September 
(EOS) New Bullards Bar reservoir storage falls below the Carryover Storage target, Daguerre 
Point Dam diversions would be reduced.  To achieve the desired Carryover Storage the model 
will iterate, cutting Daguerre Point Dam diversions, until the Carryover Storage target is met, as 
long as Daguerre Point Dam diversions do not drop to less than 50% of demand. 
 
The Carryover Storage target volume is computed to ensure the subsequent year will have 
sufficient water supply to meet Yuba Accord flow requirements and 50% of Daguerre Point Dam 
diversion demands, assuming the volume of inflow to the Project is greater than or equal to 
inflows corresponding to a 1 in 100 occurrence drought.   
 
Yuba Accord Index and Schedule Determination 
The Yuba Accord includes a determination of the North Yuba Index, which includes the amount 
of active stored water at the beginning of a water year (amount of stored water above the License 
minimum storage on September 30th).  Because the amount of water stored in New Bullards Bar 
Reservoir at the beginning of a water year is affected by the previous year(s) operations, a series 
of historical indices and year types cannot be predetermined for modeling purposes, and must 
instead be calculated based on the simulation result of the preceding water year. 
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The model will use the previous year’s New Bullards Bar Reservoir EOS storage with the 
current year’s New Bullards Bar Reservoir inflows to compute the North Yuba Index and the 
corresponding flow schedule.  While the Yuba Accord describes a methodology for forecasting 
inflows, the model will include perfect foresight of reservoir inflows for the water year.  The 
computed North Yuba Index and flow schedule will be used from April 1 of the current water 
year through March 30 of the following water year.   
 
Systematic Changes to Inflow Hydrology due to Upstream Project Operations 
Project inflow hydrology is significantly affected by the upstream facilities of the South Feather 
Power Project, the Yuba-Bear Project and the Drum-Spaulding Project.  These projects all divert 
substantial amounts of water from the Yuba River watershed.  All of these diversions are 
upstream of all Yuba River Development Project facilities and almost none of the water that is 
diverted by these projects ever flows back into the Yuba River.  These diversions therefore will 
significantly impact the amounts of water that will be available to meet minimum instream-flow 
requirements in the Yuba River downstream of USACE’s Englebright Dam. 
 
These upstream projects have operated on continuous and consistent bases during the entire 
Yuba River Development Project period of record.  Because of these continuous and consistent 
historical operations, the historical hydrology for inflows into the Yuba River Development 
Project area accurately represents the effects of these upstream projects’ operations under current 
conditions.  
 
For this Study 2.2, YCWALicensee will utilize results from the modelings of the upstream 
projects’ operations that have been done for these projects’ FERC relicensings.  Outputs from 
these modelings provide the amounts of water that flow into the Yuba River Development 
Project area from each of these projects under the projects’ current operations.  The amounts of 
water that would flow from the area of each of these projects into the Yuba River Development 
Project area under natural conditions also were calculated by these modelings, and can be used to 
quantify these projects’ impacts on Yuba River Development Project hydrology. 
 
The FERC relicensing processes for these upstream projects may, through new license 
conditions, result in changes in these projects’ operations or releases.  To model the effects of 
potential changes in operations of these upstream projects on Yuba River Development Project 
operations, YCWALicensee will use a modeling method that will apply the resulting changes in 
flows due to upstream project operational changes to the historical inflow time series at the 
appropriate gage locations.   
 
YCWALicensee’s modeling also will be able to analyze the impacts of these upstream projects 
on YCWALicensee’s ability to implement potential new minimum instream-flow requirements 
in the Yuba River downstream of USACE’s Englebright Dam.   
 
After the impacts of the upstream projects and proposed changes in their future operations on 
Yuba River Development Project hydrology have been quantified, these hydrological changes 
may be further analyzed to determine these upstream projects’ impacts on specific resources 
such as fish habitat, water quality, and stream morphology. 
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Intra-day Peaking Operations of Colgate Powerhouse 
Historically Colgate Powerhouse has operated on both a weekday peaking schedule and an 
hourly peaking schedule, as well as concurrently providing ancillary services, which can affect 
releases and generation on a time period as short as ten minutes. Under non-flood conditions, 
water management is generally done on a weekly basis. Through weekly power generation 
factors, the model will skew the daily power generation pattern while maintaining the weekly 
release volume.  This would allow the model to simulate a weekday-weekend power generation 
cycle, where weekday generation was emphasized over weekend generation.   
 
The water balance/operations model runs on a daily time step and cannot directly simulate 
shorter time period power operations. To simulate the range, rate of change and occurrence of 
flows within a day, post-processing of the water balance/operations model output will be 
accomplished using Excel spreadsheets to apply hourly or 15 minute patterns to the daily flows 
for a representative period of interest. 
 
Englebright Coordinated Operations 
Englebright Reservoir and New Bullards Bar Reservoir are operated conjunctively to meet 
YCWA and PG&E regulatory instream flow requirements, flood management, irrigation 
deliveries and power demands.   
 
As previously mentioned, weekly power generation factors will be used to weight generation on 
certain weekdays over others.  Since Englebright Reservoir is operated to maintain relatively 
consistent flows on the lower Yuba River below Englebright Dam, variations in power 
generating flows from Colgate Powerhouse would be reflected as changes in storage at 
Englebright Reservoir.  As such, the model will operate Colgate Powerhouse to maintain 
Englebright Reservoir storage within a defined, limited range.  The model will adjust Colgate 
Powerhouse releases as necessary to begin and end each week at the same Englebright Reservoir 
storage. 
 
Power generation releases from Englebright Reservoir can be made through either the Narrows 1 
or Narrows 2 powerhouses or both.  The model will have three simulation modes for splitting 
Englebright Reservoir releases between the two powerhouses: No Split, Current Contract, and 
Post Relicensing. 
 
Under the No Split mode, all available Narrows 2 Powerhouse capacity would be used before 
releases were made through the Narrows 1 Powerhouse.  Under the Current Contract mode, the 
order is reversed, and all Narrows 1 Powerhouse capacity would be used before any releases 
were made through the Narrows 2 Powerhouse.  Under the Post-Relicensing mode, natural 
inflows to Englebright Reservoir would be released through the Narrows 2 Powerhouse up to 
YCWALicensee’s water rights.  Releases above YCWALicensee’s water rights would be made 
through the Narrows 1 Powerhouse.  If needed, any additional releases could be made through 
the remaining capacity of Narrows 2 Powerhouse. 
 
In addition to previously-described output, the model will provide output for the locations listed 
in Table 5.3.1-1. 
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Table 5.3.1-1.  Water Balance/Operations Model output locations. 
River Mile Location Units Source of Data 

MIDDLE YUBA RIVER 
OUR HOUSE DIVERSION DAM REACH1 

-- 
Upstream Inflow into Our House 
Diversion Dam Impoundment 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- Lohman Ridge Tunnel Intake Mean Daily Flow Model Output 

11.9 
Total Flow Downstream of 
Our House Diversion Dam 

Mean Daily Flow Model Output 

4.6 
Middle Yuba River Upstream of 
Oregon Creek Confluence 

Mean Daily Flow Model Output 

4.6 
Middle Yuba River Downstream of 
Oregon Creek Confluence 

Mean Daily Flow Model Output 

0.0 
Middle Yuba River Upstream of 
North Yuba River Confluence 

Mean Daily Flow Model Output 

ORGON CREEK 
LOG CABIN DIVERSION DAM REACH2 

-- 
Upstream Inflow into Log Cabin 
Diversion Dam Impoundment 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- 
Camptonville Tunnel Intake 
(USGS Gage 11409350) 

Mean Daily Flow Model Output 

4.1 
Total Flow Downstream of 
Log Cabin Diversion Dam 

Mean Daily Flow Model Output 

0.0 
Oregon Creek Upstream of 
Middle Yuba River Confluence 

Mean Daily Flow Model Output 

NORTH YUBA RIVER 
NEW BULLARDS BAR DAM REACH3 

-- 
Upstream Inflow into New Bullards Bar 
Reservoir 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- New Bullards Bar Reservoir  
Mean Daily 
Reservoir Elevation 

Model Output 

-- Colgate Power Tunnel Intake Mean Daily Flow Model Output 

2.4 
New Bullards Bar Dam 
Instream Release  
(Min Flow Powerhouse) 

Mean Daily Flow Model Output 

2.4 New Bullards Bar Dam Spill Mean Daily Flow Model Output 

2.4 
Total Flow Downstream of 
New Bullards Bar Dam 

Mean Daily Flow Model Output 

0.0 
North Yuba River Upstream of 
Middle Yuba River Confluence 

Mean Daily Flow Model Output 

YUBA RIVER 
NORTH AND MIDDLE YUBA RIVER CONFLUENCE REACH4 

39.5 
Yuba River at North and Middle Yuba 
River Confluence 

Mean Daily Flow Model Output 

34.0 
Yuba River to  
New Colgate Powerhouse 

Mean Daily Flow Model Output 
YUBA RIVER 

NEW COLGATE POWERHOUSE REACH5

34.0 
Yuba River Downstream of 
New Colgate Powerhouse 

Mean Daily Flow Model Output 

32.8 
Inflow into Englebright Reservoir from 
Middle Yuba River 

Mean Daily Flow Model Output 

YUBA RIVER 
ENGLEBRIGHT DAM REACH6 

-- 
Inflow into Englebright Reservoir from 
South Yuba River 

Mean Daily Flow Synthetic and Historical Flows from USGS Gages 

-- Englebright Reservoir 
Mean Daily 
Reservoir Elevation 

Model Output 

24.0 Englebright Dam Spill Mean Daily Flow Model Output 
23.9 Narrows 2 Powerhouse Release Mean Daily Flow Model Output 
23.8 Narrows 1 Powerhouse Release Mean Daily Flow Model Output 
23.6 Yuba River Near Smartville Mean Daily Flow Model Output 
23.0 Yuba River Upstream of Deer Creek Mean Daily Flow Model Output 
23.0 Deer Creek Inflow Mean Daily Flow Synthetic and Historical Flows from USGS Gages
13.3 Yuba River Upstream of Dry Creek Mean Daily Flow Model Output 
13.3 Dry Creek Inflow Mean Daily Flow Synthetic and Historical Flows from USGS Gages
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Table 5.3.1-1.  (continued) 
River Mile Location Units Source of Data 

YUBA RIVER 
ENGLEBRIGHT DAM REACH6 (continued) 

13.3 
Yuba River Downstream 
of Dry Creek 

Mean Daily Flow Model Output 
11.4 North Canal Diversions Mean Daily Flow Model Output 
11.4 South Canal Diversions Mean Daily Flow Model Output 
11.4 Yuba River below Daguerre Point Dam Mean Daily Flow Model Output 
6.0 Yuba River near Marysville  Mean Daily Flow Model Output 
0.0 Yuba River Upstream of Feather River Mean Daily Flow Model Output 

1 Our House Diversion Dam Reach - Middle Yuba River from Our House Diversion Dam to immediately upstream of the confluence with the 
North Yuba River. 

2 Log Cabin Diversion Dam Reach - Oregon Creek from Log Cabin Diversion Dam to immediately upstream of the confluence with the Middle 
Yuba River. 

3 New Bullards Bar Dam Reach - North Yuba River upstream of the confluence with the Middle Yuba River 
4 North and Middle Confluence Reach - Yuba River from the confluence of the North Yuba River and the Middle Yuba River to upstream of 

Colgate Powerhouse. 
5 Colgate Powerhouse Reach - Yuba River from the Colgate Powerhouse to the normal maximum water surface elevation of Englebright 

Reservoir. 
6 Englebright Dam Reach - Yuba River from and including Englebright Reservoir to Daguerre Point Dam. 
7 Daguerre Point Diversion Dam Reach - Yuba River from the Daguerre Point Dam to the Feather River. 

 
 
The model will incorporate storage targets for New Bullards Bar and USACE’s Englebright 
reservoirs to simulate the decision process used to manage storage at times when the facilities are 
not operating to meet regulatory flow requirements. 
 
The Model will also require the ability to simulate stored water transfers from New Bullards Bar 
Reserovir through an increase in flow at USGS’s Marysville gage and a decrease in New 
Bullards Bar Reservoir storage on a user-defined schedule as water transfers have historically 
had a significant effect on Project operations. 
 
5.3.2 Step 2 – Validate Model 
 
A simulation of multiple water years will be executed in the model using flow requirements, 
diversion demands, starting reservoir storage, and hydrologic conditions corresponding to those 
years.  YCWALicensee will evaluate the model by comparing the simulation output to the 
historical record for the corresponding years.  Significant differences between historical 
conditions and model runs will be examined, and the causes of any differences will be identified 
and documented.  Key locations for validation of the model will be as follows: 
 
 End-of-Day New Bullards Bar Reservoir storage 

 Daily average releases from the New Colgate Powerhouse 

 Daily average Middle Yuba River flow below Our House Dam 

 Daily average Yuba River flow at Smartville 

 Daily average Yuba River flow at Marysville 

 
The validation simulations will be reviewed by YCWA staff and consultants with historical 
experience in operating the Project to ensure consistency and reasonableness of simulation logic 
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with Project operations.  Any unexplainable variations will result in an examination and revision 
of model logic or input. 
 
5.3.3 Step 3 – Develop Base Case Simulation 
 
Using current regulatory requirements and agreements, diversion demands, and historical storage 
at the start of the simulation period of record, a base case simulation for project operations will 
be developed.  Flows resulting from upper watershed projects to the Project area will be 
historical flows for the period of record as reflected in the Project inflow hydrology. 
 
The underlying assumption is that this base case represents the “No Action Alternative.”  A full 
description of the Base Case setting will be prepared and distributed.  YCWALicensee intends 
that all subsequent model runs be compared to the Base Case run. 
 
5.3.4 Step 4– Develop Draft Model Development Report 
 
Concurrent with model development, YCWALicensee will develop a Model Development 
Report describing the basic logic and major assumptions associated with the model.  While the 
Model Development Report does not need to describe every decision made in developing the 
model, it will be complete enough so that a user unfamiliar with the Project, but relatively 
familiar with operations modeling, could review model output and understand the logic behind 
most Project operations decisions.  Discussion of model assumptions will include facility 
capacities and other physical Project constraints. 
 
YCWAThe Licensee will meet with interested Relicensing Participants to review the model 
during model validation, before the Model Development Report is complete.  This will include at 
least one meeting to generally introduce Relicensing Participants to the model.  Once the draft 
model validation report has been presented and discussed with Relicensing Participants, 
YCWALicensee will finalize the Validation and Model Development Reports as described in 
Section 5.3.5.  Relicensing Participants will be given a CD with an executable version of the 
model, the Model Development Report that describing all model input and logic including 
priorities, and the Model Validation Report.  After a reasonable time for review, YCWALicensee 
will hold a series of workshops with interested Relicensing Participants to collaboratively review 
the Model. 
 
5.3.5 Step 5 – Prepare Final Model and Model Development and Validation 

Report 
 
In the last task, YCWALicensee will finalize the model, and the Model Development and 
Validation reports, including a report describing development and rationale for the base case, and 
provide these, along with the model (on CD) configured to the base case, to Relicensing 
Participants. 
 
Making runs of the model once the model has been fully calibrated and validated is not part of 
this study. 
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5.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 YCWALicensee will meet with interested Relicensing Participants to review the model.  This 

will include a meeting to generally introduce Relicensing Participants to the model.  At that 
meeting, Relicensing Participants will be given a CD with an executable version of the 
model, the Model Development Report that describing all model input and logic including 
priorities, and the Draft Model Validation Report.  After a reasonable time for review, 
YCWALicensee will hold a series of workshops with interested Relicensing Participants to 
collaboratively review the Model. (Step 4.)   

 

6.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Develop Model (Step 1) ............................................................................................... October 2011 
Validate Model (Step 2) .......................................................................... October 2011 – May 2012 
Develop Base Case (Step 3) ....................................................................................May – July 2012 
Develop Draft Model Development Report (Step 4) .............................. October 2011 – June 2012 
Prepare Reports (Step 5) .................................................................. July – August September 2012 
 

7.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The model platform used in support of the Project Relicensing will be selected from a list of 
model platforms used in other Relicensing processes.  Model development, including validation 
and model application will be conducted in accordance with generally accepted scientific 
practices. 
 

8.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this sStudy in 2011 dollars is between $200,000 
and $250,000.  
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Study 2.3 

WATER QUALITY 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect water 
quality.  Hydroelectric facilities control the timing and magnitude of flow delivered to stream 
channels and residence time of water within Project impoundments; these hydrologic factors 
define the physical, chemical and biological characteristics of water within the Yuba River 
watershed.  Recreational uses at Project reservoirs and facilities have the potential to impact 
water quality through human contact. 
 
Water temperature is not addressed in this study but in two separate studies: Water Temperature 
Monitoring and Water Temperature Modeling.  Additionally, consistency of water quality with 
methylmercury fish tissue objectives is addressed in a separate study: Bioaccumulation.  
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
LicenseeYCWA believes that five agencies have jurisdiction over water quality and the 
resources that could be potentially affected in the geographic area included in this study 
proposal:  1) the United States Department of Agriculture, Forest Service (Forest Service) on 
National Forest System (NFS) land; 2) United States Department of Interior, Fish and Wildlife 
Service (USFWS); 3) United States Department of Commerce, National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 5) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
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NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goals of this study are: 1) to characterize existing water quality conditions in Project 
reservoirs and Project-affected reaches of the North, Middle and mainstem Yuba rivers and 
tributaries including Oregon Creek, 2) to determine consistency with state and federal water 
quality objectives, standards, and criteria, and 3) to identify potential Project O&M related 
causes for Basin Plan Objectives and Beneficial Use protections to not be met.   
 
The objective of the study is to collect water quality data adequate to meet the study goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Available information consists of existing regulatory plans and advisories for the watershed, as 
well as water quality data collected to date in the project area. 
 
4.1 Regulatory Status for Surface Water and Fish the Project Area 
 
4.1.1 The Basin Plan 
 
Water Quality Objectives and Beneficial Use Designations for Project reservoirs and Project 
affected stream reaches are established in Central Valley Regional Water Quality Control 
Board’s (CVRWQCB) Water Quality Control Plan (Basin Plan) for the Sacramento and San 
Joaquin Rivers, the fourth edition of which was initially adopted in 1998 and most recently 
revised in 2007 (CVRWQCB 1998).  The Yuba River Development Project and the area 
downstream of the Project falls within two Basin Plan Hydro Units: Hydro Unit 517, which 
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includes New Bullards Bar Reservoir, and Hydro Unit 515.3, which includes the Yuba River 
from the United States Army Corp of Engineers’ (USACE) Englebright Dam to the Feather 
River.  Designated beneficial uses of surface water were excerpted from the Basin Plan and are 
shown by Hydro Unit in Table 4.1.1-1. 
 
Table 4.1.1-1.  Beneficial uses of surface water within the Yuba River Development Project and the 
area downstream as designated by Hydro Unit (HU) in the Basin Plan (CVRWQCB 1998). 

Designated Beneficial Use 
Description from Basin Plan, Section II 

Designated Beneficial Use 
by Hydro Unit from Basin Plan, Table II-1 

Use 

Sources to 
USACE’s 

Englebright 
Reservoir  

USACE’s 
Englebright Dam to 

Feather River 

HU 517 HU 515.3 

Municipal and 
Domestic Supply 
(MUN) 

Uses of water for community, military or individual 
water supply systems including, but not limited to, 
drinking water supply. 

MUNICIPAL 
AND 

DOMESTIC 
SUPPLY 

Existing -- 

Agricultural 
Supply (AGR) 

Uses of water for farming, horticulture, or ranching 
including, but not limited to, irrigation (including 
leaching of salts), stock watering, or support of 
vegetation for range grazing. 

IRRIGATION Existing Existing 

STOCK 
WATERING 

Existing Existing 

Industry 

Uses of water for industrial activities that depend 
primarily on water quality. 

INDUSTRIAL 
PROCESS 
SUPPLY 
(PROC) 

-- -- 

Uses of water for industrial activities that do not 
depend primarily on water quality including, but 
not limited to, mining, cooling water supply, 
hydraulic conveyance, gravel washing, fire 
protection, or oil well repressurization. 

INDUSTRIAL 
SURVICE 

SUPPLY (IND) 
-- -- 

Hydropower generation 
POWER 
(POW) 

Existing Existing 

Water Contact 
Recreation 
(REC-1)  

Uses of water for recreational activities involving 
body contact with water, where ingestion of water 
is reasonably possible.  These uses include, but are 
not limited to, swimming, wading, water skiing, 
skin and scuba diving, surfing, white water 
activities, fishing, or use of natural hot springs. 

CONTACT Existing Existing 

CANOEING 
AND 

RAFTING* 
 

Existing Existing 

Non-Contact 
Water 
Recreation 
(REC-2) 

Uses of water for recreational activities involving 
proximity to water, but where there is generally no 
body contact with water, nor any likelihood of 
ingestion of water.  These uses include, but are not 
limited to, picnicking, sunbathing, hiking, beach-
combing, camping, boating, tide-pool and marine 
life study, hunting, sightseeing, or aesthetic 
enjoyment in conjunction with the above activities. 

OTHER NON-
CONTACT 

Existing Existing 

Freshwater 
Habitat 

Uses of water that support warm water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or  
wildlife, including invertebrates. 

WARM1,2 -- Existing 

Uses of water that support cold water ecosystems 
including, but not limited to, preservation or 
enhancement of aquatic habitats, vegetation, fish, or 
wildlife, including invertebrates. 

COLD1,2 Existing Existing 

Migration of 
Aquatic 
Organisms 
(MGR) 

Uses of water that support habitats necessary for 
migration or other temporary activities by aquatic 
organisms, such as anadromous fish. 

WARM2,3 -- Existing 

COLD2,4 -- Existing 

 Spawning 
(SPWN) 

Uses of water that support high quality aquatic 
habitats suitable for reproduction and early 
development of fish. 

WARM2,3 -- Existing 

COLD2,4 Existing Existing 
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Table 4.1.1-1.  (continued) 

Designated Beneficial Use 
Description from Basin Plan, Section II 

Designated Beneficial Use 
by Hydro Unit from Basin Plan, Table II-1

Use 

Sources to 
USACE’s 

Englebright 
Reservoir  

USACE’s 
Englebright Dam to 

Feather River 

HU 517 HU 515.3 

Wildlife Habitat 
(WILD) 

Uses of water that support terrestrial or wetland 
ecosystems including, but not limited to, 
preservation or enhancement of terrestrial habitats 
or wetlands, vegetation, wildlife (e.g., mammals, 
birds, reptiles, amphibians, invertebrates), or 
wildlife water and food sources. 

WILDLIFE 
HABITAT 

Existing Existing 

1 Resident fish; does not include anadromous.   
2 Any hydrologic unit with both WARM and COLD beneficial use designations is considered COLD water bodies for the application of water 

quality objectives (CVRWQCB 1998). 
3 Striped bass, sturgeon and shad. 
4 Salmon and steelhead. 
*  Canoeing and rafting are flow-dependent beneficial uses.   

 
 
4.1.2 California’s List of Impaired Waters 
 
Section 303(d) of the Clean Water Act (CWA) requires that every two years each State submit to 
the United States Environmental Protection Agency (EPA) a list of rivers, lakes and reservoirs in 
the State for which pollution control or requirements have failed to provide for water quality.  
The CVRWQCB and State Water Resources Control Board (SWRCB) work together to research 
and update the list for the Central Valley region of California.  Based on a review of this list and 
its associated Total Maximum Daily Load (TMDL) Priority Schedule, in the Project Vicinity, 
USACE’s Englebright Reservoir has been identified by the SWRCB as CWA §303(d) State 
Impaired for mercury; and Deer Creek, a tributary to the Yuba River, has been identified as 
impaired for pH (SWRCB 2006).  However, there are currently no approved TMDL plans for the 
Yuba River. 
 
In 2009, the CVRWQCB recommended including additional surface waters in the Project Area 
to the 303(d) list as impaired for mercury:  New Bullards Bar Reservoir, the Middle Yuba River, 
the North Fork Yuba River from New Bullards Bar Dam to Englebright Reservoir, the South 
Yuba River from Lake Spaulding to USACE’s Englebright Reservoir, and the Lower Yuba River 
from USACE’s Englebright Reservoir to the Feather (CVRWQCB 2009).  The CVRWQCB is 
also recommending that the lower Yuba River be added to the 303(d) list as impaired for iron 
(CVRWQCB 2009).  These recommendations were considered and adopted by the SWRCB at 
the August 3, 2010 Board meeting, at which time they were advanced forward for approval by 
the United States EPA (Azimi-Gaylon, pers. comm., 2010).  At the time this study proposal is 
prepared, they have not been approved by the EPA. 
 
4.1.3 Fish Ingestion Advisories 
 
Using available fish tissue data and risk-based methodologies, the Office of Environmental 
Health Hazard Assessment (OEHHA) has issued species-specific fish ingestion advisories for 
trout, sunfish and bass caught in USACE’s Englebright Reservoir (OEHHA 2003, OEHHA 
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2009).  Fish ingestion advisories previously issued for Deer Creek, a tributary to the Yuba River, 
were recently retracted due to an insufficient quantity of data (OHHEA 2009). 
 
4.2 Existing Water Quality Information 
 
Existing, relevant and reasonably available information found at the Project Area1 was 
documented in Section 7.2.9 of the LicenseeYCWA’s Pre-Application Package (YCWA 2010) 
and is summarized below. 
 
4.2.1 Licensees’ Summer 2009 Data 
 
Information regarding water quality in the Project Area was gathered during the low flow 
summer season in 2009, a period when Project O&M effects were expected to be most 
pronounced, if they occur.  The study consisted of two elements:  a general water quality element 
and a recreation element. The general water quality element consisted of collecting samples from 
the reservoirs and stream reaches of the Project Area and analyzing each sample for 35 analytes.  
Secchi disc measurements were also made within reservoirs.  The recreation study element 
consisted of collecting samples adjacent to New Bullards Bar Reservoir’s Emerald Cove and 
Dark Day Campground boat ramps on five separate days over a 30 day period that included the 
Labor Day weekend.  Bacteria counts were made for these samples. 
 
Surface water samples were collected from the 17 locations between September 14 and 17, 2009.  
Temperatures ranged between 8.8 to 16.1 degrees Centigrade (°C) at all locations except 
upstream of the Project near the South Yuba River State Park, which had a temperature of 
20.9°C.  Dissolved oxygen (DO) was generally between 7.3 and 9.5 milligrams per liter (mg/L), 
while pH ranged between 7.3 and 8.3 standard units (su) in all 17 samples. Turbidity ranged 
from non-detected to 15.4 Nephelometric Turbidity Units (NTU) and hardness ranged from 21 to 
90 mg/L.  The Secchi disc measurement for New Bullards Bar was 9 feet and for USACE’s 
Englebright Reservoir, the Secchi disc depth was 12 feet.  Below and within Project facilities, 
metals and dissolved metals concentrations were either non-detected using laboratory methods or 
present in trace amounts. Metals concentration in Project surface water met both drinking water 
standards and aquatic life protective criteria.   
 
Fecal coliform and Escherichia coli (E. coli) were not found, while total coliform was found. 
Fecal coliform is the only one of these parameters for which there is a Basin Plan Objective.  
Since total coliform counts were not accompanied by commensurate E. coli counts, it is likely 
that humans are not responsible for the observed total coliform. 
 

                                                 
1 For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next major 
water controlling feature or structure. 
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4.2.2 Sacramento River Watershed Program 1996-1998 
 
The Sacramento River Watershed Program collected 27 samples over a 3-year period between 
1996 and 1998 from a site near Marysville, directly upstream of the Yuba River’s confluence 
with the Feather River (LWA 2000 IN YCWA, CWDR, and BOR 2007).  In this program, pH 
ranged from 7.0-7.8 su, turbidity ranged from 1-153 NTU,  DO ranged from 8.0-12 mg/L, Total 
Organic Carbon (TOC) ranged from 0.7-2.4 mg/L, nitrate-nitrite concentrations ranged from 
0.05-0.14 mg/L, and electrical conductivity (EC) ranged from 44-105 microSeimens per 
centimeter (µS/cm).  Samples were also analyzed for mercury (total; 1.19-46.7 nanograms per 
Liter, or ng/L).  Samples collected in the earliest rounds were also analyzed for seven trace 
metals which were taken off the analayte list after metal concentrations were found to be 
consistently below drinking water criteria (LWA 2000). 
 
4.2.3 Oroville Relicensing Water Quality Study 2002-2004 
 
In support of the Oroville Dam relicensing effort, the California Department of Water Resources 
(CDWR) collected 30 samples from a Feather River site near Marysville, directly upstream of 
the Yuba River’s confluence with the Feather River (DWR 2004 IN HDR|SWRI 2007).  DWR 
analyzed each sample for more than 50 analytes, including total and dissolved metals.  In the 
DWR samples, pH ranged from 7.1-7.4 su; turbidity ranged from 0.5-17.2 mg/L; DO ranged 
from 8.4-14.2 mg/L; TOC ranged from 0.8-3.6 mg/L; nitrate-nitrite concentrations ranged from 
less than 0.01-0.08 mg/L; and EC ranged from 76-28 µS/cm. 
 
4.2.4 South Yuba River Citizens League (SYRCL) 2000-2009 
 
Since 2000, as weather and access have allowed, the South Yuba River Citizens League 
(SYRCL), a non-governmental organization, has implemented a citizen’s monitoring program, 
funded by a grant sponsored by the Regional Water Quality Control Board (RWQCB).   The 
program consists of sampling up to 33 sites in the Yuba River watershed for dissolved oxygen, 
pH, conductivity, temperature, turbidity, total suspended solids, and some metals (arsenic, 
mercury), sometimes as often as monthly.  Based on these data, SYRCL has identified arsenic, 
bacteria, and mercury as constituents of concern in the watershed (SYRCL 2006; SYRCL 
Website 2005 IN HDR|SWRI 2007). 
 
Upstream of the Project, surface water samples were collected from the North Yuba River just 
upstream of New Bullards Bar Reservoir during an 8 to 12-month period in 2001 (SYRCL 2007 
IN HDR|SWRI 2007).  A total of seven samples were collected for six general water quality 
parameters: pH ranged from 7-8.1 su, turbidity ranged from 0-45 mg/L, DO ranged from 8.3-
12.3 mg/L, TOC ranged from 0.59-2.6 mg/L, nitrate-nitrite ranged from 0.025-0.05 mg/L, and 
EC ranged from 20-30 µS/cm.  In the Project Area, SYRCL has been sampling downstream of 
Colgate Powerhouse, measured constituents consisted of pH (6.8-8.6 su), DO (9.5-14.5 mg/L), 
temperature (7.1-18.4 C), turbidity (0-16.6 NTU), and electrical conductivity (60-143 µS/cm). 
 
Between 2001 and 2009, SYRCL collected samples from three locations downstream of 
USACE’s Englebright Reservoir to the Feather River confluence, Parks Bar at Highway 20, 
Hallwood Avenue, and Marysville above the confluence with the Feather River (SYRCL 2009).  
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Samples were analyzed at different frequencies and results were as follows: coliform ranged 
from 42 to greater than 2,410 MPN/100 ml; arsenic ranged from non-detected in laboratory 
analysis to 3.9 mg/L; iron ranged from non-detected to 2360 mg/L; copper ranged from 1.06-19 
mg/L; zinc ranged from 0.4-13.6 mg/L; chromium ranged from non-detected to 0.94 mg/L; and 
turbidity ranged from non-detected to 27 mg/L. 
 
4.2.5 Need for Additional Data 
 
Historic data suggest that surface water of the Project Area generally meets Basin Plan 
Objectives.  However, the vast majority of historic data is 10 years old or more, much of it has 
been collected near the mouth of the Yuba River, and LicenseeYCWA’s 2009 data was collected 
only in one season – summer low flow period.  Data collection efforts throughout project 
affected streams and impoundments during the spring runoff would be useful, as would water 
quality information from additional sites during the summer low flow period and downstream of 
New Bullards Bar reservoir in the fall. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir.  Background conditions will be 
collected from sampling sites upstream of all Project facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Water Quality RevisedProposed Study Plan AugustApril 2011 
Page 8 of 24 ©2011, Yuba County Water Agency 

variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
The study will be performed in eight steps: 1) select water quality parameters; 2) select sampling 
locations; 3) collect water samples; 4) perform laboratory analyses using standard methods 
adequately sensitive to determine consistency with state and federal water quality standards; 5) 
prepare quality assurance/quality control (QA/QC) review; 6) determine consistency with Basin 
Plan Objectives and beneficial use protection needs; 7) consult Operations Staff; and 8) prepare 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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report.  The report will be made available to Relicensing Participants.  Each of these steps is 
described below. 
 
5.3.1 Step 1 – Select Water Quality Parameters 
 
For the purpose of this study proposal, water quality parameters and constituents to be measured 
are divided into two categories: 1) general water quality study and 2) recreation study.  The 
parameters included in each category and associated information are listed in Table 5.3.1-1. 
 
Table 5.3.1-1.  Water quality parameters and constituents to be measured and methods, reporting 
limits and laboratory holding times for each. 

Analyte Method 
Target Reporting  Limit 

µg/L (or other) 
Hold 
Time 

G
E

N
E

R
A

L
 S

T
U

D
Y

 

BASIC WATER QUALITY- IN SITU 

Dissolved Oxygen DO SM 4500-O 0.1 mg/L Field (in situ) 

Specific conductance -- SM 2510A 0.001 µmhos Field (in situ) 

pH -- SM 4500-H 0.1 su Field (in situ) 

Turbidity -- SM 2130 B 0.1 NTU Field (in situ) 

Secchi Disc -- -- -- Field (in situ) 

BASIC WATER QUALITY—LABORATORY 

Total Organic Carbon TOC SM 5310  0.2 mg/L 28 d 

Dissolved Organic Carbon DOC EPA 415.1 D 0.5/0.1  28 d 

Total Dissolved Solids TDS EPA 2540 C SM 2340 C  1 mg/L 7d 

Total Suspended Solids TSS EPA 2520 D SM 2340 D 1 mg/L 7d 

INORGANIC IONS 

Total Alkalinity  -- SM 2340 B 2000 14 d 

Calcium Ca EPA 6010 B 30 180 d 

Chloride Cl EPA 300.0 20 28 d 

Hardness (measured value) -- EPA 2340 B SM 2340 C  1 mg/L as CaCO3 14 d 

Magnesium Mg EPA 6010 B 1 180 d 

Potassium K EPA 6010 B 500 180 d 

Sodium Na EPA 6010 B 29 180 d 

Sulfate SO4
2− EPA 300.0 1.0 mg/L 28 d 

Sulfide S2− SM 4500 S2 - D 0.05 mg/L 28 d 

NUTRIENTS 

Nitrate-Nitrite  -- EPA 300.0 2 28 d <pH 2 

Total Ammonia as N  -- EPA 4500-NH3 SM 4500-NH3 0.02 28 d <pH 2 

Total Kjeldahl Nitrogen as N  TKN SM 4500 N 100 28 d <pH 2 

Total phosphorus  TP SM4500 P 20 28 d <pH 2 

Dissolved Orthophosphate  PO4 EPA 365.1 EPA 300.0 0.01 48 h at 4 °C 

METALS (total and dissolved) 

Aluminum (total and dissolved) Al EPA 200.8/EPA 1638 4.0/ 0.4 180 d 

Arsenic (total and dissolved) As EPA 200.8/1638 0.15/0.04 180 d 

Cadmium (total and dissolved) Cd EPA 200.8/1638 0.020/0.004 180 d 

Chromium, Total (total and dissolved) Cr EPA 200.8/1638 0.010/0.03 180 d 

Copper (total and dissolved) Cu EPA 200.8/1638 0.10/0.01 180 d 

Iron (total and dissolved) Fe EPA 200.8/1638 10.0/3.2 180 d 

Lead (total and dissolved) Pb EPA 200.8/EPA 1638 0.040/0.003 180 d 

Mercury (total) Hg EPA 1631 0.0005/0.00008 28 d 

Methylmercury (total and dissolved) CH3Hg EPA 1630 0.00005/0.000019 90 d 

Nickel (total and dissolved) Ni EPA 200.8/1638 0.10/0.01 180 d 
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Table 5.3.1-1.  (continued) 

Analyte Method 
Target Reporting  Limit 

µg/L (or other) 
Hold 
Time 

 

Selenium (total) Se EPA 200.8/1638 0.60/0.19 180 d 

Silver (total and dissolved) Ag EPA 200.8/1638 0.20/0.006 180 d 

Zinc (total and dissolved) Zn EPA 200.8/1638 0.2/0.1 180 d 

R
E

C
R

E
A

T
IO

N
  

S
T

U
D

Y
 

BACTERIA 

Total coliform  -- SM 9221 1.1 MPN 24 h 

Fecal coliform  -- SM 9221 1.1 MPN 24 h 

Escherichia coli  E. coli SM 9223 1.1 MPN 24 h 

PETROLEUM HYDROCARBONS 
Total Petroleum Hydrocarbons (gasoline 
range) 

TPH-g SW 8015B 50 14 d 

Oil & Grease O&G Visual Observation -- -- 
Key: 

EPA = United States Environmental Protection Agency 
CaCO3 = Calcium carbonate 
d = days 
h = hours 
µmhos = micro-ohms 
µg/L = micrograms per liter (equals parts per billion) 
mg/L = milligrams per liter (equals parts per million) 
MPN = Most Probable Number 
NTU = Nephelometric Turbidity Units 
SM = Standard Method 
su = Standard Unit 

 
 
5.3.2 Step 2 – Select Sampling Locations 
 
5.3.2.1 Select General Water Quality Sample Locations 
 
General water quality samples will be collected upstream and downstream of the Project 
reservoir, diversions and powerhouses.  Samples will also be collected downstream of Project 
facilities at multiple sites between USACE’s Englebright Reservoir and the Feather River.  In 
New Bullards Bar Reservoir and in the USACE’s Englebright Reservoir samples will be 
collected at a minimum of three sites each, including the deepest part of the reservoir near the 
dams.  At each reservoir location, general water chemistry samples will be collected for 
laboratory analysis at two depths: within the hypolimnion and just below the surface in the 
epilimnion (Table 5.3.2-1). 
 
Table 5.3.2-1.  General water quality sample locations - reservoirs. 

Reservoir Sample Depth Location 

NORTH YUBA RIVER 

New Bullards Bar Reservoir  
Surface Three Sites:  1) Near Madrone Cove, 2) Mid-

Reservoir at influence of Slate Creek, and 3) 
Near Dam Bottom 

YUBA RIVER 

USACE’s Englebright Reservoir  
Surface Three Sites: 1) Upper reservoir, 2) Mid-

Reservoir, and 3) Near Dam Bottom 

 
 
Stream samples for general water quality will be collected upstream and downstream of New 
Bullards Bar Reservoir, Our House Diversion Dam Impoundment, Log Cabin Diversion Dam 
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Impoundment, and USACE’s Englebright Reservoir, as well as at four locations between 
USACE’s Englebright Dam and the Feather River (Table 5.3.2-2).  Water chemistry samples will 
be grab samples collected for laboratory analysis from the moving water.  
 
Table 5.3.2-2.  General water quality sample locations - stream reaches. 

Stream Reach Sample Depth Location Notes 

MIDDLE YUBA RIVER 

-- Surface Above Our House Dam Diversion 
Above New Bullards Bar Inflow 

SYRCL Sampling Site 
Our House Diversion  Dam Reach Surface Below Our House Dam Diversion Immediately downstream of dam 

-- Surface MYR upstream of confluence with NYR MYR and Oregon Creek conditions 

OREGON CREEK 

-- Surface Above Log Cabin Diversion Dam 
Immediately upstream of the 

impoundment and above inflow 
from tunnel 

Log Cabin Diversion  Dam Reach Surface Below Log Cabin Diversion Dam Immediately downstream of dam 

NORTH YUBA RIVER 

-- Surface Below Fiddle Creek at Hwy 491 SYRCL Sampling Site 

New Bullards Bar Dam Reach Surface Below New Bullards Bar Dam -- 

YUBA RIVER 

-- Surface Above Colgate Powerhouse SYRCL Sampling Site 

Colgate Powerhouse Reach 

Surface Below Colgate Powerhouse  -- 

Surface 
Downstream of Dobbins Ck/ upstream 

of SYR confluence & high-water line of 
Englebright Reservoir 

Mixing of Dobbins with New 
Bullards/Colgate flow in Yuba 

SOUTH YUBA RIVER 

-- Surface 
South Yuba River State Park – SYR 

upstream of Englebright high-water line 

SYR delivery conditions from 
Yuba-Bear and Drum-Spaulding 
Projects;  and routing; SYRCL’s 

Bridgeport sampling site 
YUBA RIVER 

-- Surface 
Narrows #2 Tailrace/ Below USACE’s 

Englebright Dam 
-- 

Narrows 2 Powerhouse Reach Surface Below Deer Creek at Hwy 20 SYRCL Sampling Site 

Daguerre Point Dam Reach 

Surface 
Below USACE’s Daguerre Point 

Diversion Dam 
SYRCL Sampling Site 

Surface At Walnut Avenue -- 

Surface Marysville SYRCL Sampling Site 
1 Or, if water levels are low, a location in flowing water upstream of the reservoir 
2 A location near the head of the reservoir.  

Key: 
Hwy = Highway 
MYR = Middle Yuba River 
SYR= South Yuba River 
SYRCL= South Yuba River Citizens League 
USACE= United States Army Corps of Engineers 

 
5.3.2.2 Select Reservoir Recreation Water Quality Sample Locations 
 
Two recreation water quality samples will be collected, one each from the surface of New 
Bullards Bar Reservoir near the boat ramps in Emerald Cove and Dark Day Campground (Table 
5.3.2-3). 
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Table 5.3.2-3.  Recreation water quality sample locations--reservoir. 
Reservoir Sample Depth Location 

New Bullards Bar Reservoir  

Surface Emerald Cove Near the Boat Ramp 

Surface 
Dark Day Cove equidistant between the 
Boat Ramp and the informal day use 
area.1 

Surface Moran Cove Day Use Area Shoreline 
1   New Bullards Bar does not have any beaches, due to the reservoir’s steep shoreline.  However, at low water levels, the exposed shoreline near 

Dark Day Cove boat ramp is more gently sloped and recreationists have been observed swimming at this location. 

 
 
If LicenseeYCWA and Relicensing Participants collaboratively identify additional locations of 
concern regarding Project-related bacteria  during the Recreation Use and Visitor Surveys Study 
(Study 8.1), additional recreation-related bacteria sampling will be performed at those locations.  
In particular, YCWA and the Forest Service have agreed that YCWA will perform recreation 
surveys at Oregon Creek Day Use Area during the relicensing Recreation Use and Visitor 
Surveys Study (Study 8.1).  If the surveys indicate a Project nexus, YCWA will perform 
additional data collection, which could include general water quality and bacteria sampling at the 
day use area.   
 
5.3.2.3  Select Turbidity-associated Mercury Sample Locations 
 
One surface water quality sample will be collected each from the New Colgate Powerhouse 
tailrace and the Narrows No. 2 Powerhouse tailrace, when the powerhouses are in operation,  
during a single period expected to be of high turbidity in 2012.  A flow of 5,000 cfs, as measured 
at the Smartsville gage3 will trigger the sampling event.  Water samples will be analyzed for  
turbidity, total suspended sediment, total dissolved sediment, total mercury and methylmercury 
using the methods described in Table 5.3.1-1.  Water chemistry samples will be grab samples 
collected for laboratory analysis from the moving water, consistent with Section 5.3.3.1.2.   
 
5.3.3 Step 3 – Collect Samples 
 
All data will be acquired in accordance with standard quality assurance practices. 
 
5.3.3.1 General Water Quality Reservoir and Stream Sampling 
 
Water chemistry samples will be collected from all locations in the spring run-off period 
(June/July) and late summer low flow season (late August/early September).  A single sample 
will be collected downstream of New Bullards Bar for a third time, in the fall 
(October/November).  A single sample will be collected downsreamdownstream of each 
powerhouse during for a fourth period, during a time of high turbidity (Section 5.3.2.3).    
YCWA will make a good faith effort to keep Relicensing Participants informed of the study’s 
progress and preliminary findings following data QA/QC.  And, if data from spring or summer 
sampling events show elevated constituent or parameter levels at locations other than 
downstream of New Bullards Bar, LicenseeYCWA will consult with Licensing Participants and 
determine need for additional fall sampling at select sites, as appropriate. 

                                                 
3  http://cdec.water.ca.gov/cgi-progs/queryF?s=YRS 
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5.3.3.1.1 In Situ Sampling 
 
In situ water quality measurements will be made at these same depths with a Hydrolab 
DataSonde 5 (Hydrolab), or other instrument with similar precision and accuracy.  Water 
temperature (±0.1°C), DO (±0.2 mg/L), pH (±0.2 standard unit, or su), specific conductance 
(±0.001 micromhos per centimeter (µomhos/cm)), and turbidity (± 1 NTU) will be measured in 
situ using a Hydrolab DataSonde 5 or other similar instrument that has the same precision and 
accuracy.  Prior to and after each use, the instrument will be calibrated using manufacturer’s 
recommended calibration methods. Any variances will be noted on the field data sheet and final 
report and recalibration or repair done as necessary.  LicenseeYCWA will note relevant 
conditions during each sampling event on the field data sheet (i.e., air temperature, flow, 
description of location, floating material, evidence of oil and grease, and activities in the vicinity 
of sampling site that could cause short or long term alterations to water quality, such as 
dredging). 
 
5.3.3.1.2 Laboratory Samples 
 
Each laboratory sample will be collected into laboratory-supplied clean containers.  Water 
samples to be analyzed for metals will be taken using “clean hands” methods consistent with the 
EPA’s Method 1669 sampling protocol Sampling Ambient Water for Trace Metals at EPA Water 
Quality Criteria (EPA 1995).  Samples requiring filtration before metals analysis will be filtered 
in accordance with standard protocols in the field.  Certification of filter cleanliness will be 
obtained from the vendor and kept in the Project files. 
 
All sample containers will be labeled with the date and time that the sample is collected, 
sampling site or identification label and handled in a manner consistent with appropriate chain-
of-custody protocols.  The sample container will be preserved (as appropriate), stored and 
delivered to a State of California-certified water quality laboratory for analyses of the parameters 
listed in Table 5.3.1-1 in accordance with maximum holding periods for each parameter.  A 
chain-of-custody record will be maintained with the samples at all times.  The sampling site 
location will be recorded using a GPS unit. 
 
As part of the field quality assurance program, two field blanks and equipment rinsates will be 
collected and submitted to the laboratory (approximately one for every ten analyses).  A field 
blank is a sample of analyte-free water poured into the container in the field, preserved and 
shipped to the laboratory with samples.  A field blank for filtered samples will be similarly 
created, but filtered using field techniques before pouring into the container.  A field blank 
assesses the contamination from field conditions during sampling.  A rinsate is a sample of 
analyte-free water poured over or through decontaminated field sampling equipment prior to the 
collection of samples.  It assesses the adequacy of the decontamination processes.  Two duplicate 
samples will also be collected. 
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5.3.3.1.3 Secchi Depth Readings in Reservoirs 
 
Prior to collecting reservoir samples, a Secchi disk will be slowly lowered into the water on the 
shady side of the boat until it is no longer visible, and the depth recorded.  Then, the Secchi disc 
will be slowly raised until it just becomes visible once again and this depth will be recorded a 
second time.  The average of the two depths will be considered the Secchi depth.  
 
5.3.3.2 Recreation Water Quality Sampling 
 
In accordance with bacteria sampling protocols, bacteria samples will be collected on five 
different days within a 30-day period which spans the Independence Day holiday weekend and 
five different days within a 30-day period which spans the Labor Day holiday weekend 
(CVRWQCB 1998).  A single petroleum hydrocarbon sample will be collected at each location 
during each of the holiday weekends included in the bacteria sampling.  At each near-shore 
sample location, surface water will be collected from the near surface (bacteria) and/or the 
surface (petroleum hydrocarbons).  Visual observations of oil and grease will be recorded in the 
field notebook.    
 
5.3.4 Step 4 – Perform Laboratory Analyses 
 
5.3.4.1 Chemical Analyses 
 
All laboratory analyses will be conducted using EPA Standard Methods or the equivalent 
sufficiently sensitive to detect and report at levels necessary for evaluation against state and 
federal water quality standards.  A State of California-certified laboratory will prepare and 
analyze water samples for the following surface water analytical parameters: 
 
 Basic Water Chemistry - Laboratory 

 Inorganic Ions 

 Metals 

 Nutrients 

 Petroleum Hydrocarbons 
 
The analytes and target reporting limits associated with each parameter are listed in Table 
5.3.1-1. 
 
5.3.4.2 Bacteria Analyses 
 
Surface water samples collected adjacent to recreation sites will be analyzed for: 
 
 Total coliform 

 Fecal coliform 

 Escherichia coli 
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Bacteria samples will be delivered to a local laboratory within the holding times required in 
Table 5.3.1-1. 
 
5.3.5 Step 5 – Prepare Quality Assurance/Quality Control Review 
 
All data will be verified and/or validated as appropriate.  In brief, following the field sampling 
and laboratory analyses, which includes the laboratories’ own QA/QC analysis, LicenseeYCWA 
will subject all data to QA/QC procedures including, but not limited to: spot-checks of 
transcription; review of electronic data submissions for completeness; comparison of results to 
field blank and rinsate results; and, identification of any data that seem inconsistent.  If any 
inconsistencies are found, LicenseeYCWA will consult with the laboratory to identify any 
potential sources of error before concluding that the data is correct.  
 
All verified chemical detections, including data whose results are “J” qualified,4 will be used for 
this assessment.  Should the laboratory need to re-extract samples and re-run the sample under 
different calibration conditions, the data identified by the laboratory, as the most certain, will be 
used.  If field-sampling conditions, as measured by the field blank and the rinsate sample results, 
indicate that samples have been corrupted, LicenseeYCWA will identify the data accordingly. 
 
5.3.6 Step 6 – Determine Consistentency with Basin Plan Objectives 
 
5.3.6.1 All Samples Excluding Samples Collected From Powerhouse Release (Section 

5.3.2.3) 
 
Table 5.3.6-1 shows the standards, criteria and benchmark values that will be used to assist with 
in the assessment of sample results and their consistency with the Basin Plan Objectives.  The 
selected values primarily consist of the Title 22 drinking water standards, which are incorporated 
by reference into the Basin Plan itself, and the California Toxics Rule (CTR) (EPA 2000). 
However, when a study analyte does not have a compliance threshold (benchmark) in one these 
preferred sources, benchmarks will be applied from A Compilation of Water Quality Goals 
(Marshack 2008, as amended for July 2008 – April 2010); Water Quality Standards for 
Recreational Waters (EPA 2003; another compilation with multiple regional sources); and others 
as cited. 
 
Table 5.3.6-1.  Standards, Criteria and Benchmarks used for determining consistency with Basin 
Plan Objectives and designated beneficial uses of water in project reservoirs and project-affected 
stream reaches.1 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

BACTERIA (MUN, REC-1) 

Total coliform -- 
< 10,000 MPN per 100 mL 

< 240 MPN per 100 mL 
(geometric mean); 

EPA 2003 

Water contact recreation, 
single-day sample; 
Water contact recreation, 30-
day geometric mean 

                                                 
4  Results with a “J” qualifier are results where the chemical was detected, but there is uncertainty in the quantity.  The quantity 

is above the method detection limit, but below the reporting limit. 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

BACTERIA (MUN, REC-1) (continued) 

Fecal coliform -- 

< 200 MPN per 100 mL 
(geometric mean); < 10% of 
samples > 400 MPN per 100 

mL 

CVRWQCB 1998 

Water contact recreation, 30-
day geometric mean; with 
individual samples not  > 400 
MPN/100  mL 

Escherichia coli E. coli 

< 126 MPN per 100 mL 
(geometric mean)  

< 235 MPN per 100 mL in any 
single sample 

CVRWQCB 2002; 
EPA 2003 

Water contact recreation, 30- 
day geometric mean 

BIOSTIMULATORY SUBSTANCES (COLD, SPAWN) 

Total Kjeldahl Nitrogen TKN None -- -- 

Total Phosphorous TP None -- -- 

CHEMICAL CONSTITUENTS (MUN) 

Alkalinity -- 20 mg/L Marshack 2008 
EPA AWQC; less than 20 

mg/L can affect water 
treatment 

Aluminum Al 1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Arsenic As 0.01 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Cadmium Cd 5 µg/L 
CDPH 2010  cited 

in CVRWQCB 
1998 

22 CCR §64431 
Primary MCL 

Calcium Ca None -- -- 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

Chromium (total) Cr (total) 50 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Copper Cu 1.3 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Lead Pb 15 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Mercury (inorganic) Hg 2 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nickel Ni 100 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrate NO3-N 45 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrite NO2-N 1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Nitrate + Nitrite NO3-N+NO2-N 10 mg/L (combined total) 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Potassium K None -- -- 

Selenium Se 50 µg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64431 
Primary MCL 

Sodium Na 20 mg/L Marshack 2008 Sodium Restricted Diet2 

DISSOLVED OXYGEN (COLD, SPAWN) 

Dissolved Oxygen DO > 7 mg/L (minimum) CVRWQCB 1998 Aquatic life protection 

FLOATING MATERIAL (REC-1, REC-2) 

Floating Material -- Narrative Criteria  CVRWQCB 1998 
Aesthetics – Absent by visual 

observation 
OIL & GREASE (REC-1, REC-2) 

Oil & Grease -- Narrative  CVRWQCB 1998 
Aesthetics – Absent by visual 

observation 
Total Petroleum 
Hydrocarbons 

TPH None -- -- 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

pH (MUN, COLD, SPAWN, WILD) 

pH -- 6.5-8.5 CVRWQCB 1998 Aquatic life protection 

SEDIMENT AND SETTLEABLE SOLIDS (REC-2, SPAWN, WILD) 

Sediment -- Narrative  CVRWQCB 1998 
See Geology and Soil 

Resources  
TASTES & ODOR (MUN) 

Aluminum Al 0.2 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Chloride Cl 250 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Copper Cu 1.0 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Iron Fe 0.3 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Silver Ag 0.1 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Specific conductance -- 900 µS/cm 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Sulfate SO4
2− 250 mg/L 

CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Total Dissolved Solids TDS 500 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

Zinc Zn 5 mg/L 
CDPH 2010 cited in 
CVRWQCB 1998 

22 CCR §64449 
Secondary MCL 

TEMPERATURE (COLD, SPAWN) 

Temperature -- Narrative  CVRWQCB 1998 See Water Temperature Study 

TOXICITY (COLD, SPAWN, MUN)  

Alkalinity -- 20 mg/L Marshack 2008 
EPA AWQC; buffering 

capacity 

Aluminum Al 0.087 µg/L Marshack 2008 
EPA AWQC; aquatic life 

protective3 

Ammonia as N 
(pH and Temp dependent) 

NH3-N 

24.1 mg/L (CMC); 
4.1-5.9 mg/L (CCC) 

EPA 2000 
CTR criteria over 0-20oC 

assuming pH 7.0 
5.6 mg/L (CMC); 

1.7-2.4 mg/L (CCC) 
EPA 2000 

CTR criteria over 0-20oC 
assuming pH 8.0 

0.9 mg/L (CMC); 
0.3-0.5 mg/L (CCC) 

EPA 2000 
CTR criteria over 0-20oC 

assuming pH 9.0 

Arsenic As 
0.34 mg/L (CMC); 
0.15 mg/L (CCC) 

EPA 2000 CTR criteria 

Cadmium 
(hardness dependent) 

Cd 

0.16 µg/L (CMC); 
0.25 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

0.35 µg/L (CMC); 
0.41 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

Cadmium 
(hardness dependent) 
(continued) 

Cd 
(continued) 

0.54 µg/L (CMC); 
0.56 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

0.95 µg/L (CMC); 
0.81 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Chloride Cl- 
860 mg/L (CMC); 
230 mg/L (CCC) 

Marshack 2008 
EPA AWQC; aquatic life 

protective 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

TOXICITY (COLD, SPAWN, MUN) (continued) 

Chromium 
(hardness dependent) 

Cr 

47.19 µg/L (CMC); 
15.31 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

83.25 µg/L (CMC); 
27.0 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

116.03 µg/L (CMC); 
37.64  µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

176.31 µg/L (CMC); 
57.19 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Copper 
(hardness dependent) 

Cu 

0.8 µg/L (CMC); 
0.69 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

1.54 µg/L (CMC); 
1.25 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

2.25 µg/L (CMC); 
1.77 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

3.64 µg/L (CMC); 
2.74 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Iron Fe 1 mg/L (CCC) Marshack 2008 
EPA AWQC; aquatic life 

protective 

Mercury (total) Hg 0.050 µg/L 
EPA 2000 

40 CFR 131.38 
CTR/Federal Register. 

5/18/00 

Nickel 
(hardness dependent) 
 

Ni 
 

37.2 µg/L (CMC); 
4.1 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

66.9 µg/L (CMC); 
7.4 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

94.3 µg/L (CMC); 
10.5 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

145.2 µg/L (CMC); 
16.1 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 

Selenium (total) Se 
20 µg/L (CMC) 
5 µg/L (CCC) 

Marshack 2008 
EPA AWQC; aquatic life 

protective 

Silver 
(hardness dependent) 

Ag 

0.02 µg/L (CMC) 
Instantaneous 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

0.07 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

Silver 
(hardness dependent) 

Ag 

0.13 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

0.32 µg/L (CMC) 
instantaneous 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 
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Table 5.3.6-1.  (continued) 

Analyte 
Symbol or 

Abbreviation 

Standard, Criteria or 
Benchmark  

Value 
Reference Notes 

TOXICITY (COLD, SPAWN, MUN) (continued) 

Lead 
(hardness dependent) 

Pb 

2 µg/L (CMC) 
0.086 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

5 µg/L (CMC) 
0.191 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

8 µg/L (CMC) 
0.303 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

14 µg/L (CMC) 
0.54 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 
Specific conductance -- 150 µmhos CVRWQCB 1998 Aquatic Life Protection 

Zinc 
(hardness dependent) 

Zn 

9.26 µg/L (CMC) 
9.33 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 

assuming hardness of 5 mg/L 
as CaCO3 

16.66 µg/L (CMC) 
16.79 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 10 

mg/L as CaCO3 

23.48 µg/L (CMC) 
23.68 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 15 

mg/L as CaCO3 

36.20 µg/L (CMC) 
36.50 µg/L (CCC) 

EPA 2000 
CTR for dissolved sample 
assuming hardness of 25 

mg/L as CaCO3 
TURBIDITY (COLD, SPAWN, WILD, MUN) 

Turbidity NTU 

increase < 1 NTU for 1-5 NTU 
background; 

increase < 20% for 5-50 NTU 
background; 

increase < 10 NTU for 50-100 
NTU background 

CVRWQCB 1998 Aesthetics, disinfection 

1 Note: a constituent may be listed under more than one beneficial use.  When a standard or criterion was not available, benchmarks were 
excerpted from EPA (2003) and Marshack (2008). 

2 Guidance level to protect those individuals restricted to a total sodium intake of 500 mg/day (Marshack 2008). 
3 Benchmark is likely overly protective, as EPA is aware of field data indicating that many high quality waters in the U.S. contain more than 

0.087 µg aluminum/L, when either total recoverable or dissolved is measured (Marshack 2008) 
Key: 
 

AWQC = Ambient Water Quality Criteria 
EPA = Environmental Protection Agency 
CaCO3 = Calcium carbonate 
CMC = Criterion Maximum Concentration (1-hour acute 
exposure) for aquatic toxicity as defined by EPA (2000) 
CCC = Criterion Continuous Concentration (4-day chronic 
exposure) for aquatic toxicity as defined by EPA (2000) 
CTR = California Toxics Rule 

MCL = Maximum Contaminant Level 
µmhos = micromhos 
µg/L = micrograms per liter 
mg/L = milligrams per liter 
MPN = Most Probable Number 
NTU = Nephelometric turbidity units 
SM = Standard Method 
su = standard unit 

 
 
The CVRWQCB has adopted, by reference, California Title 22 maximum contaminant levels 
(MCL) for drinking water as Basin Plan objectives (CVRWQCB 1998), with the exception that 
more stringent criteria may apply as necessary for protection of specific beneficial uses.  Hence, 
these values are adopted as the drinking water standard herein.  It should be noted, however, that 
chemical concentrations that were originally intended to apply to finished tap water, rather than 
to untreated sources of drinking water, will be applied to the untreated reservoir or river water. 
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For water quality objectives related to aquatic toxicity for ammonia and trace metals, the CTR 
(EPA 2000) is the preferred benchmark source.  Part 40 CFR § 131.38 established Criterion 
Maximum Concentrations (CMC) as the highest concentrations to which aquatic life can be 
exposed for a short period5 [one hour] without deleterious effects and Criterion Continuous 
Concentrations (CCC) as the highest concentration to which aquatic life can be exposed for an 
extended period of time (4 days) without deleterious effects.  When single grab samples are 
collected, as will be the case for this study, it is assumed that constituent concentrations are 
representative of the continuous ambient condition, and CCC values are therefore used as the 
appropriate criteria to compare against environmental sample results.   
 
Because of differences in acute and chronic toxicity to aquatic organisms of many elements and 
compounds, as well as variations with ambient water quality such as pH or hardness, several 
entries in Table 5.3.6-1have multiple benchmarks to illustrate this range.  The benchmarks for 
seven of the metals addressed in this study plan (cadmium, chromium, copper, lead, nickel, 
silver, and zinc) are reported for dissolved metals from the CTR (EPA 2000).  In Table 5.3.6-1, 
benchmarks for these metals are calculated in 5 mg/L increments of hardness since the aquatic 
toxicity of these metals reportedly increases as hardness decreases.  Similarly, the CMC and 
CCC levels for ammonia are a function of both pH and temperature and are presented for the 
temperature range of 0º-20ºC in pH increments of 1.0 su in Table 5.3.6-1. 
 
5.3.6.2 Samples Collected From Powerhouse Release (Section 5.3.2.3) 
 
YCWA will compare the samples collected from the powerhouse tailraces to ambient levels of 
total mercury and methylmercury, as determined by YCWA’s sampling in this study at other 
locations and seasons, as well as regional studies performed by others.   
 
5.3.7 Step 7 – Consult with Operations Staff 
 
If a water quality result suggests Basin Plan objectives are not being met, LicenseeYCWA will 
consult with Project Operations staff to identify Project O&M activities that typically occur in 
the area with the potential to adversely-affect the parameter. 
 
5.3.8 Step 8 – Collaboratively Agree on New Focused Second Year Study 
 
LicenseeYCWA will meet with interested and available Relicensing Participants no later than 6 
weeks prior to the date that LicenseeYCWA’s Initial Study Report is scheduled to be filed with 
FERC to review data available from the study at that time and discuss the need for, and scope of, 
a focused water quality study in 2013.  The criteria to be used by LicenseeYCWA and 
Relicensing Participants to consider the need for a focused second year study will be when a 
constituent is found at an elevated level, where elevated is defined as a level outside the 
standards, criteria and benchmarks provided in Table 5.3.6-1, and the elevated level can 
reasonably be attributed to Project effects.  If LicenseeYCWA and Relicensing Participants 
collaboratively agree focused studies are needed in a second year, LicenseeYCWA will develop 
a new study proposal or modification to this study proposal (depending on the scope of work for 

                                                 
5  Based on extended sample collection and one-hour averaging. 
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the focused study), provide it to the SWRCB, CDFG, and Forest Service for review, file it with 
FERC prior to or at the same time as LicenseeYCWA files its Initial Study Report, and 
implement the study as directed by FERC.   
 
5.3.9 Step 9 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include in Microsoft 
Excel format on compact disc (CD) a complete water quality dataset.  Also, the report will 
include a table that will show for each parameter measured the results of the sampling sorted by 
sampling location.  Data that that are greater than the benchmarks provided in Table 5.3.6-1 will 
be highlighted.  The table will be appended to report and available in its Microsoft Excel format. 
 

6.0 Study-Specific Consultation 
 
This study requires three study-specific consultations: 
 
 If LicenseeYCWA and Relicensing Participants collaboratively identify additional locations 

of concern regarding Project-related bacteria during the Recreation Use and Visitor Surveys 
Study (Study 8.1), additional recreation-related bacteria sampling will be performed at the 
locations (, as discussed in Step 2).  In particular, YCWA and the Forest Service have agreed 
that YCWA will perform recreation surveys at Oregon Creek Day Use Area during the 
relicensing Recreation Use and Visitor Surveys Study (Study 8.1).  If the surveys indicate a 
Project nexus, YCWA will perform additional data collection, which could include general 
water quality and bacteria sampling at the day use area.   
 

 LicenseeYCWA will make a good faith effort to keep Relicensing Participants informed of 
the study’s progress and preliminary findings from verified and/or validated data following 
data QA/QC (, as discussed in Step 3).  

 LicenseeYCWA will collaborate with Relicensing Participants regarding need for a focused 
second year study (, as discussed in Step 8). 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select Parameters and Sampling Locations (Steps 1 & 2) ................ December 2011February 2012 
Collect Data (Step 3) ....................................................................... June January – November 2012 
Lab Analysis and QA/QC Review (Steps 4 & 5) ......................................... June – December 2012 
Basin Plan Consistency and Operations Staff Consultation (Steps 6 & 7) .............. December 2012 
Collaborative Review of Data and Need for Focused Study (Step 8)………….[See Section 5.3.8] 
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Prepare Report (Step 9) ............................................... November 2012 –- January September 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates that the cost to complete this study in 2011 dollars is between 
$155160,000 and $22015,000. 
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Study 2.41 

BIOACCUMULATION 
AugustApril 2011 

 
1.0 Project Nexus 
 
Impoundment of water (with the incidental accumulation of sediment) and operation of the Yuba 
County Water Agency’s (YCWA or Licensee) Yuba River Development Project (Project) 
facilities have potential to increase the methylated mercury in the system, making it available for 
bioaccumulation through various trophic levels of the aquatic ecosystem. 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction over the Resource Studied 

 
LicenseeYCWA believes that threewo state agencies have jurisdiction or management goals over 
bioaccumulation and human health risk in California that could be poetentiallyaffected: 1) the 
State of California’s Office of Environmental Health Hazard Assessment (OEHHA); and 2) the 
State Water Resource Control Board, Division of Water Rights (SWRCB), and 3) the California 
Department of Fish and Game (CDFG): 
 
OEHHA 
The OEHHA is the relevant fish consumption agency for consultation under the Federal Power 
Act Section 10(j) (16 U.S.C. § 803(j)).  OEHHA’s Fish and Water Quality Evaluation Unit 
evaluates chemical contaminants in fish and wildlife and develops fish consumption health 
advisories.  Fish consumption advisories are published in the California Sport Fish Regulations 
and are part of a public communications program intended to help protect citizens, including 
sensitive subpopulations, against toxic chemicals.  OEHHA provides specific consumption 
advice for fish taken from many water bodies in California.  
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 
CDFG  
In its July 12, 2011 letter to FERC that provided comments on YCWA’s Proposed Study Plan, 
CDFG stated that its mission is to manage California’s diverse fish, wildlife, and plant resources, 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
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and the habitats upon which they depend, for their ecological values and for their use and 
enjoyment by the public. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to provide California’s Office of Environmental Health Hazard 
Assessment (OEHHA) with the information needed, if any, to develop consumption 
recommendations for targeted species. The objective of the study is to characterize the 
concentration of methylmercury in resident, edible-sized sport fish in the Project’s impounded 
waters including New Bullard’s Bar Reservoir, Our House Diversion Dam impoundment, and 
Log Cabin Diversion Dam impoundment.  
 
As it is practical to also analyze the collected samples for other metals, fish tissue will also be 
analyzed for arsenic, copper, selenium, and silver. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Available information consists of existing regulatory plans and advisories for the watershed, as 
well as water quality data collected to date in the Project Area.2 
 
4.1 Regulatory Status for Surface Water and Fish in the Project Area 
 
Beneficial uses and water quality objectives for the Project Area are documented within the 
Central Valley Regional Water Quality Control Board’s (CVRWQCB) Water Quality Control 
Plan (Basin Plan) for the Sacramento and San Joaquin Rivers, the fourth edition, which was 
initially adopted in 1998 and most recently revised in 2007 (CVRWQCB 1998).  The Basin 
Plan’s designations for Yuba River Development Project and the area downstream of the Project 
include freshwater aquatic habitat (COLD) and water contact recreation (REC-1), which 
incorporate the uses commercial or recreational collection of fish, shellfish, or organisms.  Since 
the main concern with mercury is that it bioaccumulates in aquatic systems to levels that are 
harmful to fish and their predators, including humans, the presence of mercury in its bioavailable 
form (methylmercury) has the potential to impair Project waters due to toxicity.   
 
The toxicity water quality objective states that “…all waters shall be maintained free of toxic 
substances in concentrations that produce detrimental physiological responses in human, plant, 
animal, or aquatic life.” 
 
Section 303(d) of the Clean Water Act (CWA) requires that every two years each State submit to 
the United States Environmental Protection Agency (EPA) a list of impaired rivers, lakes and 
reservoirs for which pollution control or requirements have failed to provide for water quality.  

                                                 
2  The Project Area is defined as the area within the FERC Project Boundary and the land immediately surrounding the FERC 

Project Boundary (i.e., within about 0.25 mile of the FERC Project Boundary) and includes Project-affected reaches between 
facilities and downstream to the next major water controlling feature or structure. 
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Based on a review of this list and its associated Total Maximum Daily Load (TMDL) Priority 
Schedule, in the Project Vicinity,3 United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir has been identified by the State Water Resources Control Board 
(SWRCB) as CWA §303(d) State Impaired for potential toxicity due to mercury (SWRCB 
2006).  There are currently no approved TMDL plans for the Yuba River.  Kanaka Creek, which 
is a tributary to the Middle Yuba River 4 miles upstream of Our House Diversion Dam, is listed 
under Section 303(d) of the Clean Water Act as “impaired” due to arsenic levels and contributes 
to the measured high levels of arsenic. 
 
In 2009, the CVRWQCB recommended including additional surface waters in the Project 
Vicinity to the 303(d) list as impaired for mercury:  New Bullards Bar Reservoir, the Middle 
Yuba River, the North Fork Yuba River from New Bullards Bar Dam to Englebright Reservoir, 
the South Yuba River from Lake Spaulding to USACE’s Englebright Reservoir, and the Lower 
Yuba River from USACE’s Englebright Reservoir to the Feather River (CVRWQCB 2009).  
These recommendations were based on fish tissue mercury data provided in SWRCB (2002) and 
Melwani et al. (2007) [See Section 4.2.] and the potential impairment of beneficial uses due to 
toxicity.  These recommendations must be approved by the SWRCB and the United States EPA 
before the list is modified. 
 
Along a parallel regulatory path, using available fish tissue data and risk-based methodologies, 
the Office of Environmental Health Hazard Assessment (OEHHA) has issued species-specific 
fish ingestion advisories for trout, sunfish and bass caught in USACE’s Englebright Reservoir 
(OEHHA 2003, OEHHA 2009).  In the Project Vicinity, fish ingestion advisories previously 
issued for Deer Creek, a tributary to the Yuba River, and the Lower Yuba River from USACE’s 
Englebright Reservoir to the Feather River were recently retracted (OHHEA 2009). 
 
4.2 Existing Methylmercury Bioaccumulation Information 
 
Existing, relevant and reasonably available information found at the Project Area was 
documented in Section 7.2.9 of the YCWA’sLicensee’s Pre-Application Document, or PAD 
(YCWA 2010) and is summarized below 
 
Since the early 1990s, the upper Yuba River watershed has been studied by University of 
California, Davis, and the United States Geological Survey (USGS) (Alpers et al. 2005; 
Hunderlach et al. 1999; May et al. 2000;  Slotton et al. 1995 IN May et al. 2000; and Slotton et 
al, in preparation IN OEHHA 2009).   Findings from these studies indicate that significant 
amounts of Gold Rush era mercury still exist in sediments, surface water and fish of the upper 
Yuba watershed.  Sediments are being transported downstream into reservoirs on the Yuba 
River, where they are largely trapped (Hunderlach et al. 1999; Alpers et al. 2005).   Findings 
from these studies also indicate that fish tissue concentrations of mercury exceed the criteria 
established for protection of human health at some locations (Table 4.2-1). 
 
Table 4.2-1.  Mercury concentrations measured in fish tissue in the Project Vicinity. 

                                                 
3  The Project Vicinity is defined as the area surrounding the Project in the order of a United States Geological Survey 1:24,000 

topographic quadrangle. 
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Location 
Species 

Sampled 
Number of 

Fish 

Mercury, 
Total 

(ppm)1 

Total 
Length 
(mm) 

Data Source 

UPSTREAM OF THE PROJECT AREA 
North Yuba River near Canyon 
Creek 

Rainbow trout 5 
0.19 – 0.14 
(avg 0.11) 

236 - 311 Slotton et al. (1997) 

Middle Yuba River one mile 
upstream of Plumbago Road 

Rainbow trout 5 
0.05 - 0.19 
(avg  0.11) 

292 - 415 
Slotton et al. (1997) IN CVRWQCB 
(2009) Middle Yuba River upstream of 

Kanaka Creek [one mile upstream 
of Tyler Foote crossing] 

Rainbow trout 9 
0.10 - 0.24  
(avg 0.16) 

210 - 387 

Middle Yuba River just upstream 
of Oregon Creek and Highway 49 

Rainbow Trout 3 
0.15-0.21 
(avg 0.18) 

204 - 278 
Slotton et al. (1997) IN CVRWQCB 
(2009) Sacramento 

Pikeminnow 
2 

0.56 and 
0.81 

321 - 339 

Middle Yuba River one mile 
downstream of the Highway 49 
crossing 

Sacramento 
Pikeminnow  

4 
(composite) 

0.64 ≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

South Yuba River below Lake 
Spaulding 

Brown trout 2 
0.07 and 

0.07 
 224 -249 

Slotton et al. (1997) IN CVRWQCB 
(2009) 

Rainbow trout 3 
0.06-0.11 
(avg 0.080 

180 - 228 

South Yuba River at Washington Rainbow trout 13 
0.10 - 0.30 
(avg 0.15) 

183 - 345 
Slotton et al. (1997) IN CVRWQCB 
(2009) 

  
South Yuba River just 
downstream of Edwards Crossing 

Rainbow trout 2 
0.09 and 

0.15 
182 - 270 

May et al. (2000) IN CVRWQCB 
(2009) 

South Yuba River near Bridgeport 
Smallmouth 
Bass 

3 
(composite) 

0.69 ≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

New Bullards Bar Reservoir--East 
Arm near its confluence with the 
West Arm 

Smallmouth 
Bass 

13 
0.22 - 0.68 
avg 0.39 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

New Bullards Bar Reservoir--East 
Arm near the Willow Creek inlet 

Bluegill 3 
0.12-0.39 
(avg 0.21) 

≥ 150 

Melwani et al. (2007) IN CVRWQCB 
(2009) 

Carp 11 
0.34-0.83 
(avg 0.52) 

≥ 150 

Largemouth 
Bass 

1 0.61 ≥ 150 

Smallmouth 
Bass 

10 
0.29-0.72 
(avg 0.48) 

≥ 150 

Carp 
6 

(composite) 
0.61 ≥ 150 

SWRCB (2002) IN CVRWQCB 
(2009) Smallmouth 

Bass 
5 

(composite) 
0.63 ≥ 150 

New Colgate Powerhouse Reach, 
approximately 1.3 miles upstream 
of USACE’s Englebright 
Reservoir 

Smallmouth 
Bass 

5 
0.27 - 0.56 
avg of 0.38 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

USACE’s Englebright 
Reservoir—South Yuba Arm, 
Hogsback Ravine Arm, and mid-
section. 
 

largemouth 
smallmouth and 
spotted bass 

56 0.45 (mean) 
338 

(mean) May et al. (2000) and Slotton et al. 
(1997) IN CVRWQCB (2001); 
Slotton et. al. in press IN OEHHA 
(2009) 

Bluegill and 
green sunfish 

31 0.30 (mean) 
161 

(mean) 

Rainbow trout 49 0.08 (mean) 
290 

(mean) 
Carp 1 0.88 440 

Slotton et al. (1997) 
Hardhead 1 0.47 540 
Sacramento 
sucker 

5 0.41-0.89 410-523 

Narrows 2 Powerhouse Reach, 
Lower Yuba River, approximately 
2.2 miles downstream of 
Englebright Dam 

Rainbow Trout 9 
0.07 - 0.13 
avg 0.10 

≥ 150 
Slotton et al. (1997) in CVRWQCB 
(2009) 
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Table 4.2-1.  (continued) 

Location 
Species 

Sampled 
Number of 

Fish 

Mercury, 
Total 

(ppm)1 

Total 
Length 
(mm) 

Data Source 

IN THE PROJECT AREA (continued) 
Little Deer Creek  at Pioneer 
Park, less than  one mile from the 
confluence with Deer Creek 
(tributary to Yuba River) 

Brown trout 6 
0.23 - 0.39 
avg 0.32 

≥ 150 
May et al. (2000);  SWRCB (2002) IN 
CVRWQCB (2009) 

DOWNSTREAM OF THE PROJECT AREA 

Daguerre Point Dam Reach, 
Lower Yuba River, approximately 
0.9 miles upstream of its 
confluence with the Feather River 

Rainbow Trout 1 0.02 

≥ 150 
SWRCB (2002) IN CVRWQCB 
(2009) 

Sacramento 
Pikeminnow 

1 0.46 

Sacramento 
Sucker 

2 
0.22 and 

0.38 
Smallmouth 
Bass 

4 
0.26-0.72 
(avg 0.43) 

Lower Yuba River, approximately 
3.6 miles upstream of its 
confluence with the Feather River 

Sacramento 
Pikeminnow 

2 
0.31 and 

1.43 
≥ 150 

Davis et al. (2002)  IN CVRWQCB 
(2009) Sacramento 

Sucker 
5 

(composite) 
0.39 

Rainbow Trout 3 
0.08-0.1 (avg 

0.09) 
310 (avg) 

Grenier et al. (2007) IN CVRWQCB 
(2009) 

Sacramento 
Pikeminnow 

5 
0.19-1.58 
(avg 0.84) 

≥ 150 

Sacramento 
Sucker 

3 
0.11-0.73 
(avg 0.26) 

420 (avg) 
1 All concentrations are in wet-weight. 

 
 
In the Project Area, Slotton et al. (1997) also observed notably lower invertebrate mercury 
concentrations below many of the foothill reservoirs, as compared to concentrations in similar 
biota upstream. Specifically, the invertebrates below New Bullard's Bar Dam were considerably 
lower in mercury than those collected upstream of the reservoir on the North Yuba River.  
Similarly, the invertebrates collected below the USACE’s Englebright Reservoir were 
consistently far lower in mercury than samples collected upstream of the reservoir on the Middle 
and South Yuba River.  In contrast, however, reservoir dwelling fish had higher mercury tissue 
concentrations than fish collected from Coastal Range reservoirs, near historic mercury mines.  
This would suggest that mercury in the Sierra Nevada reservoirs is in a more bioavailable form 
than mercury in the Coastal Range reservoirs (Slotton et al. 1997). 
 
Historic data demonstrates mercury concentration in fish; however, additional information 
regarding some sport fish species in the Project’s New Bullards Bar Reservoir would be useful. 
 
In 2009, 66 fish were collected and analyzed from five reservoirs upstream of or near the Project 
as part of the Federal Energy Regulatory Commission relicensing of Nevada Irrigation District’s 
Yuba-Bear Hydroelectric Project (FERC Project No. 2310) and Pacific Gas & Electric’s Drum-
Spaulding Project (FERC Project No. 2266) (NID and PG&E 2010).  In addition to mercury, 
which is discussed above, fish tissue were also analyzed for copper, selenium and silver in fish 
collected from Jackson Meadows Reservoir, Faucherie Lake, Bowman Lake, Fordyce Lake and 
Lake Spaulding. The fish species examined included rainbow trout, brown trout, kokanee, and 
Chinook salmon.  Copper was found in both fish tissue and surface water collected from the 
same reservoirs.  Selenium was found in fish tissue, but was not detected in surface water.  Silver 
was not detected in any sample, nor was it found in surface water at the low reporting limits 
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employed.  Arsenic was found in trace quantities in surface water, but was not analyzed for in 
fish tissue.  All of these metals can be found in chemical forms known to bioaccumulate, but at 
much lower rates of uptake than mercury. 
 
It would be practical to also analyze the collected samples for other metals, such as copper, 
selenium, and silver, to be consistent with upstream studies, and arsenic a bioaccumulative 
constituent of concern in the watershed. 
 

5.0 Study Methods and Analysis 
 
The sampling and analysis plan (SAP) and quality assurance project plan (QAPP) of the 
SWRCB’s Surface Water Ambient Monitoring Program’s (SWAMP) on-going statewide survey 
of contaminants in lake and reservoir sport fish will be followed (Davis et al 2007; Bonnema 
2007). 
 
5.1 Study Area 
 
The study will be conducted within:  1) the reservoir habitat of New Bullards Bar Reservoir, 2) 
the impounded stream waters behind Our House Diversion Dam, and 3) the impounded stream 
waters behind Log Cabin Diversion Dam. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
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data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
This study will include five steps: 1) sample collection, 2) laboratory analysis, 3) evaluation of 
measured methylmercury fish tissue concentrations for consistency with the screening-level 
human health protective thresholds, 4) quality assurance, and 5) report preparation.  Each of the 
steps is described below. 
 
5.3.1 Step 1 – Sample Collection 
 
Field samples will be handled in a manner consistent with the SWRCB Surface Water Ambient 
Monitoring Program (SWAMP) Bioaccumulation Oversight Group (BOG) Quality Assurance 
Project Plan (QAPP) (Bonnema 2007).  The SWAMP BOG QAPP incorporates the collection 
methods outlined in the California Environmental Protection Agency’s (Cal EPA) General 
Protocol for Sport Fish Sampling and Analysis (Cal EPA 2005) and California Department of 
Fish and Game’s (CDFG) Method #MPSL-102a (CDFG 2005) for handling of fish.  Being 
consistent with the SWAMP BOG QAPP ensures that tissue results would be consistent with 
SWAMP’s ongoing statewide fish tissue sampling campaign (Davis et al 2009; Davis et al. 
2010). 
 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Bioaccumulation RevisedProposed Study Plan AugustApril 2011 
Page 8 of 14 ©2011, Yuba County Water Agency 

OEHHA requires at least nine individual fish from a species at a water body to advise for that 
species (OEHHA 2009).   Sport fish species of edible size, as defined in Cal EPA (2005), will be 
targeted for collection (Table 5.3.1-1). Resident salmonid species (Oncorhynchus nerka and O. 
mykiss) and smallmouth bass (Micropterus dolomieu) will be the target species for New Bullards 
Bar.  Rainbow trout and brown trout (Salmo trutta) are the fish of interest in the diversion 
impoundments. 
 
Table 5.3.1-1. Target fish species, sizes and numbers by location. 

Sampling Location1 Species 
Target Number of Fish  

for Collection2  
Edible Size3  

(minimum total length) 
NORTH YUBA RIVER 

New Bullards Bar Reservoir  
Smallmouth bass 9 ≥305 millimeters 
Kokanee salmon4 9 ≥200 millimeters 
Rainbow trout4 9 ≥200 millimeters 

OREGON CREEK
Our House Diversion Dam 
Impoundment  

Rainbow trout 9 ≥200 millimeters 
Brown trout 9 ≥200 millimeters 

MIDDLE YUBA RIVER
Log Cabin Diversion Dam 
Impoundment  

Rainbow trout 9 ≥200 millimeters 
Brown trout 9 ≥200 millimeters 

1 Fish will be collected over one or two visits. 
2 OEHHA (2009) 
3 Appendix I of Cal EPA (2005) 
4 Kokanee salmon (Oncorhynchus nerka) and rainbow trout (O. mykiss), are the fish species most routinely sought by fishermen in New Bullards 

Bar. (Brady, pers. comm) 

 
 
The Marine Pollution Studies Laboratory (MPSL) of the CDFG at Moss Landing will collect the 
fish from New Bullards Bar for this study.  Fish will be collected by electroshocking, fishing line 
or gill nets over one or two visits.  For each fish collected, the following attributes will be 
recorded: species, total length or fork length in millimeters (mm), as appropriate, and weight in 
grams (g).  Electroshock, gill net and line fishing sites will be recorded using a hand-held GPS 
unit. 
 
5.3.2 Step 2 – Perform Analysis 
 
Fish tissue samples will be delivered by the MPSL-CDFG to their laboratory in Moss Landing, 
California, a California-certified analytical laboratory.  Analytical methods will be consistent 
with the SWRCB SWAMP BOG QAPP, which includes the criteria for data quality 
acceptability, testing (including deviations), calibration, and preventative and corrective 
measures (Bonnema 2007).  Individual samples will be analyzed for total mercury, which is 
assumed to be comprised primarily of methylmercury.5  Tissue will also be analyzed for arsenic, 
copper, selenium and silver.  The methods and reporting limits for mercury and the four 
additional metals in fish tissue are provided in Table 5.3.2-1. 
 
Table 5.3.2-1.  Analytical methods and reporting limits. 

Metal Analytical Method 
Reporting Limit 
(µg/g wet-weight) 

Mercury EPA 74731 0.031 
Arsenic EPA 200.8 0.30 

                                                 
5  Of the total amount of mercury found in fish muscle tissue, methyl mercury comprises more than 95 percent (ATSDR 1999; 

Bloom 1992). 
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Table 5.3.2-1.  (continued) 
Metal Analytical Method 

Reporting Limit 
(µg/g wet-weight) 

Copper EPA 200.8 0.20 
Selenium EPA 200.8 0.40 
Silver EPA 200.8 0.01 

1  EPA 7473 analyzes for mercury in solids and solutions by thermal decomposition, amalgamation and atomic absorption spectrometry (EPA 
1998) 

  µg/g = micrograms per gram or parts-per-million 

 
 
Results will be reported in wet-weight; however percent moisture will be measured and reported. 
 
5.3.3 Step 3 – Consistency with Human Health Protective Thresholds 
 
Methylmercury water quality objectives are expressed as fish tissue concentrations.6   
Consequently, results of mercury analyses will be compared to California’s threshold level for 
determining the potential impairment of a body of water based on pollutants in fish tissue (Davis 
et al. 2009).  Measured mercury tissue concentrations will be compared to the OEHHA’s current 
Advisory Tissue Level (ATL) of 0.070 ppm mercury wet-weight (Klasing and Brodberg 2008).  
The threshold from Klasing and Brodberg (2008) corresponds to a concentration at which 
OEHHA would begin to consider advising limiting consumption by children and women of 
child-bearing age to fewer than eight meals per month.  Similarly, OEHHA may recommend no 
consumption by children and women of child-bearing age when fish tissue methylmercury 
concentrations are greater than or equal to 0.44 ppm wet-weight.  By way of comparison, the 
ATL for an adult male ingesting one serving of fish per week is 0.44 ppm to 1.3 ppm wet-
weight. 
 
As agreed with the SWRCB, LicenseeYCWA will report the concentrations of arsenic, copper, 
selenium and silver in fish tissue, but for these metals will not discuss consistency with human 
health or other criteria/objectives/thresholds. 
 
5.3.4 Step 4 – Quality Assurance 
 
Field and laboratory quality assurance will be ensured by following standard protocols, 
consistent with the SWRCB SWAMP BOG QAPP (Bonnema 2007). 
 
MPSL-CDFG is a California-certified laboratory.  Analytical methods will be consistent with the 
SWRCB SWAMP BOG QAPP (Bonnema 2007), which includes the criteria for data quality 
acceptability, testing (including deviations), calibration, and preventative and corrective 
measures.  Laboratory quality assurance documentation will be attached to the report. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
                                                 
6  For example, the Federal ambient water quality criterion for mercury is 0.3 mg/kg (or ppm) methylmercury/fish tissue wet-

weight, regardless of a person’s age or meal frequency (USEPA 2001). 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Bioaccumulation RevisedProposed Study Plan AugustApril 2011 
Page 10 of 14 ©2011, Yuba County Water Agency 

study proposal, if any.  Fish tissue concentrations greater than the mercury ATL will be 
highlighted.  MPSL-DFG’s field data, laboratory report, and quality assurance information will 
be attached.  Mercury arsenic, copper, selenium and silver data will be available in Microsoft 
Excel format. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study proposal as follows assuming 
FERC’s Study Plan Determination is deemed final on September 16, 2011 and the study is not 
disputed by a mandatory conditioning agency: 
 
Collect Data (Step 1) ................................................................................. October-November 2011 
Lab Analysis (Step 2).................................................................... December 2011 – February 2012 
Consistency with Thresholds (Steps 3) .............................................................. March – April 2012 
Quality Assurance (Step 4) .................................................................................... May – June 2012 
Report Writing  ................................................................................. July – SeptemberAugust 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The  methods discussed above are consistent with the study methods followed in several other 
relicensings.  The methods presented in this study plan also are consistent with those used in 
recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates that the cost to complete this study in 2011 dollars is between 
$4080,000 and $10055,000. 
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Study 2.51 

WATER TEMPERATURE MONITORING 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect water 
temperature. 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
LicenseeYCWA believes that five agencies have jurisdiction over water quality, including water 
temperature, and the resources that could be potentially affected in the geographic area included 
in this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 5) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
LicenseeYCWA is actively collecting stream water temperature data upstream, within and 
downstream of the Project, and is also collecting reservoir water temperature data in New 
Bullards Bar Reservoir and in the United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir.  Table 5.3.1-1 lists LicenseeYCWA’s stream temperature data collection 
network and the period of record for each site as of July 2009.  Data have been collected at 
several locations in the Yuba River below USACE’s Englebright Dam since 2003; at other 
locations, data collection began in summer 2008.  Reservoir temperature data have been recorded 
twice per month by LicenseeYCWA since 1990 at a single point near the upstream face of New 
Bullards Bar Dam and at a single point near the upstream face of USACE’s Englebright Dam.  
Normally, reservoir data have been collected at 10-foot intervals, along with in situ air 
temperature. Data collected during these efforts is available in the Preliminary Information 
Package (YCWA 2009) in section 7.2.9, Existing Water Quality Information. 
 

4.0 Study Goals and Objectives 
 
The goals of this Water Temperature Monitoring Study are: 1) to characterize water temperature 
conditions in reservoirs and river reaches potentially affected by continued Project O&M; and 2) 
to facilitate development of a water temperature model or models, as may be necessary, to 
provide useful tools in the Project relicensing.   
 
The objective of the study is to collect water temperature and meteorological data adequate to 
meet the study goals. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the North Yuba River, ; 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, ; and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3  Study Methods 
 
The study will be completed in the four steps: 1) identify monitoring sites; 2) install and maintain 
recorders and download data; 3) perform quality assurance/quality control (QA/QC) of data; and 
4) prepare report.  Step 1 and Step 2 each has three components: 1) stream water temperature 
monitoring; 2) reservoir water temperature monitoring; and 3) meteorological monitoring.  Each 
step is described below. 
 
5.3.1 Step 1 - Identify Monitoring Sites 
 
The locations at stream and reservoir water temperatures and meteorological data will be 
collected are described below. 
 
5.3.1.1 Stream Water Temperature 
 
Table 5.3.1-1 below provides a list of 38 locations at which YCWA will maintain continuous 
water temperature recorders in streams.  Many of these are locations where data have been 
collected previously, to maintain continuous data records. To the extent possible, continuous 
water temperature recorders will be co-located with existing United States Geological Survey 
(USGS) or YCWA stream flow gages. 
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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Table 5.3.1-1.  Locations at which continuous water temperature data will be collected, including current data availability. 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
MIDDLE YUBA RIVER 

-- 
Upstream of Our House 

Diversion Dam Impoundment 
T10a 
T10b 

MYR 12.2 39.413015 -120.994590 3/28/09-2/7/11 -- 

Our House 
Diversion 

Dam Reach 

At Intake to Lohman Ridge 
Diversion Tunnel 

T20 MYR 12.0 39.411910 -120.997427 7/3/08-11/3/10 USGS 11408870 
(PG&E NY17) 

Downstream of Our House 
Diversion Dam 

T30 MYR 11.9 39.410661 -120.998604 10/24/08-11/3/10 USGS 11408880 
(PG&E NY18) 

Oregon 
Creek Reach 

Upstream of North Yuba River 
T90a 
T90b 

MYR 0.0 39.368639 -121.135658 
8/19/08-12/18/08, 3/28/09-

3/7/11 
-- 

OREGON CREEK 

-- 
Upstream of Log Cabin 

Diversion Dam Impoundment 
T40 OC 4.3 39.440146 -121.056149 7/8/08-11/2/10 USGS 11409300 

(PG&E NY19) 

Log Cabin 
Diversion 

Dam Reach 

At Intake to Camptonville 
Diversion Tunnel 

T50 OC 4.1 39.440491 -121.058746 7/8/08-11/3/10 USGS 11409350 
(PG&E NY30) 

Downstream of Log Cabin 
Diversion Dam 

T60 OC 4.0 39.439455 -121.059264 8/30/08-11/3/10 USGS 11409400 
(PG&E NY20) 

Upstream of confluence with  
Middle Yuba River 

TBC  OC 0.1 TBD TBD 
To Be Installed Upon Study 

Proposal Approval 
-- 

NORTH YUBA RIVER 

-- Upstream of New Bullards Bar Reservoir 
T65a 
T65b 

NYR 16.0  39.523728 -121.090972 1/1/08-8/11/10 -- 

New 
Bullards Bar 
Dam Reach 

At Low Flow Releases 
from New Bullards Bar Dam 

T70a 
T70b 

NYR 2.3 39.392348 -121.141584 7/18/08-11/3/10 
USGS 11413517 
(PG&E NY23) 

Upstream of Middle Yuba River 
T80a 
T80b 

NYR 0.0 39.368694 -121.136793 
8/19/08-12/18/08, 3/28/09-

11/9/10 
-- 

SOUTH YUBA RIVER 

-- 
At Jones Bar 

(data collected on 1-hr interval, rather than every 15 
min)  

Jones Bar a 
Jones Bar b 
Jones Bar c 

SYR 6.2 39.292222 -121.103610 5/16/08 – 11/3/10 
USGS 11417500 
(PG&E NY29) 

DOBBINS CREEK 

-- At Lake Francis Outlet2 
T140a 
T140b 

DC 2.4 39.359171 -121.205168 4/2/09-11/9/10 -- 

-- Upstream of Yuba River 
T145a 
T145b 

DC 0.1 39.329735 -121.197641 4/2/09-11/9/10 -- 

DRY CREEK 

-- Upstream of Yuba River 
T185a 
T185b 

DryC 0.7 39.228930 -121.402270 4/1/09-2/14/10 -- 

DEER CREEK 

-- Upstream of Yuba River 
T175a 
T175b 

DeerC 0.9 39.224091 -121.269866 2/3/09-11/3/10 -- 
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Table 5.3.1-1.  (continued) 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
YUBA RIVER 

Middle/ 
North Yuba 
River Reach 

Downstream of Confluence of North Yuba River and 
Middle Yuba River 

T100a 
T100b 

YR 39.7 39.367839 -121.136655 
8/19/08-12/18/08, 3/28/09-

11/9/10 
-- 

Upstream of New Colgate Powerhouse 
T110a 
T110b 

YR 34.1 39.330602 -121.187675 
8/19/08-12/18/08, 3/28/09-

3/8/11 
-- 

New 
Colgate 

Powerhouse 
Reach 

In Colgate Powerhouse Penstock T120 YR 33.9 39.330824 -121.191565 1/1/08-3/31/11 -- 

Downstream of New Colgate Powerhouse 
T130a 
T130b 

YR 33.8 39.330260 -121.193169 
8/19/08-12/18/08, 3/28/09-

3/8/11 
-- 

Downstream of 
Dobbins Creek 

T150a 
T150b 

YR 33.6 39.328398 -121.196162 3/28/09-11/9/10 -- 

In Narrows #2 Powerhouse Penstock 
T160a 
T160b 

YR 23.9 39.238911 -121.270034 5/5/09-3/31/11 (PG&E NY24) 

Downstream of Narrows #2 Powerhouse at Smartville T170 YR 23.6 39.235799 -121.272688 4/15/09-2/14/11 
USGS 11419000 
(PG&E NY28) 

Downstream of Narrows #2 Powerhouse at Smartville  
(data collected on 1-hr interval, rather than every 15 

min) 

Smartville a 
Smartville b 
Smartville c 

YR 23.6 39.235799 -121.272688 WY2003 - 2007 
USGS 11419000 
(PG&E NY28) 

Downstream of 
Deer Creek 

T180a 
T180b 

YR 22.7 39.230047 -121.285165 11/8/08-2/14/11 -- 

Downstream of 
Dry Creek 

T190a 
T190b 

YR 13.3 39.219611 -121.415128 11/8/08-3/9/09 -- 

At Parks Bar 
(data collected on 1-hr interval, rather than every 15 

min) 

Parks Bar a 
Parks Bar b 
Parks Bar c 

YR 17.4 39.219612 -121.346980 6/14/04 – 10/25/10 -- 

At Long Bar 
(data collected on 1-hr interval, rather than every 15 

min) 

Longs Bar a 
Longs Bar b 
Longs Bar c 

YR 16.0 39.218503 -121.369961 4/8/04 – 12/9/10 -- 

Upstream of  
USACE’s Daguerre Point Dam 

T200a 
Y200b 

YR 11.5 39.208009 -121.443116 11/8/08-2/15/11 -- 

USACE’s 
Daguerre 

Point Dam 
Reach 

 

At USACE’s Daguerre Point Dam 
Fish Ladder 

T210a 
T210b 

YR 11.4 39.207853 -121.443529 11/18/08-11/14/10 -- 

At USACE’s Daguerre Point Dam 
Fish Ladder 

(data collected on 1-hr interval, rather than every 15 
min) 

Daguerre a 
Daguerre b 
Daguerre c  

YR 11.4 39.208009 -121.443116 WY2003 – 2007 -- 

At Walnut Avenue (Near Western Extent of Yuba 
Goldfields) 

T220a 
T220b 

YR 8.1 39.188220 -121.495307 8/28/08-2/7/11 -- 

At Marysville Gage  
(data collected on 1-hr interval, rather than every 15 

min) 

Marysville a 
Marysville b 
Marysville c 

YR 6.0  39.176164 -121.524386 
WY2003 – 2007, 1/1/08 – 

4/1/11 
USGS 11421000 

Upstream of Simpson Lane (Between Yuba Goldfields 
and Marysville) 

T230a 
T230b 

YR 4.8 39.165328 -121.541350 8/28/08-2/7/11 -- 

At Marysville 
(Downstream of Highway 70 Bridge 

T240a 
T240b 

YR 0.7 39.134510 -121.590720 8/21/08-3/2/11 -- 
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Table 5.3.1-1.  (continued) 
Project 
Reach 

Location 
Designation for 

Recorders1 
River 
Mile 

Latitude Longitude 
Data Available (as of 

1/10/11) 
Streamflow Gage, 

if Co-Located3 
FEATHER RIVER 

-- Upstream of Yuba River 
T250a 
T250b 

-- 39.139425 -121.607282 8/15/08-3/2/11 -- 

-- Downstream of Yuba River on Right Bank 
T260a 
T260b 

-- 39.108603 -121.603149 8/15/08-3/2/11 -- 

-- Downstream of Yuba River on Left Bank 
T270a 
T270b

-- 39.108594 -121.604663 8/19/08-3/2/11 -- 
1   YCWA has installed redundant water temperature recorders at all locations except locations that are co-located with secure USGS stream flow gages or secure penstock sites. 
2   Water temperature data collected only when Lake Francis releases water. 
3   Co-located means that a flow gage may be in the vicinity of the water temperature recorder, but possibly not at the exact location. 
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5.3.1.2 Reservoir Water Temperature 
 
Table 5.3.1-2 provides a list of locations at reservoir profiling will occur. 
 
Table 5.3.1-2.  Reservoir profile locations by reservoir.  Profiles taken about every 2 weeks from 
March through November, unless otherwise stated. 

Reservoir Location 
Designation 

for Site 
River 
Mile 

Latitude Longitude Period of Record 

NORTH YUBA RIVER 

New 
Bullards Bar 

Reservoir 

Approximately 100-200 feet 
upstream of center point of 

main dam 
NY2.T455 NYR 2.3 39.397148 -121.135863 

About Every 2 Weeks 
from March through 

November  
from 08/25/89 to 5/2010 

YUBA RIVER 
USACE’s 

Englebright 
Reservoir 

Approximately 100-200 feet 
upstream of center point of 

main dam 
NY14.T455 YR 24.0 39.240959 -121.268811 

About Every 2 weeks from 
March through November  
from 01/24/90 to 5/2010 

USACE’s 
Englebright 
Reservoir 

Approximately 3.3miles  
upstream of center point of 

main dam 
-- YR 27.2 39.276111 -121.259497 

About Every 2 weeks from 
March through November 

1990 to present 

 
 
5.3.1.3 Meteorological Data 
 
Table 5.4.1-3 identifies locations where YCWA or another party has installed and maintains a 
meteorological station in the immediate vicinity of the Project. 
 
Table 5.3.1-3.  Metrological stations by Project facility. 

Project 
Facility 

Location 
Designation 

for Site 
Elevation1 Latitude Longitude Parameter 

Date 
Installed 

MIDDLE YUBA RIVER 

Our House 
Diversion 

Dam 

On Right 
Abutment of 

Dam 
OHD2 1,960 ft 39.4120°N 120.9964°W 

Min, Max and 
Mean Daily Air 

Temp2 
12/19/06 to Present 

Precipitation2 12/19/06 to Present 
NORTH YUBA RIVER 

New Bullards 
Bar 

Reservoir 

On north bank 
about 0.25 ft 
Upstream of 

Dam 

BUD3 2,100 ft 39.3963°N 121.1439°W 

Min, Max and 
Mean Daily Air 

Temp3 
11/16/09 to Present 

Humidity3 11/16/09 to Present
Wind Speed and 

Direction3 
11/16/09 to Present

Solar Radiation3 11/16/09 to Present
Precipitation3 11/16/09 to Present

YUBA RIVER 

New Colgate 
Powerhouse 

On Deck of 
Powerhouse 

CGT4 600 ft 39.3308°N 121.1900°W 

Min, Max and 
Mean Daily Air 

Temp4 
10/1/05 to Present 

Precipitation4 11/14/05 to Present 
1   National Geodetic Vertical Datum of 1928. 
2  These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “OHD” (Our House Dam). 
3 These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “BUD” (Bullards Bar). 
4 These data are available on the California Data Exchange Center (CDEC) under the Station ID name of “CGT” (Colgate Powerhouse). 
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5.3.2 Step 2 – Install and Maintain Recorders and Download Data 
 
Methods that will be used to install and maintain recorders, and collect data are described below.  
In general, anecdotal information that will be collected during each field visit to collect water 
temperature data will include: 1) general description of the weather; 2) start and end time of data 
collection; 3) air temperature at the start and end time of data collection; 4) maximum water 
depth where the observation is recorded; and 5) additional general comments regarding the data 
collection process.  In addition, during initial installation of each recorder, YCWA will prepare a 
narrative description of each site, including the specific locations of recorders, and has taken 
photographs of each location. 
 
At this time, LicenseeYCWA intends to remove all water temperature recorders above 
Englebright Reservoir in late October 2012.  Prior to removing the recorders, License will 
consult with Relicensing Participants regarding the need to maintain any gages for the purpose of 
water temperature modeling (See the Water Temperature Modeling Study).   
 
5.3.2.1 Stream Water Temperature 
 
Continuous water temperature will be recorded every 15 minutes at the 33 sites listed in Table 
5.4-1: 22 are located within the active streams; 9 of these are co-located and are installed within 
USGS steam flow gaging structures; and two are located in powerhouse penstocks.  In addition, 
YCWA will collect continuous water temperature on one-hour intervals at five locations, two of 
which are co-located with a USGS gage. 
 
Water Temperature Recorders in the Active Channel 
 
The stream water temperature recorders in the active flow channel will have 12-bit resolution 
with a minimum accuracy of +/- 0.2o C (i.e., Onset or equivalent).  Each stream recorder will be 
contained in a durable protective housing that permits the active flow of water in and around the 
unit.  Each stream recorder will be secured by a cable to a stable root mass, tree trunk or man-
made structure, or secured using embedded rebar where necessary such that the recorder will be 
secured in the channel during high flow periods.  The stream recorders will be installed in the 
channel thalweg, and the housing and cable will be disguised as much as possible while ensuring 
the ability to retrieve the unit for future downloads.  A GPS coordinate will be taken and 
recorded at each installation point, along with any waypoints that may prove valuable for future 
retrieval, especially where there is not a defined trail leading to the access point.  Photographs of 
the recorder site, including installation configuration, will be taken.  Each recorder will be set to 
record water temperature at 15 minute intervals.  LicenseeYCWA will visit each recorder and 
download data at least monthly. 
 
Prior to installation, each recorder will be numbered and calibrated to manufacturer’s 
recommended specifications.  LicenseeYCWA will install a redundant water temperature 
recorder at each site.  Redundant recorders will be located as close as possible to the primary 
recorders.  Where a redundant recorder occurs, the primary recorder will be labeled with the 
recorder number for the site (e.g., “T100”) with the suffix “a” and the redundant recorder with 
the number for the site with the suffix “b”.  Data from both recorders will be downloaded during 
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each scheduled visit.  Data from higher elevation recorders subject to being snowbound or 
inaccessible due to high spring flows or requiring difficult access will be downloaded as soon as 
possible each spring and again prior to winter storms. 
 
During each visit, LicenseeYCWA will download data into an optic shuttle or directly to a 
personal computer.  Immediately after the data are safely downloaded, back-ups will be recorded 
on compact disc (CD) or other suitable medium.  Only after the raw water temperature data are 
safely backed-up will the optic shuttle be cleared or the data manipulated. 
 
Prior to each download of data, a National Institute of Standards and Technology (NIST) 
traceable digital thermometer will be used to determine the water temperature at the recorder.  
The water temperature reading from the NIST-traceable thermometer will be compared to the 
last logger reading to check for accuracy drift of the recorder. 
 
In addition, during each site visit, YCWA will be prepared to replace or fix a recorder 
installation.  Should a recorder need to be replaced because it is missing or has failed, YCWA 
will be able to do so immediately to reduce the potential for additional data loss.  Any recorder 
or optic shuttle that fails to download will be returned to the manufacturer for possible data 
recovery. 
 
During each visit besides downloading data from the recorder, YCWA will also check equipment 
operation/calibration, battery life, and calibrate the instrument to manufacturer’s specifications.  
After the recorder is removed from the water, it will be cleaned and visually inspected. 
 
YCWA will maintain a record of all recorder installations and data downloads for a comparison 
between the NIST-traceable thermometer and recorder water temperature readings, and a record 
of any problems that were encountered in the field. 
 
Water Temperature Recorders in Stream Margins 
 
After the first Special-Status Amphibians – Foothill Yellow-Legged Frog (FYLF) Study (Study 
3.4) survey effort (e.g., for egg masses), LicenseeYCWA will install three to four continuous 
water temperature recorders at each of up to four locations upstream of Englebright Reservoir.  
LicenseeYCWA and Relicensing Participants will collaboratively agree on each specific location 
and the siting of the specific recorders, with a goal that each location is: 1) in the margin of the 
stream channel (e.g., edge of runs, pool tailouts, and backwater pools/eddies at the top or bottom 
of lateral and median cobble bars); 2) in potential or known occupied FYLF habitats; and 3) if 
possible, near an existing water temperature recorder (Table 5.3.1-1).  If possible, the recorders 
will also be located where a Channel Morphology Study (Study 1.1) cross-section is located. 
 
The recorders will be installed in series at each location with one recorder near the water’s edge 
(shallow) one in somewhat deeper (mid depth), and one in deeper water (deep).  LicenseeYCWA 
will install a pressure transducer at the deep water recorder.  It is the intent that at least the 
shallow and mid depth recorder are in locations that represent FYLF egg laying habitat.  
LicenseeYCWA will establish a benchmark at water’s edge when the recorders are first installed, 
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and the location and depth of each recorder in relation to the benchmark and water’s edge will be 
recorded.  The target depth of the shallow recorder is 12 to 44 cm.  
 
The recorders will be maintained as described above for Water Temperature Recorders in the 
Active Channel. 
 
Water Temperature Recorders at USGS Streamflow Gage Sites 
 
As shown in Table 5.4-1, YCWA will maintain 11 continuous water temperature recorders at 
USGS stream flow gaging sites.  Data will be collected hourly by means of a Waterlog H-350 
XL Instrument.  Gages will be maintained by YCWA through a contractor.  Data is stored in a 
data logger and downloaded monthly. 
 
Water Temperature Recorders in Powerhouse Penstocks 
 
YCWA will maintain two continuous water temperature recorders in powerhouse penstocks: one 
at the New Colgate Powerhouse and one at the Narrows 2 Powerhouse.  Hourly temperature data 
will be collected by means of Honeywell Truline device, which trends the data on a chart-
recorder and also transmits the data to the YCWA’s Supervisory Control and Data Acquisition 
(SCADA) system. 
 
5.3.2.2 Reservoir Water Temperature 
 
Reservoir profiles will be taken at New Bullards Bar and USACE’s Englebright reservoir at a 
target frequency of about every 2 weeks year round.  Sampling will occur at one location near 
the dam in New Bullards Bar and in Englebright Reservoir, at one location near the dam and one 
location approximately 3.3 miles upstream of the dam.  A GPS receiver will be used during each 
successive sampling occasion to locate the geographical coordinates of each sample site.  Care 
will be taken to identify the same site for successive profiles where water conditions and GPS 
accuracy allow.   
 
Prior to mid 2010, YCWA measured reservoir water temperature by use of a Fluke 50S K/J 
thermometer.  The device was lowered in 10-ft intervals, allowed to stabilize, and then a 
recording was made.   The maximum depth sampled in New Bullards Bar Rservoir was 300 ft or 
the bottom, whichever was less, and the maximum depth sampled in USACE’s Englebright 
Reservoir was 100 ft or the bottom, whichever was less. 
 
Beginning in mid 2010, LicenseeYCWA will use a Hydrolab® DataSonde 5® multi-parameter 
water quality monitoring system (or equivalent) to measure water temperature (±0.2° C) and 
dissolved oxygen (±0.2 milligrams per liter (mg/l) at each of the reservoir sampling sites).  
Dissolved oxygen (DO) will be calibrated at each reservoir following the manufacturer’s 
calibration protocols.  Generally, measurements will be taken at 10-foot vertical increments 
where the change in temperature with respect to depth is low.  Where the temperature gradient is 
higher or where measuring an interflow or an underflow, 5-foot or smaller vertical increments 
will be used.  At each sample depth, the parameter readings will be allowed to stabilize before 
water temperature and DO will be recorded on the data sheet.  When possible, profiling will 
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occur up to a depth of about 300 feet or the bottom, whichever is less, in New Bullards Bar 
Reservoir, and 120 feet or the bottom, whichever is less, in USACE’s Engelbright Reservoir. 
 
Also beginning in mid 2010, LicenseeYCWA will collect with each reservoir water temperature 
profile a Secchi disk depth reading as an indicator of water clarity and photic zone.  Secchi depth 
readings will be taken by lowering a Secchi disc over the shaded side of the boat until the disc is 
no longer visible from the boat.  The disk will then be raised until visible, at which location the 
depth of the disc will be recorded in tenths of a foot, and the average of the two readings will be 
used as the water clarity reading for that location. 
 
5.3.2.3 Meteorological Data 
 
The stations at Our House Diversion Dam, New Colgate Powerhouse and New Bullards Bar 
Dam are operated and maintained by the California Department of Water Resources (CDWR) 
with data collected by satellite.  Hourly data is available on the CDEC website under OHD (Our 
House Dam), CGT (Colgate Powerhouse), and BUD (New Bullards Bar Dam).   
 
5.3.3 Step 3 – Perform QA/QC Review of Data 
 
Following data collection, YCWA will subject all data to a quality assurance/quality control 
(QA/QC) procedures including, but not limited to: 1) checking field data sheets (e.g., comparison 
of NIST-traceable thermometers and recorder readings) to be sure no corrections are needed; and 
2) spot-checking data, ; and 3) reviewing recorder readings and electronic data for completeness.  
The datasets will also be reviewed graphically to check for errors.  If any datum seems 
inconsistent during the QA/QC procedure, YCWA will investigate the problem.  Values that are 
determined to be anomalous will be removed from the database if the reason for the reading 
cannot be identified. 
 
If data are unavailable for brief periods of the record, the missing data will be synthesized into 
the record using a straight line interpolation method, and the data will be indicated as 
“synthesized” in the record and all subsequent summaries. 
 
The raw data files will be retained in their unaltered state for future QA/QC reference.  And data 
modified in the final record will be so indicated in the record. 
 
5.3.4 Step 4 – Prepare Report 
 
At the conclusion of the study, YCWA will prepare a report that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  The report will include, in Microsoft 
Excel and DSD format, on compact disc (CD) all data in mean daily increments except for 
reservoir profile data that will be in instantaneous readings.  The final report will also include 
plots of stream water temperature showing mean daily water temperatures over time with mean 
daily stream flow at a site nearby the monitoring site, if available.  Plots of water temperature 
and DO reservoir profiles will also be included in the report.  
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6.0 Study-Specific Consultation 
 
This study includes one study-specific consultation. 
 
 Prior to removing all water temperature recorders above Englebright Reservoir in late 

October 2012, License YCWA will consult with Relicensing Participants regarding the need 
to maintain any gages for the purpose of water temperature modeling (See the Water 
Temperature Modeling Study). (Step 2). 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Identify Sites and Install Recorders (Steps 1 & 2)  ...................................................... October 2011 
Maintain Recorders and Download Data (Step 2) ................. November 2011 - Late October 2012 
Data QA/QC (Step 3) ......................................................................... November & December 2012 
Prepare Report (Step 4) .............................................................................January & February 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methodologies described above for water temperature monitoring, reservoir profiling, and 
meteorological data collection are typical of recent relicensings in California.   
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $150,000 
and $200,000. 
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Study 2.6 

WATER TEMPERATURE MODEL 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect water 
temperature. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to Be Studied 

 
LicenseeYCWA believes that five agencies have jurisdiction over water quality, including water 
temperature, and the resources that could be potentially affected in the geographic area included 
in this study proposal:  1) the United States Department of Agriculture, Forest Service (Forest 
Service) on National Forest System (NFS) land; 2) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 3) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 4) California 
Department of Fish and Game (CDFG); and 5) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PADPAD (YCWA 
2010).  The Forest Service’s jurisdiction and management goals are not repeated here. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to develop a water temperature model that could be used by all 
Relicensing Participants during relicensing to simulate current and potential future water 
temperature conditions. 
 
The objective of the study is to develop a water temperature model that all interested Relicensing 
Participants agree is reasonably reliable for the purposes of Relicensing, and also agree to use 
this single water temperature model to make Relicensing recommendations.  The model should 
accomplish the following: 
 
 Simulate reservoir and stream water temperatures resulting from Project O&M.; 

 Include both Project and non-Project reservoirs and stream reaches below the Project for a 
period of analysis that covers the range of normal variations in hydrology of the Yuba River.; 

 Accurately reproduce observed reservoir and stream water temperatures, within acceptable 
calibration standards over a range of hydrologic conditions.; 

 Be sensitive to both flow and meteorological conditions. 
 
Development of protection, mitigation, and enhancement (PM&E) measures is not part of this 
study. 
 

4.0 Existing Information and Need for Additional 
Information 

 
LicenseeYCWA believes adequate information exists to develop a water temperature model that 
meets the above study goal.  Available water temperature data are described in detail in Section 
7.2.9 of the Preliminary Information Package (YCWA 2009), and as described in 
LicenseeYCWA’s Water Temperature Monitoring Study, LicenseeYCWA proposes to continued 
collection of water temperature data through Calendar Year 2013.   
 
Previous modeling efforts have resulted in several different modeling approaches, as described 
below: 
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 In 1991, a water temperature model, the Yuba River Temperature Model (YRTM) (YCWA 

1992), was developed by YCWA in response to California Department of Fish and Game 
(DFG) proposed flow requirements on the lower Yuba River.  This model consisted of the 
following: 

 
 A CE-QUAL-R1 1-dimensional model of New Bullards Bar Reservoir. 
 A series of linear regressions to simulate water temperatures in the Colgate Penstock as a 

function of water temperature from New Bullards Bar Reservoir, flow through the 
penstock, and Marysville air temperature. 

 A series of linear regressions to simulate water temperatures in Englebright Reservoir as 
functions of Colgate Penstock temperatures, flows through the Colgate penstock, and 
Marysville air temperatures. 

 A HEC-5Q 1-dimensional model of the lower Yuba River. 
 
This model operated on a daily basis, and was calibrated for water years 1974, 1976, and 
1977, and a portion of June 1991.  The model was verified by simulating water temperatures 
in 1975 and 1978. 
 
While the regression coefficients for the Colgate Penstock and Englebright Reservoir 
components and the HEC-5Q model for the lower Yuba River are available, the CE-QUAL-
R1 model of New Bullards Bar Reservoir is not available. 
 

 In 2001, a water temperature model of the lower Yuba River was developed by YCWA to 
support testimony before the California State Water Resources Control Board (SWRCB) 
(YCWA 2001).  This water temperature model consisted of three linear regressions for the 
following: 

 Narrows 2 Powerhouse temperatures as a function of Colgate Powerhouse release 
temperature and Marysville air temperature. 

 Yuba River flow temperature at the Marysville gage as a function of Narrows 2 
Powerhouse release temperature, Yuba River flow at Marysville, and Marysville air 
temperature. 

 Yuba River flow temperature at Daguerre Point Dam as a function of Marysville flow 
temperature, Yuba River flow at Marysville, and Marysville air temperature. 

 
The model relied on historical average monthly release temperatures from Colgate 
Powerhouse rather than simulating New Bullards Bar Reservoir water temperatures.  The 
model operated on a monthly basis, and the regressions were computed based on historical 
water temperatures from 1989 through 2001. 
 

 In 2006, an expanded regression-based water temperature model was developed by YCWA 
to support the Yuba River Accord Environmental Impact Report/Environmental Impact 
Statement (EIR/EIS) (YCWA 2007). This water temperature model included regressions for 
the following: 
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 Colgate Powerhouse release temperature as a function of month and New Bullards Bar 
Reservoir storage. 

 Narrows 2 Powerhouse release temperature as a function of Colgate Powerhouse release 
temperature, inflow to Englebright Reservoir, and Marysville air temperature. 

 Daguerre Point Dam flow temperature as a function of Narrows 2 Powerhouse release 
temperature, Yuba River flow at Smartville, and Marysville air temperature. 

 Marysville flow temperature as a function of Narrows 2 Powerhouse release temperature, 
Yuba River flow at Smartville, Yuba River flow at Marysville, and Marysville air 
temperature. 

 
These regressions were developed using historical data from 2000 through 2006, and were 
validated against historical data from 1990 through 2000.  The model operated on a monthly 
time step. 
 

None of these models, as currently developed, adequately addresses the range of operations and 
geography required as part of Relicensing.  Therefore, a new water temperature model is needed 
for Relicensing. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, ; 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, ; and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to the 
Feather River, including the United States .S. Army Corps of Engineers’ (USACE) Englebright 
Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded, if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods2 
 
The study will consist of six steps, each of which is described below. 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
2  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 
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5.3.1 Step 1 - — Select Modeling Platform 
 
The first step will be to select a modeling platform based on its adequacy in meeting specific 
criteria.  After meeting with the Relicensing Participants to discuss specific issues to be 
addressed through results from the water temperature model, LicenseeYCWA will develop a 
matrix of required model attributes, including a relative weight for each capability and a 
mechanism for scoring the model’s ability to meet the criteria.  After identifying a range of 
modeling platforms previously used in other FERC relicensing processes or other similar studies, 
LicenseeYCWA will evaluate each platform based on its capabilities relative to the selection 
criteria.  The model platform best meeting those criteria will be selected for use in modeling 
water temperature related to the Project.   
 
During this step, LicenseeYCWA will meet with Relicensing Participants about progress on the 
following issues: 
 
 Water temperature model output requirements 

 Model selection criteria definition 

 Potential model platform list 

 Potential model scoring against criteria 

 Ultimate model platform selection 

 
The water temperature model must reasonably simulate water temperatures of the stream reaches 
affected by the Project using hydrology from the water balance/operations model and 
meteorological data.  The model platform must accomplish the following: 

 Produce results such that Relicensing Participants agree on the validity of the results; 

 Simulate water temperatures on at least a 6-houran appropriate time step to capture diurnal 
fluctuations biologically-appropriate of water temperature variabilitys; 

 Simulate water temperatures over the full range of hydrology and meteorology of the Project- 
affected streams. 

 
5.3.2 Step 2 - — Develop and Calibrate the Model 
 
After selecting a modeling platform, LicenseeYCWA will develop and calibrate the water 
temperature model so that inputs, assumptions, operations, and calibration are consistent with 
operations and factors governing water temperature in Project reservoirs and the Yuba River.   
 
The model will include representations of the North Yuba River between Goodyears Bar and 
New Bullards Bar Reservoir, New Bullards Bar Reservoir, Our House Diversion Dam, Log 
Cabin Diversion Dam, the Middle Yuba River below Our House Diversion Dam, Oregon Creek 
below Log Cabin Diversion Dam, Englebright Reservoir, and the Yuba River,.  The model will 
operate the longest times step possible to capture biologically-important variabilityon at least a 6 
hour time step to capture diurnal fluctuations in water temperatures. 
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The North Yuba River between Goodyears Bar and the upper extent of New Bullards Bar 
Reservoir will be simulated as a longitudinally segmented river, and will incorporate inflows 
from Slate and Canyon creeks. 
 
New Bullards Bar Reservoir will be simulated as a single-dimensional vertically segmented 
profile located near the New Colgate Powerhouse intake tower.  This will allow the water 
temperature model to capture the variability of release water temperature associated with 
changing water levels.  Hydrologic and water temperature inputs to New Bullards Bar Reservoir 
will include the Camptonville Tunnel and North Yuba River.  Releases from the reservoir will be 
made through either the New Colgate Powerhouse, the Fish Release Hydro, or from the spillway.  
The model will incorporate the ability to represent operation of the existing New Bullards Bar 
Dam outlet shutter system and the ability to selectively release through both powerhouse outlet 
tunnels.  The reservoir water temperature model for New Bullards Bar Reservoir will be 
calibrated for the water temperature profile at the New Colgate Powerhouse Intake. 
 
Since neither Our House nor Log Cabin diversion dams on the Middle Yuba River and Oregon 
Creek, respectively, are deep or large enough to develop vertical temperature stratification, they 
will be treated as diversion points, directing flows into the Lohman Ridge and Camptonville 
tunnels, respectively.  Water temperatures in the tunnels and in the Middle Yuba River and 
Oregon Creek will be simulated as longitudinally stratified rivers to their downstream extents.  
Simulated water temperatures for the two reaches will be calibrated for water temperatures 
upstream from the Middle Yuba River confluence with the North Yuba River. 
 
The Yuba River between New Bullards Bar Dam and the upstream extent of Englebright 
Reservoir will similarly be simulated as a longitudinally stratified river.  In addition to inflows 
from New Bullards Bar Reservoir and the Middle Yuba River, releases from the New Colgate 
Powerhouse will be the primary water temperature input for this reach. 
 
To capture travel time for water temperatures across Englebright Reservoir, the reservoir may be 
simulated as either a two-dimensional, vertically and longitudinally stratified reservoir, or as a 
one-dimensional, vertically stratified reservoir with an inflow-dependant lag-time capturing 
travel time for flows across the reservoir.  In either case, the model will be calibrated to compute 
the water temperature profile at the Narrows 2 Powerhouse intake.  In addition to inflow from 
the Yuba River, the South Yuba River will be included as an input to Englebright Reservoir.  
The reservoir water temperature model for Englebright Reservoir will be calibrated for the water 
temperature profile at the Narrows 2 Powerhouse Intake.  The Narrows 1 and Narrows 2 
powerhouses will be included as outlets; the outflow temperatures from these two powerhouses 
will be calibrated at the U.S. Geologic Survey’s (USGS) Smartville3 gage. 
 
The lower Yuba River below Englebright Reservoir will be simulated as a longitudinally 
stratified river, with inputs from Deer Creek and Dry Creek in addition to releases from 

                                                 
3  In 2008, the people of this community petitioned to have the name changed to Smartsville, with an “s”.  However, the USGS 

gage refers to the former spelling of the community name.  Therefore, in this document, the community is referred to as such. 
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Englebright Reservoir, and diversions at Daguerre Point Dam.  The lower Yuba River water 
temperature model will be calibrated to compute water temperatures at the USGS Marysville 
gage. 
 
Available meteorological data, including air temperature, atmospheric pressure, humidity, 
precipitation, solar radiation, and wind speed, and physical parameters such as reservoir area-
storage relationships, river channel geometry, and water turbidity, will be used for water 
temperature model calibration.  Accretions at multiple locations throughout the study area will be 
included to preserve mass balance throughout the system.  Model calibration will use available 
historical hydrology corresponding to the period of record for meteorological data.  A portion of 
the historical data set will be set aside for model validation. 
 
In addition to previously described output, the model will provide output for the locations listed 
in Table 5.3.2-1. 
 
Table 5.3.2-1.  Water temperature model output locations. 

Node 
(River Mile) 

Location 
Hydrologic Reach or Data Source  

(as listed in Water Balance/Operations Model Study Plan) 
MIDDLE YUBA RIVER- 

OUR HOUSE DIVERSION DAM REACH1 

-- 
Inflow into Our House 

Diversion Dam Impoundment 
Input Time seriesSeries 

-- Lohman Ridge Tunnel Intake Lohman Ridge Tunnel Intake 

11.9 
Our House Diversion Dam Release to Middle Yuba 

River 
Total Flow Downstream from 

Our House Diversion Dam 

4.6 
Middle Yuba River Upstream from Oregon Creek 

Confluence 
Middle Yuba River Upstream from Oregon Creek Confluence 

4.6 
Middle Yuba River Downstream from Oregon Creek 

Confluence 
Middle Yuba River Downstream from Oregon Creek Confluence 

0.0 
Middle Yuba River Upstream from 

North Yuba River Confluence 
Middle Yuba River Upstream from 

North Yuba River Confluence 
OREGON CREEK- 

LOG CABIN DIVERSION DAM REACH2 

-- 
Upstream Inflow into Log Cabin 

Diversion Dam Impoundment 
Input Time Sseries 

-- Camptonville Tunnel Intake Camptonville Tunnel Intake 

4.1 Log Cabin Diversion Dam Release to Oregon Creek 
Total Flow Downstream from 

Log Cabin Diversion Dam 

0.0 
Oregon Creek Upstream from 

Middle Yuba River Confluence 
Oregon Creek Upstream from 

Middle Yuba River Confluence 
NORTH YUBA RIVER 

NEW BULLARDS BAR DAM REACH3

-- Upstream Inflow into New Bullards Bar Reservoir Input Time Sseries 

-- 
New Bullards Bar Reservoir Profile at the New 

Colgate Powerhouse Intake  
Reservoir Simulation 

-- Colgate Powerhouse   Colgate Powerhouse 

2.4 
New Bullards Bar Dam 

Instream Release  
(Fish Flow Powerhouse) 

New Bullards Bar Dam 
Instream Release  

(Fish Flow Powerhouse) 
2.4 New Bullards Bar Dam Spill New Bullards Bar Dam Spill 

2.4 
Total Flow Downstream from 

New Bullards Bar Dam 
North Yuba River Upstream from 
Middle Yuba River Confluence 

0.0 
North Yuba River Upstream from 
Middle Yuba River Confluence 

North Yuba River Upstream from 
Middle Yuba River Confluence 

YUBA RIVER- 
NORTH/MIDDLE YUBA REACH4

39.5 
Yuba River at North and Middle Yuba River 

Confluence 
Yuba River at North and Middle Yuba River Confluence 

34.0 
Yuba River to  

New Colgate Powerhouse 
Yuba River to  

New Colgate Powerhouse 
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Table 5.3.2-1.  (continued) 

Node 
(River Mile) 

Location 
Hydrologic Reach or Data Source  

(as listed in Water Balance/Operations Model Study Plan) 
YUBA RIVER- 

NEW COLGATE POWERHOUSE REACH5

34.0 
Yuba River Downstream from 

New Colgate Powerhouse 
Yuba River Downstream from 

New Colgate Powerhouse 

33.6 Yuba River Downstream from Dobbins Creek 
Yuba River Downstream from 

New Colgate Powerhouse 

32.8 
Inflow into Englebright Reservoir from Middle Yuba 

River 
Yuba River Downstream from 

New Colgate Powerhouse 
YUBA RIVER- 

ENGLEBRIGHT DAM REACH6

-- 
Inflow into Englebright Reservoir from South Yuba 

River 
Input Time Sseries 

-- Englebright Reservoir Profile at Narrows 2 Intake Reservoir Simulation 
24.0 Englebright Dam Spill Englebright Dam Spill 
23.9 Narrows Powerhouse 2 Release Narrows Powerhouse 2 Release 
23.8 Narrows Powerhouse 1 Release Narrows Powerhouse 1 Release 
23.6 Yuba River Near Smartville Yuba River Near Smartville 
23.0 Yuba River Upstream from Deer Creek Yuba River Near Smartville 
23.0 Deer Creek Inflow Input Time Sseries 

23.0 
Yuba River Downstream 

from Deer Creek Confluence 
Yuba River Upstream from Dry Creek 

17.4 Yuba River at Parks Bar Yuba River Upstream from Dry Creek 
16.0 Yuba River at Longs Bar Yuba River Upstream from Dry Creek 
13.3 Yuba River Upstream from Dry Creek Yuba River Upstream from Dry Creek 
13.3 Dry Creek Inflow Input Time Sseries 

13.3 
Yuba River Downstream 

from Dry Creek 
Yuba River Downstream 

of Dry Creek 

12.4 
Yuba River Upstream from Browns Valley Irrigation 

District’s John L. Nelson Fish Screen Facility 
Yuba River Downstream 

of Dry Creek 

12.4 John L. Nelson Fish Screen Facility 
Yuba River Downstream 

from Dry Creek 

12.4 
Yuba River Downstream from Browns Valley 

Irrigation District’s John L. Nelson Fish Screen 
Facility 

Yuba River Downstream 
from Dry Creek 

Table 5.3.2-1.  (continueYUBA RIVER- 
DAGUERRE POINT DAM REACH7 

11.4 Yuba River Upstream from Daguerre Point Dam 
Yuba River Downstream 

of Dry Creek 
11.4 At Daguerre Point Dam Yuba River below Daguerre Point Dam 
11.4 North Canal Diversions Daguerre Point Dam Diversions 
11.4 South Canal Diversions Daguerre Point Dam Diversions 
11.4 Yuba River below Daguerre Point Dam Yuba River below Daguerre Point Dam 

8.1 
Yuba River at Walnut Ave 

(Near Western Extent of Goldfields) 
Yuba River below Daguerre Point Dam 

6.0 Yuba River near Marysville  Yuba River near Marysville 

4.8 
Yuba River at Simpson Lane 

(Between Goldfields and Marysville) 
Yuba River near Marysville 

0.7 Yuba River at Marysville Yuba River near Marysville 
0.0 Yuba River Upstream from Feather River Yuba River near Marysville 

1 Our House Diversion Dam Reach - Middle Yuba River from Our House Diversion Dam to immediately upstream from the confluence with the 
North Yuba River. 

2 Log Cabin Diversion Dam Reach - Oregon Creek from Log Cabin Diversion Dam to immediately upstream from the confluence with the 
Middle Yuba River. 

3 New Bullards Bar Dam Reach - North Yuba River from New Bullards Bar Dam to immediately upstream from the confluence with the Middle 
Yuba River. 

4 North and Middle Yuba Rivers Confluence Reach - Yuba River from the confluence of the North Yuba River and the Middle Yuba River to 
upstream from Colgate Powerhouse. 

5 Colgate Powerhouse Reach - Yuba River from the Colgate Powerhouse to the normal maximum water surface elevation of Englebright 
Reservoir. 

6 Englebright Dam Reach - Yuba River from and including Englebright Reservoir to Daguerre Point Diversion Dam. 
7 Daguerre Point Diversion Dam Reach - Yuba River from the Daguerre Point Diversion Dam to the Feather River. 
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5.3.3 Step 3 - —DDevelop Input Data Set   
 
Concurrent with calibration of the model, LicenseeYCWA will develop both a meteorological 
and an input-water-temperature data set.  Hydrologic input data are expected to come from 
LicenseeYCWA’s Water Balance/Operations Model. 
 
A complete set of meteorological data corresponding to the full hydrologic period of record is 
unavailable. Therefore, available full- period- of- record historical meteorology, including air 
temperature and precipitation, may be used, along with available short- period- of- record 
meteorological data, to attempt to statistically synthesize a full period of record of hourly or 6-
hour meteorological input data, if it is determined that the full period of record is needed to 
represent the water temperature regime of the Yuba River.  If it is not possible to synthesize a 
full period of record input data set, available data from a reduced period of record will be used. 
 
Daily input water temperatures will be determined for the North Yuba River, Slate Creek, the 
South Yuba River, and Oregon, Deer, and Dry creeks.  To capture hourly variability in the 
Middle Yuba River below Our House Dam resulting from Project operations, hourly input water 
temperatures will be determined for the Middle Yuba River.  Since limited historical water 
temperature data are available for study area tributaries for the full period of record, it will be 
necessary to synthesize input water temperatures.  These input water temperatures will be 
synthesized by identifying statistical relationships between available historical water temperature 
data and meteorology and hydrology.  Since flow from accretions is typically very small relative 
to the aforementioned tributaries, accretion water temperatures will only incorporate seasonal 
variation in water temperature rather than daily values for the full period of record.  While New 
Bullards Bar and Englebright reservoirs are expected to partially buffer uncertainties in input 
water temperatures, a reasonable attempt to capture the full range of conditions will be made. 
 
Upstream from the Project, the Nevada Irrigation District (NID) is undergoing a FERC 
Relicensing of its Yuba-Bear Project (FERC 2266), the Pacific Gas and Electric Company 
(PG&E) is undergoing a FERC Relicensing of its Drum-Spaulding Project (FERC 2310), and 
South Feather Water and Power (SFWP) is undergoing a FERC Relicensing of its South Feather 
Power Project (FERC 2088).  Proposed alternative operating criteria for each of these projects 
has the potential to affect inflow water temperatures to the Project from the respective streams.  
To address these potential changes in inflow water temperature, LicenseeYCWA will compare 
the proposed alternative against the basis of comparison for each of the upstream projects to 
compute the change in water temperature resulting from the proposed alternative.  Changes in 
upstream Project water temperatures will be applied to respective Project tributaries’ inflow 
water temperatures to compute an alternative Project inflow water temperature.  If differing 
periods of records make it impossible to compute a full period of record of alternative Project 
inflow water temperatures, the longest period of record available will be used to evaluate 
changes in upstream project operations using sensitivity studies to characterize changes resulting 
from upstream project alternatives on Project inflow water temperatures. 
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5.3.4 Step 4 - —Validate the Model 
 
Model validation will occur as three tasks.  In the first task, LicenseeYCWA will evaluate the 
model by comparing model output to the historical record.  Significant differences between 
historical conditions and model runs will be examined, and the causes identified and 
documented.  Where substantial differences cannot be explained, the model will be recalibrated.  
Key validation points will be at the following locations: 
 
 Vertical profile in New Bullards Bar Reservoir at New Colgate Powerhouse intake 

 Vertical profile in Englebright Reservoir at Narrows 2 Powerhouse intake 

 River temperature in the Middle Yuba River upstream from its confluence with the North 
Yuba River 

 River temperature at USGS Smartville gage (immediately below Narrows 1 and 2 
powerhouses) 

 River temperature at USGS Marysville gage 
 
In the second task, LicenseeYCWA will meet with interested Relicensing Participants to review 
the model. This will include a meeting to generally introduce the Relicensing Participants to the 
model.  At that meeting, Relicensing Participants will be given a compact disc (CD) with the 
model, a Model Development Report that describes model inputs and logic and general 
information on running the model, and the LicenseeYCWA’s Draft Model Validation Report.  
After a reasonable time for review, LicenseeYCWA will hold a series of workshops with 
interested Relicensing Participants to collaboratively review the model and make modifications, 
as appropriate. 
 
In the last task, LicenseeYCWA will finalize the model, and the Model Development and 
Validation reports, and provide these to Relicensing Participants. 
 
5.3.5 Step 5 - —Develop Base Case 
 
The base case for the water temperature model will simulate reservoir and stream temperature for 
the same reservoir operations, releases, and diversions as simulated in the LicenseeYCWA’s 
Water Balance/Operations Model base case.  LicenseeYCWA will configure the model to 
represent how LicenseeYCWA currently operates the Project, including all physical, regulatory, 
and contractual constraints.  The underlying assumption is that this base case represents the “No-
Action Alternative.”  A full description of the base case setting will be prepared and distributed 
as part of the final report.  LicenseeYCWA intends that all subsequent model runs be compared 
to the base case run. 
 
5.3.6 Step 6 -– Prepare Model and Model Development and Validation Report 
 
In the last step, LicenseeYCWA will finalize the model, and the Model Development and 
Validation reports, including a report describing development and rationale for the base case, and 
provide these to Relicensing Participants along with the model (on CD) configured to the base 
case. 
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Making runs of the model once the model has been fully calibrated and validated is not part of 
this study. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 

 YCWA will brief work with Relicensing Participants about progress towards the 
followingduring the following stages of model development: 1) model selection criteria 
definition; 2) potential model platform list; 3) potential model scoring against criteria; and 4) 
ultimate model platform selection.  (Step 1.) 

 YCWA will meet with interested Relicensing Participants (a technical work team) to review 
calibration of the model moving into model reporting and validation. This will include a 
meeting to generally introduce the Relicensing Participants to the model and provide 
Relicensing Participants with the model on CD. YCWA will hold a series of workshops with 
interested Relicensing Participants to collaboratively review the model and make 
modifications, as appropriate. (Step 2) 

 LicenseeYCWA will meet with interested Relicensing Participants to review the model 
results and discuss any suggested changes to the Model Development Report and the Model 
Validation Report..  This will include a meeting to generally introduce the Relicensing 
Participants to the model and providing Relicensing Participants with the model on CD, a 
Model Development Report, and a Model Validation Report.  After a reasonable time for 
review, Licensee will hold a series of workshops with interested Relicensing Participants to 
collaboratively review the model and make modifications, as appropriate. (Step 4.) 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 

 
Select Model Platform (Step 1) ....................................................... October 2011 - December 2011 
Calibrate Model (Step 2) ................................................................... December 2011 - March 2012 
Develop Input Data Set (Step 3) ....................................................... December 2011 - March 2012 
Validate Model (Step 4) ..................................................................................... March - April 2012 
Develop Base Case (Step 5) ....................................................................................May - June 2012 
Prepare Model and Reports (Step 6) ................................................. July - SeptemberAugust  2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The model platform used in support of the Project Relicensing will be selected from a list of 
model platforms used in other Relicensing processes.  Model development, including calibration, 
verification, and model application will be conducted in accordance with generally accepted 
scientific practices.   

 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $300,000 and 
$350,000. 
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Study 3.1 

AQUATIC MACROINVERTEBRATES 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
aquatic macroinvertebrates (BMI), which are considered a Forest Sensitive Species (FSS) by the 
United States Department of Agriculture Forest Service (Forest Service), upstream of the United 
States Army Corps of Engineer’s (USACE) Englebright Dam. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
Licensee believes that four agencies have jurisdiction over aquatic macroinvertebrates and the 
resources that could be potentially affected in the geographic area covered in this study proposal:  
1) the United States Department of Agriculture, Forest Service (Forest Service) on National 
Forest System (NFS) land; 2) United States Department of Interior, Fish and Wildlife Service 
(USFWS); 3) California Department of Fish and Game (CDFG); and 4) State Water Resources 
Control Board Division of Water Rights (SWRCB).  Each of these agencies and their 
jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application DocumentAD (YCWA 2010).  The 
Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Some sampling for BMI occurred in stream reaches potentially affected by the Project as 
recently as 2007.  The South Yuba River Citizens League (SYRCL) collected three samples in 
the Middle Yuba River upstream of the Oregon Creek confluence (2004-2006) using the 
California Stream Bioassessment Protocol.  They collected an average of 37 taxa with a 
tolerance value of 5.15 over this period (SYRCL 2007). 
 
Additional data is needed to address potential Project effects on BMI. 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to characterize BMI assemblages within Project-affected reaches 
upstream of Englebright Reservoir using the Surface Water Ambient Monitoring Program 
(SWAMP) protocol.  
 
The objective of the study is to collect aquatic macroinvertebrate and physical data to meet the 
study goals. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, and 4) and the 
portion of the Yuba River from the confluence of the North and Middle Yuba rivers to 
Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition.  Sampling below Englebright Reservoir is not 
part of this study plan.  
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods consist of the following four steps: 1) select sampling sites; 2) collect 
SWAMP data; 3) analyze SWAMP data; 4) QA/QC SWAMP data; and 5) prepare report.  Each 
of these is discussed below 
 
YCWALicensees will obtain all necessary permits prior to performing fieldwork.  
 
5.3.1 Step 1 – Select Sampling Sites 
 
YCWALicensee will collect BMI data at seven sites and an eighth 7 site,s assuming a suitable 
site can be found and data can be collected safely at the eighth site.  The sites are , which are 
generally located upstream and downstream of major Project facilities.  The general locations, 
from upstream to downstream on each reach, are: 
 
 Middle Yuba River 

 Within 0.5 mile downstream of Our House Diversion Dam 

 Immediately upstream of Oregon Creek 

 Immediately upstream of confluence with North Yuba River  

 Oregon Creek 

 Within 0.5 mile downstream of Log Cabin Diversion Dam 

 Immediately upstream of confluence with Middle Yuba River 

 North Yuba River 

 Within 0.5 mile downstream of New Bullards Bar Dam 

 Immediately upstream of confluence with North Yuba River 
 

 Yuba River 

 Within 0.5 mile downstream of New Colgate Powerhouse (assuming a suitable site can 
be found and sampling can be performed safely) 
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To the extent possible, the sites will be co-located with other relicensing study sites, such as for 
fish sampling upstream of the USACE’s Englebright Reservoir and, as a second priority, with 
locations where BMI samples have been historically collected. 
 
YCWALicensee will select the sites, and then invite interested and available Relicensing 
Participants into the field to comment on selected sites. 
 
5.3.2 Step 2 – Collect SWAMP Data 
 
5.3.2.1 Data Collection 
 
Sampling methods will conform to the standard targeted riffle composite (TRC) methods for 
documenting and describing BMI assemblages and physical habitat described by the SWRCB’s 
SWAMP in February 2007.  Each study site will be wadeable and about 250 meters (m) in 
length.  Before sampling begins, the number of riffle habitat units contained in the site will be 
visually estimated.  A total of eight samples will be taken from a targeted riffle habitat within the 
site to form a single composite riffle sample.  More than one kick sample per riffle may be 
collected.  However, if there are fewer than eight distinct riffles in the site, sampling points will 
be spread throughout the site as much as possible.  If there are more than eight riffles in the site, 
one or more riffle units will be skipped at random.  When possible, each riffle will have a “core 
area” defined, avoiding edges along channel margins and the upstream or downstream edges of 
the riffle.  The core area of each riffle will be divided into nine equal quadrants in a three by 
three grid.  One quadrant will be randomly selected for a kick sample.  If more than one sample 
must be collected from a particular riffle, a second quadrant will be randomly chosen and 
sampled.  Samples will be taken moving upstream from the most downstream riffle unit to 
minimize instream disturbance.. 
 
Samples will be collected by rubbing cobble and boulder substrates and disturbing finer substrate 
upstream of a D-frame kicknet fitted with a 0.02-inch (in.) diameter mesh net.  Each of the eight 
subsamples collected to form the composite riffle sample will cover one square foot of the 
stream bottom.  A one square foot grid will be used when taking samples to ensure consistency 
of sample area.  The subsamples will be combined in a jar, preserved with 95 percent ethanol, 
and labeled to form a single composite sample for that study site. 
 
Physical habitat and water quality will be characterized at each site.  The habitat scoring criteria 
outlined by the SWAMP provides an effective measure of the physical integrity of a stream.  
Prior to implementation, field crews will calibrate their visual measurements on a test stream.  
The following list of quantitative measures of chemical and physical/habitat characteristics will 
be collected at each site: 
 
 Reach-wide Parameters 

 GPS coordinates 

 Water temperature, specific conductance, pH, and dissolved oxygen using approved 
standardized procedures and instruments 

 Total length and gradient (percent slope) and average width and depth 
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 Transect-specific Parameters 

 The wetted width of each riffle will be taken at a minimum of three cross-sectional 
transects and averaged. 

 Water velocity (using a topset rod and flowmeter) will be measured at each of the eight 
sample points. 

 Substrate composition will be visually estimated at each sample point (area disturbed in 
front of the net) using the following categories: fines (<0.25 cm), gravel (0.25 to 0.8 cm), 
cobble (0.8 to 25 cm), boulder (>25 cm), and bedrock. 

 A pebble count will also be conducted along a single transect established from each 
sample point.  This parameter will be measured by randomly choosing 10 points along 
the transect, reaching down to the point at the end of a wooden dowel or tip of the boot, 
and measuring the width of the particle along the intermediate axis.  “Pebble count” in 
this context is in reference to the sample approach first described by Wolman (1954) and 
adapted for use (including reduced sample size) in the SWAMP protocol.  It does not 
refer to a specific size class of sediment. 

 Substrate consolidation and percent embeddedness will also be characterized while 
conducting the pebble count.  Estimates will be obtained while collecting the BMI sample 
by noting whether the substrate is lightly, moderately, or heavily surrounded by fine 
sediment. 

 Average canopy cover will be estimated at each riffle sampled using a densiometer four 
times from the center of habitat unit. 

 If field or analytical methods deviate from SWAMP protocols, reasons for the deviation 
and alternate methods will be explained and documented. 

 
Each composite sample will be rinsed in a standard no. 35 sieve (0.5 mm) and transferred to a 
tray with twenty, 4 inch square grids for subsampling.  Subsampling will be performed using a 
stereomicroscope with magnifications of 10 to 20 times magnification. 
 
Subsamples will be transferred from randomly selected grids to Petri dishes where the aquatic 
macroinvertebrates will be removed indiscriminately with the aid of a stereomicroscope and 
placed in vials containing 70 percent ethanol and 2 percent glycerol.  In cases where aquatic 
macroinvertebrates abundance exceeds 100 organisms per grid, half grids will be delineated to 
assure that a minimum of three discreet areas within the tray of benthic material will be 
subsampled.  At least 500 aquatic macroinvertebrates will be subsampled from a minimum of 
five grids, or five half grids. 
 
The debris from the processed grids will be placed in a remnant jar and preserved in 70 percent 
ethanol for later quality control testing.  Subsampled aquatic macroinvertebrates will be 
identified by a taxonomist approved by the California Department of fish and Game (CDFG) for 
U.S. Environmental Protection Agency (USEPA) evaluations using standard aquatic 
macroinvertebrate identification keys (e.g., Kathman and Brinkhurst 1998, Merritt and Cummins 
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1996, Stewart and Stark 1993, Thorp and Covich 2001, Wiggins 1996) and other appropriate 
references.   
 
All organisms retained on a 0.5-mm screen will be removed from the subsample and a standard 
level one taxonomic effort will be used as specified in the Southwestern Association of 
Freshwater Invertebrate Taxonomists (SAFIT) in 2006.  Historical datasets that may have been 
identified using a different method, such as CAMLnet (CDFG 2003) or to a different taxonomic 
level will be standardized to the SAFIT level one before calculating metrics or running statistical 
analyses. 
 
Finally, the CDFG Aquatic Bioassessment Laboratory (ABL) will be contracted to perform an 
external QC review of the sample identification.  Fifteen to twenty percent of the samples 
collected will be randomly selected for QC by the taxonomist and sent to the CDFG ABL. 
 
5.3.3 Step 3 - Data Analysis 
 
Analytical methods will conform to the standard methods describing BMI assemblages and 
physical habitat outlined by SWAMP.  Standard biological metrics, plus additional relevant 
metrics, will be calculated for each site (Table 5.3.3-1) and presented in graphical or tabular 
form. 
 
Table 5.3.3-1.  Biological metrics calculated to assess BMI assemblages 

BMI Metrics Description 
Predicted Response 

to Impairment 
 RICHNESS MEASURES  

Taxonomic Richness Total number of individual taxa Decrease 

No. EPT Taxa 
Number of taxa in the insect orders Ephemeroptera, Plecoptera, and 
Trichoptera 

Decrease 

Ephemeroptera Taxa Number of mayfly taxa Decrease 

Plecoptera Taxa Number of stonefly taxa Decrease 

Trichoptera Taxa Number of caddisfly taxa Decrease 

Coleoptera Taxa Number of beetle taxa Decrease 

COMPOSITION MEASURES 

% EPT Percent of the composite of mayfly, stonefly, and caddisfly larvae Decrease 

% Ephemeroptera Percent of mayfly nymphs Decrease 

Shannon Diversity Index General measure of sample diversity that incorporates richness and evenness Decrease 

TOLERANCE/INTOLERANCE MEASURES 

California Tolerance Value (CTV) 
CTVs between 0 and 10 weighed for abundance of individuals designated as 
pollution tolerant (higher values) and intolerant (lower values) 

Increase 

No. of Intolerant taxa Taxa richness of those organisms considered to be sensitive to perturbation Decrease 

% Tolerant Organisms 
Percent of macrobenthos considered to be tolerant of various types of 
perturbation 

Increase 

% Dominant Taxon 
Measures the dominance of the single most abundant taxon. Can be 
calculated as dominant 2, 3, 4, or 5 taxa 

Increase 

 FEEDING MEASURES  

% CF+CG Individuals 
Percentage of BMIs within the collector-filterer and collector gatherer 
functional feeding groups 

Increase 

% Scrapers Percent of macroinvertebrates that graze upon periphyton Variable 

% Non-gastropoda Scrapers  
Percentage of BMIs within the scraper functional feeding group excluding 
gastropod scrapers 

Decrease 

% Predators Percent of macroinvertebrates that prey on living organisms Decrease 

% Shredders Percent of macroinvertebrates that shred leaf litter Decrease 
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5.3.4  Step 4 – Analyze SWAMP Data 
 
Aquatic macroinvertebrates will be identified to Southwest Association of Freshwater 
Invertebrate Taxonomists (SAFIT) level 2 (Richards and Rogers 2006), and metrics outlined in 
Rehn et al. (2007) will be calculated.  Metrics will be used to formulate the Hydropower IBI 
described by Rehn (2009). 
 
5.3.5 Step 5 – Prepare Format and Quality Assurance/Quality Control SWAMP 

Data 
 
Following data collection and identification of taxa, YCWALicensee will subject all data to 
quality assurance/quality control (QA/QC) procedures including, but not limited to, spot-checks 
of data and review of electronic data for completeness.  If any datum seems inconsistent, 
YCWALicensee will investigate the problem.  Data QA/QC will include the CDFG ABL review 
described above. 
 
5.3.6 Step 6 – Prepare Report 
 
YCWALicensees will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Discussion; and 4) Description of Variances from the 
FERC-approved study proposal, if any.  In addition, the report will compare the data collected 
with any historic data that are available. 
 

6.0 Study Proposal Consultation 
 
This study proposal includes one study-specific agency consultation: 
 
 YCWA will select sampling sites, and then invite interested and available Relicensing 

Participants into the field to comment on selected sites Licensees will invite interested and 
available Relicensing Participants into the field to comment on selected sampling sites(Step 
1). 

 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select Sampling Sites (Step 1) .......................................................................................... May 2012 
Collect Data (Step 2) .......................................................................................................... July 2012 
Analyze Data (Step 3) ................................................................................................... August 2012 
QA/QC (Step 4) .......................................................................................... September August 2012 
Prepare Report (Step 5) .............................................................................. October September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the methods used in other FERC hydroelectric relicensing efforts in 
California where BMI are an issue. 
 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this study in 2011 dollars is between $1325,000 
and $1875,000. 
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Study 3.2 

AQUATIC MACROINVERTEBRATES DOWNSTREAM 
OF ENGELBRIGHT RESERVOIR 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
aquatic macroinvertebrates (BMI). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that four agencies have jurisdiction over aquatic macroinvertebrates 
and the resources that could be potentially affected in the geographic area included in this study 
proposal:  1) the United States Department of Interior, Fish and Wildlife Service (USFWS); 2) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or  (PAD (YCWA 2010)).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
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operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Sampling for BMI occurred in stream reaches potentially affected by the Project as recently as 
2007.  The South Yuba River Citizens League (SYRCL) collected samples at Parks Bar on the 
lower Yuba River (2006-2007) using the California Stream Bioassessment Protocol.  Samples 
were always taken in September.  Low diversity was observed at Parks Bar, located below 
Englebright Dam.  Low diversity may have been the result of bias associated with using a 
protocol for wadeable streams in a large unwadeable river. 
 
Additional data is needed to address the identified issue. 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to characterize BMI assemblages within Project-affected reaches below 
Englebright Dam.  The objective of the study is to collect aquatic macroinvertebrate and physical 
data to meet the study goals. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
Sampling above Englebright Dam is addressed in a separate study plan, therefore the current 
plan only addresses habitat below the Dam to the confluence with the Feather River.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  
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 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods consist of the following four steps: 1) select sampling sites; 2) collect 
macroinvertebrate and habitat data; 3) data analysis; 4) QA/QC data; and 5) prepare report.  Each 
of these is discussed below. 
 
 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available. 
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YCWALicensees will obtain all necessary permits prior to performing fieldwork. 
 
5.3.1  Step 1 – Select Sampling Sites 
 
YCWALicensee will collect BMI data at six6 sites, which are proportionally spaced between 
Englebright Dam and the Feather River.  The general locations, from upstream to downstream on 
each reach, are: 
 
 Downstream of Narrows 2 Powerhouse and above Deer Creek 

 Near UC Field Station (Timbuctoo Bend) 

 Parks Bar to Long Bar Area 

 Main channel at Hammon Bar (Upstream of USACE’s Daguerre Point Dam) 

 Downstream of USACE’s Daguerre Point Dam 

 Near Hallwood Boulevard 
 
YCWALicensee will select the sites, and then invite interested and available Relicensing 
Participants into the field to comment on selected sites. 
 
5.3.2  Step 2 – Collect Data 
 
Generally, the Surface Water Ambient Monitoring Program (SWAMP) is used as the standard 
methodology for aquatic macroinvertebrate assessments in California.  However, this method is 
designed for wadeable streams and is not adapted for unwadeable riverine habitat being sampled 
in this effort.  The United States Environmental Projection Agency (USEPA) has developed a 
method to accommodate unwadeable habitat called the Environmental Monitoring and 
Assessment Program (EMAP) – Surface Waters (Lazorchak et al. 2000).  A hybrid to this 
method is the Large River Bioassessment Protocol (LR-BP).  Like the EMAP – Surface Waters, 
the LR-BP uses transect and main channel sampling and can be applied in a systematic, unbiased 
manner for bioassessment.  The LR-BP is a combination of semi-quantitative multi-habitat 
sampling methods applied in a systematic randomized fashion that has been studied for its 
performance characteristics and variability and was designed to be standardized, quantitative, 
and user friendly (Flotemersch et al. 2006).  It incorporates proportional multi-habitat sampling 
and, therefore, should accurately reflect site condition.  This method was shown to be responsive 
to a gradient of disturbance and can be used on a variety of large rivers (Flotemersch et al. 2006).  
Methods utilized in the collection of aquatic macroinvertebrates and sampling of habitat 
parameters in this study were derived from the two protocols.   
 
5.3.2.1  Reach Setup 
 
Reach length will be 500 meters (m) as used in the LR-BP.  This length has been shown to 
provide representative samples and is manageable for investigators due to the entire reach 
usually being observable from a single point (Flotemersch et al. 2006).  The beginning sample 
point will be located at the upstream end of the reach and will be randomly selected within a 
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designated site and marked by GPS coordinates.  At each site, there will be a total of six 
transects.  Transect A will be located at the upstream end of the reach with the remaining five 
transects (B – F) at 100 m, 200 m, 300 m, 400 m, and 500 m.  At each transect, a 20-m sample 
zone (i.e., 10 m on each side of transect) on the chosen bank defines where macroinvertebrates 
will be collected.  The bank to be sampled will be determined by coin toss at the start of the day 
and all remaining transects will be sampled from that bank unless safety concerns or physical 
attributes (i.e., steep cuttbank cut-bank or obstructions) prohibit sampling.  In the instance that a 
designated bank cannot be sampled, the alternate bank will be sampled.  If a selected bank for a 
reach is deemed not to be representative of both banks (i.e., shallow, sunny, unchanging aspect) 
then sampling of left and right banks will be alternated between transects.  The zone to be 
sampled extends 10 m into the channel from the waters edge but will not exceed a depth of 1 m.   
 
5.3.2.2  Macroinvertebrate Collection 
 
Twelve sweeps, each 0.5 m in length, will be collected within the sample zone using a D-frame 
net (500-μm mesh).  Each sweep will cover 0.15 m2

 of substrate (i.e., net width of 0.3 m and a 
0.5 m length of pass); therefore, 12 sweeps will cover an area of 1.8 m2.  The 12 sweeps will be 
proportionately allocated based on available habitat within the 20 m sample zone (e.g., snags, 
macrophytes and cobble).  This method negates the need for separate collection nets in the field 
and helps standardize the area sampled.  If water at a site is more than 1 m deep at the water’s 
edge, the 12 sweeps will be collected from a boat, if possible.  Samples from each transect will 
be composited into a single sample for the entire reach.  Samples will be preserved with 95 
percent ethanol, and labeled to form a single composite sample for that study site.  This results in 
each sample containing debris and organisms from 6 separate zones (total of ~12 m2) that 
represent the 500-m reach. 
 
5.3.2.3  Physical Habitat Characterization and Water Quality 
 
On the day of sampling, water quality measurements will be collected once with a handheld 
water quality meter (i.e., Hydrolab or YSI) and will include temperature, conductivity, and 
dissolved oxygen. 
   
Physical habitat will be characterized over the length of the reach and at each transect.  Habitat 
parameters to be collected are outlined in the following list:  
 
 Reach-wide parameters to be collected every 10 m between transects following the thalweg 

of the stream: 

 Thalweg depth.  

 Classify habitat type (pool, glide, riffle, rapid, cascade, falls, or dry), record presence of 
backwater and off-channel habitats. 

 
 Determine dominant substrate visually or using a sounding rod. 

 
 Transect parameters collected at each of the six transects: 
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 GPS coordinates of the transect. 

 Photos from each transect looking upstream and downstream 

 Gradient (clinometer) from one transect to the next. 

 Bearing (compass) from one transect to the next. 

 Wetted width (laser range finder). 

 Mid channel bar width, if present.  

 Bankfull width and height (estimate). 

 Incision height (estimate). 

 Bank Angle (estimate). 

 Riparian canopy cover (densitometer) in four directions from the waters edge 1 ft above 
the water surface. 

 Shoreline substrate in the first 1 m above the waterline (estimate dominant and 
subdominant size class). 

 Estimate diameter, height, species, and distance from water’s edge of largest visible 
riparian tree. 

 
 Transect parameters to be collected within plot that extends 10 m streamward from the 

water’s edge and 10 m upstream and downstream of each transect: 

 At five systematically spaced locations within the plot measure depth and classify 
dominant and subdominant substrate size class.  

 Tally large woody debris material (LWDLWM) in plot and in bankfull channel by size 
and length class. 

 Aerial cover class of fish concealment features, including: filamentous algae, aquatic 
macrophytes, LWD, overhanging vegetation, undercut banks, boulders, artificial 
structures. 

 
 Transect parameters to be collected within plot that extends 10 m landward from the bankfull 

margin and 10 m upstream and downstream of each transect: 

 Estimate aerial cover class and type of riparian vegetation in canopy, mid-layer, and 
ground cover. 

 Observe and record human activities and disturbances and their proximity to the channel. 
 
5.3.2.4  Macroinvertebrate Sorting 
 
Each composite sample will be rinsed in a standard no. 35 sieve (0.5 mm) and transferred to a 
tray with twenty, 4-inch-square grids for subsampling, which will be performed using a 
stereomicroscope with magnifications of 10 to 20 times magnification. 
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Subsamples will be transferred from randomly selected grids to Petri dishes where the aquatic 
macroinvertebrates will be removed indiscriminately with the aid of a stereomicroscope and 
placed in vials containing 70 percent ethanol and 2 percent glycerol.  In cases where aquatic 
macroinvertebrates abundance exceeds 100 organisms per grid, half grids will be delineated to 
assure that a minimum of three discreet areas within the tray of benthic material will be 
subsampled.  At least 500 aquatic macroinvertebrates will be subsampled from a minimum of 
five grids, or five half grids. 
 
The debris from the processed grids will be placed in a remnant jar and preserved in 70 percent 
ethanol for later quality control testing.  Subsampled aquatic macroinvertebrates will be 
identified by a taxonomist approved by the California Department of Fish and Game (CDFG) for 
USEPA evaluations using standard aquatic macroinvertebrate identification keys (e.g., Kathman 
and Brinkhurst 1998, Merritt and Cummins 1996, Stewart and Stark 1993, Thorp and Covich 
2001, Wiggins 1996) and other appropriate references.   
 
All organisms retained on a 0.5-mm screen will be removed from the subsample and a standard 
level one taxonomic effort will be used as specified in the Southwestern Association of 
Freshwater Invertebrate Taxonomists (SAFIT) (SAFIT 2006).  Historical datasets that may have 
been identified using a different method, such as CAMLnet (CDFG 2003) or to a different 
taxonomic level will be standardized to the SAFIT level one 1 before calculating metrics or 
running statistical analyses. 
 
Finally, the CDFG Aquatic Bioassessment Laboratory (ABL) will be contracted to perform an 
external QC review of the sample identification.  Twenty percent of the samples collected will be 
randomly selected for QC by the taxonomist and sent to the CDFG ABL. 
 
5.3.3  Step 3 - Data Analysis 
 
Standard biological metrics, plus additional relevant metrics, will be calculated for each site 
(Table 5.3.3-1) and presented in graphical or tabular form. 
 
Table 5.3.3-1.  Biological metrics calculated to assess BMI assemblages 

BMI Metrics Description 
Predicted Response 

to Impairment 
RICHNESS MEASURES 

Taxonomic Richness Total number of individual taxa Decrease 

No. EPT Taxa 
Number of taxa in the insect orders Ephemeroptera, Plecoptera, and 
Trichoptera 

Decrease 

Ephemeroptera Taxa Number of mayfly taxa Decrease 

Plecoptera Taxa Number of stonefly taxa Decrease 

Trichoptera Taxa Number of caddisfly taxa Decrease 

Coleoptera Taxa Number of beetle taxa Decrease 

COMPOSITION MEASURES 

% EPT Percent of the composite of mayfly, stonefly, and caddisfly larvae Decrease 

% Ephemeroptera Percent of mayfly nymphs Decrease 

Shannon Diversity Index General measure of sample diversity that incorporates richness and evenness Decrease 

TOLERANCE/INTOLERANCE MEASURES 

California Tolerance Value (CTV) 
CTVs between 0 and 10 weighted for abundance of individuals designated 
as pollution tolerant (higher values) and intolerant (lower values) 

Increase 

No. of Intolerant taxa Taxa richness of those organisms considered to be sensitive to perturbation Decrease 
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% Tolerant Organisms 
Percent of macrobenthos considered to be tolerant of various types of 
perturbation 

Increase 

% Dominant Taxon 
Measures the dominance of the single most abundant taxon. Can be 
calculated as dominant 2, 3, 4, or 5 taxa 

Increase 

Table 5.3.3-1.  (continued) 
BMI Metrics Description 

Predicted Response 
to Impairment 

Table 5.3.3-1.  (continued) 
BMI Metrics Description 

Predicted Response 
to Impairment 

FEEDING MEASURES 

% CF+CG Individuals 
Percentage of BMIs within the collector-filterer and collector gatherer 
functional feeding groups 

Increase 

% Scrapers Percent of macroinvertebrates that graze upon periphyton Variable 

% Non-gastropoda Scrapers  
Percentage of BMIs within the scraper functional feeding group excluding 
gastropod scrapers 

Decrease 

% Predators Percent of macroinvertebrates that prey on living organisms Decrease 

% Shredders Percent of macroinvertebrates that shred leaf litter Decrease 

 
 
5.3.5 Step 4 – Prepare Format and Quality Assurance/Quality Control Data 
 
Following data collection and identification of taxa, YCWALicensee will subject all data to 
quality assurance/quality control (QA/QC) procedures including, but not limited to, spot-checks 
of data and review of electronic data for completeness.  If any datum seems inconsistent, 
YCWALicensee will investigate the problem.  Data QA/QC will include the CDFG ABL review 
described above. 
 
5.3.6  Step 5 – Prepare Report 
 
YCWALicensees will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Discussion; and 4) Description of Variances from the 
FERC-approved study proposal, if any.  In addition, the report will compare the data collected 
with any historic data that are available. 
 

6.0 Study -Specific  Proposal Consultation 
 
The study includes the following study-specific consultation: 
This study proposal includes one study-specific agency consultation: 
 
 YCWA will select sampling sites, and then invite interested and available Relicensing 

Participants into the field to comment on selected sites (Step 1). 
 Licensees will invite interested and available Relicensing Participants into the field to 

comment on selected sampling sites. 
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7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Select Sampling Sites (Step 1) .......................................................................................... May 2012 
Collect Data (Step 2) ...................................................................................August-September 2012 
Analyze Data (Step 3) ................................................................................. September August 2012 
QA/QC (Step 4) .............................................................................................. October August 2012 
Prepare Report (Step 5) .......................................................................... November September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the methods used for the assessment of BMI in unwadeable riverine 
habitat being sampled in this effort.  
 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this study in 2011 dollars is between $125,000 
and $175,000.  
 

10.0  References Cited 
 
California Department of Fish and Game (CDFG).  2003.  CAMLnet List of California 

Macroinvertebrate Taxa and Standard Taxonomic Effort.  Aquatic Bioassessment 
Laboratory.  Ranch Cordova, CA.  45 pp. 

California State Water Resources Control Board.  Surface Water Ambient Monitoring Program 
(SWAMP) Bioassessment SOP 001.  

Flotemersch, J. E., K. A. Blocksom, J. J. Hutchens, and B. C. Aturey.  2006.  Development of a 
standardized large river bioassessment protocol (LR-BP) for macroinvertebrate 
assemblages.  River Research and Applications 22:775-790. 

Kathman, R.D., and R.O. Brinkhurst. 1998. Guide to the freshwater oligochaetes of North 
America. Aquatic Resources Center, College Grove, TN. 264 pp. 

Hauer, F.R., and J.A. Stanford.  1981.  Larval specialization and phenotypic variation in 
Arctopsyche grandis  (TRICHOPTERA:Hydropsychidae).  Ecology.  62(3):645-653 

Lazorchak, J. M., B. H. Hill, D. K. Averill, D. V. Peck, and D. J. Klemm (editors).  2000.  
Environmental monitoring and assessment program - surface waters: field operations and 
methods for measuring the ecological condition of non-wadeable rivers and streams.  US 
Environmental Protection Agency, Cincinnati, Ohio. 



Yuba County Water Agency 
Yuba River Development Project  
FERC Project No. 2246  
 

 
MacroinvertebratesBMI Below Englebright RevisedProposed Study Plan AugustApril 2011 
Page 10 of 10 ©2011, Yuba County water Agency  

Merritt, R.W. and K.W. Cummins (eds.). 1996. 3rd Edition. An Introduction to the Aquatic 
Insects of North America. Kendall and Hunt Publishing Co., Dubuque, Ia. 

Rehn, A. C., N. Ellenrieder, and P. R. Ode. 2007. Assessment of Ecological Impacts of 
Hydropower Projects on Benthic Macroinvertebrate Assemblages: A Review of Existing 
Data Collected for FERC Relicensing Studies. California Energy Commission, contract 
#500-03-017. 

_____. A. C. 2009. Benthic macroinvertebrates as indicators of biological condition below 
Hydropower Dams on west slope Sierra Nevada Streams, California.  River Research and 
Applications. Wiley InterScience. 2009, Volume 25(2), pp. 208-228.   

Richards, A. B. and D. C. Rogers. 2006. List of Freshwater Macroinvertebrate Taxa from 
California and Adjacent States including Standard Taxonomic Effort Levels. Southwest  
Association of Freshwater Invertebrate Taxonomists (SAFIT). 215 pp. 

Rose, Tami L., N. A. Erman, and D. C. Erman.  1995.  Impacts of the Bowman-Spaulding Canal 
on Four Sierran Streams:  an Ecological and Geomorphological Evaluation.  University 
of California, Davis.  Department of Wildlife, Fish and Conservation Biology.  USDA 
Forrest Service File Code 2610. 

South Yuba River Citizens League. (SYRCL)  Unpublished data.  2007.  Yuba River Water 
Quality Monitoring. 

Southwest Association of Freshwater Invertebrate Taxonomists (SAFIT). November 2006. List 
of Freshwater Macroinvertebrate Taxa from California and Adjacent States including 
Standard Taxonomic Effort Levels.  

Stewart, K.W. and B.P. Stark. 1993. Nymphs of North American Stonefly genera (Plecoptera). 
Monograph 12. Thomas Say Foundation. 460 pp. 

Thorp, A.P. and A.P. Covich (eds.) 2001. Ecology and Classification of North American 
Freshwater Invertebrates. Academic Press, Inc., San Diego, Ca. 

Wiggins, G. B. 1996. Larvae of the North American Caddisfly Genera (Trichoptera). 2nd ed. 
Univ. Toronto Press, Canada. 

Yuba County Water Agency (YCWA).  201009.  Yuba River Development Project relicensing 
Pre-Application Documentliminary Information Package.  http://www.ycwa-
relicensing.com/default.aspx 

 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 22246 
 

 
AugustApril 2011 RevisedProposed Study Plan Special-Status Mollusks 
 ©2011, Yuba County Water Agency Page 1 of 8 

Study 3.3 

SPECIAL-STATUS MOLLUSKS 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
special-status mollusks. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that four agencies have jurisdiction over special-status mollusks in the 
geographic area covered in this study proposal:  1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land; 2) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish 
and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Per-Application Document, or PADPAD.  The Forest 
Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
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consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWALicensees reviewed CDFG’s list of State and Federally Listed Endangered and 
Threatened Animals of California (November 2007); CDFG’s list of Special Animals (October 
2007); the Forests Service Pacific Southwest Region’s Sierra Nevada Forests Management 
Indicator Species Amendment, and in particular Table E-11; the United States Department of 
Interior, Bureau of Land Management’s (BLM) Animal Sensitive Species List (September 2006); 
and CDFG’s California Natural Diversity Data Base (CNDDB).   
 
Three mollusks are listed as either threatened or endangered (Trinity bristle snail, Modanenia 
setosa; Morro shoulderband snail, Helminthoglypta walkeriana; and white abalone, Haliotis 
soenseni) under the federal Endangered Species Act, and the pProject's general vicinity is outside 
the range of these species. 
 
CDFG does not list any mollusks as California Species of Special Concern (CSC). 
 
The Forest Service lists seven mollusks as Forest Service Sensitive (FSS): California floater 
(Anodonta californiensis); Great Basin rams-horn (Hellisoma newberryi newberryi); topaz juga 
(Juga acutifilosa); scalloped juga (J. occata); montane peaclam (Pisidium ultramontanum); 
Owens Valley springsnail (Pyrgulopsis ownesensis); and Wong’s springsnail (P. wongi)).  None 
of these species are reported to occur in Plumas National Forest (PNF).  Only the California 
floater and Great Basin rams-horn are reported to occur in the Tahoe National Forest (TNF), but 
the Great Basin rams-horn is only found on the east side of the Sierras in the Truckee River 
basin.  None are reported as occurring in the PNF near the Project.  The Forest Service does not 
list any mollusks as Management Indicator Species. 
 
Table 3.0-1.  Target Forest Sensitive mollusk species. 

Common Name 
Scientific Name 

Habitat 
Requirements 

Current 
Distribution by State 

California floater 
Anodonta californiensis 

Shallow muddy or sandy habitats in large rivers, reservoirs, and lakes 
AZ, CA, ID, V, 

OR, UT, WA, WY 
Great Basin rams-horn 
Hellisoma newberryi 

Large lakes, slow rivers, and spring-fed creeks; burrows in soft mud CA, NV, OR, WY 

Topaz juga 
Juga acutifilosa 

Sand and gravel substrates in spring-influenced streams and lakes and 
occasionally in large spring pools 

CA, OR 

Scalloped juga 
J. occata 

Cold, moving waters of large rivers, often spring-influenced, with 
stable boulder and cobble substrates  

CA 

Montane peaclam 
Pisidium ultramontanum 

Sand and gravel substrates in spring-influenced streams and lakes and 
occasionally in large spring pools 

CA, OR 

Owen’s Valley springsnail 
Pyrgulopsis owensensis 

Small springs and spring runs, typically in watercress  CA, NV 

Wong’s springsnail 
P. wongi 

Perennial seeps and small- to moderate-sized springs and spring runs, 
only in flowing waters 

CA, NV 

Sources:  Duncan (2008), Frest and Johannes (1999), Furnish (2005). 
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In a letter dated May 26, 2011, the Forest Service identified that 10 additional species are 
proposed for Forest Sensitive status.  These species are highlighted in Table 3.0-2.  If one or 
more of the species is designated Forest Sensitive prior to initiation of fieldwork, the species will 
be targeted during YCWA’s fieldwork for this study.  Also, if one or more of the species is 
designated Forest Sensitive prior to preparation of the final report for this study, the report will 
note the change in status.  YCWA does not intend to reinitiate fieldwork for a species if its status 
changes after fieldwork has begun. 
 
Table 3.0-2.  Recently proposed Forest Ssensitive species by the Forest Service. 

Common Name Scientific Name 
Canary duskysnail Colligyrus convexus 

Western ridgemussel Gonidea angulata 
Chace juga Juga chacei 
Black juga Juga nigrina 

Kneecap lanx Lanx patelloides 
Freshwater pearlshell Margaritifera falcata 
Pristine springsnail Pristinicola hemphilli 
Willow Creek pyrg Pyrgulopsis lasseni 

Warner Spring shoulderband snail Rothelix warnerfontis 
Artemesian rams-horn Vorticifex effuses 

 
 
CDFG’s CNDDB includes reports of two mollusks in the vicinity of the Project (tight coin, 
Ammonitella yatesii and Button's Sierra sideband, Monadenia mormonum buttoni), neither of 
which is special-status. 
 
Based on this existing information, the only special-status mollusks that have a remote potential 
to be affected by the Project are Forest Sensitive speciesFSS, and these must occur on federal 
public land managed by the Forest Service to be considered SensitiveFSS.  Incidental 
observations during YCWALicensee’s relicensing studies and low level mollusk surveys 
coordinated within portions of YCWA’sLicensee’s Stream Fish Populations Upstream of 
Englebright Reservoir Study (Study 3.8) on federal public land managed by the Forest Service 
would provide site-specific data at a level of effort consistent with the low likelihood that 
special-status mollusks occur in the vicinity of the Project. 
 
CDFG advised YCWALicensee that invasive mussels, such as zebra mussel (Dreissena 
polymorpha) and quagga mussel (Dreissena rostriformis bugensis) are not known to occur in the 
vicinity of the Project.  New Zealand mud snail (Potamopyrgus antipodarum) is a concern to 
CDFG (Per. Comm., Lisa Corvington, CDFG Invasive Species – Quagga and Zebra Mussel 
Program, May 10, 2010.).  According to USGS website on May 12, 2010, which is updated daily 
(<http://nas.er.usgs.gov/taxgroup/mollusks/newzealandmudsnaildistribution.aspx>), the only 
known occurrence of New Zealand mud snail in the vicinity of the Project on May 12, 2010, was 
in the American River downstream of Lake Natoma. 
 

4.0 Study Goals and Objectives 
 
The goal of this Special-Status Mollusks Study is to provide information concerning Forest 
Sensitive FSS mollusk speciess within reservoirs and stream reaches potentially affected by the 
Project. 
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The objective of the study is to document the presence/absence of Forest Sensitive mollusk 
species FSS mollusks relative to Project features. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes National Forest Service (NFS) lands in: 1) 
the Middle Yuba River from and including Our House Diversion Dam Impoundment to the 
confluence with the North Yuba River, 2) Oregon Creek from and including the Log Cabin 
Diversion Dam Impoundment to the confluence with the Middle Yuba River, 3) surrounding 
New Bullards Bar Reservoir.  NFS land does not occur downstream of these areas. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts 
 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
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relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following four steps: 1) identify study sites; 2) conduct 
field surveys; 3) data quality assurance/quality control (QA/QC); and 4) report preparation. 
 
5.3.1 Step 1 – Identify Study Sites 
 
YCWALicensee will select a single sampling location for Forest Sensitive FSS mollusks on each 
river reach identified in the Stream Fish Populations Upstream of Englebright Dam Study (Study 
3.8) on which NFS land occurs.  Special-status mollusk sampling sites will be co-located with 
Stream Fish Population Upstream of Englebright Dam Study sites, and if a reach includes more 
than one stream fish sampling site on NFS land, YCWALicensee will randomly select one of the 
sites in the reach for special-status mollusk sampling.  In addition, YCWALicensee will select 
three sites on NFS land for special-status mollusk sampling along the shoreline of New Bullards 
Bar Reservoir.  Each reservoir site will have reasonable boat or foot access.  YCWALicensee 
will invite interested and available Relicensing Participants into the field to comment on the 
selected sites. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
YCWALicensees will obtain all necessary permits prior to performing fieldwork. 
 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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Surveys will follow established protocol methods for determination of presence or absence of 
mollusk species.  Stream sites will be surveyed by two-person teams, with one surveyor on either 
side of the stream.  Surveys will be done in an upstream direction.  Surveyors will search the 
edges of the streams and all water to approximately 60 centimeters (cm) of depth.  All substrate, 
including gravel, cobble, boulders, woody debris, and aquatic and emergent vegetation will be 
searched.  Reservoir sites will be surveyed by two-person teams, with one surveyor searching the 
water along the shoreline and one searching in deeper water, up to 60 cm in depth. Both 
surveyors will complete a visual search of the land adjacent to the selected shoreline.  A glass-
bottom (i.e., unbreakable acrylic) observation bucket will be used to increase the amount of 
underwater substrate searched and to look for mollusks in deeper areas. 
 
If deeper habitat is found within a site or there is known potential special-status mollusk habitat 
near the site, such as a spring near the stream’s edge, snorkel/scuba gear may be used.  All 
substrate types, including silt/mud and coarser mineral substrate, woody debris, and aquatic 
vegetation, will be sampled or subsampled.  Areas of fine substrate will be subsampled by 
excavating to a depth of 5-10 cm. 
 
Each site length will be a minimum of 100 meters or searched for a minimum of 2 hours’ 
sampling effort, whichever is less.  Both length of unit and time of survey will be recorded.  
Each site will be surveyed by a two-person team; therefore, each site will have a minimum of a 
four person-hour search effort.  Although these methods yield qualitative results (i.e., 
presence/absence and relative abundance), such timed surveys have been found to be better at 
determining presence or absence of the greatest number of aquatic mollusk species within an 
area (Brim Box 2002). 
 
Aquatic gastropods (i.e., snails and limpets), when found, will be field identified to family, 
genus, or species (i.e., only to the extent necessary to rule out a special-status species).  Mussel 
shells, if present, will be collected as voucher specimens (due to their characteristic shells, it will 
not be necessary to collect live mussels).  Physical habitat characteristics will be recorded, 
including water temperature, substrate composition, estimated mean water velocity, estimated 
discharge, channel gradient, width, and mean depth.  The location at which the specimens are 
found will be noted using GPS coordinates. 
 
Species identifications and verification of field identifications for bivalves will be made using 
the keys in Burch (1975a, 1975b) and McMahon (1991) to the extent necessary to rule out a 
special-status species.  Identifications and verification of field identifications for gastropods will 
be made using the keys in Burch (1989), McMahon (1991), and Frest and Johannes (1999). 
 
5.3.3 Step 3 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWALicensees will develop Geographic Information System (GIS) 
maps depicting the location of surveys, special-status mollusk occurrences, project facilities and 
features, and other information collected during the study.  Field data will then be subject to 
quality assurance and quality control (QA/QC) procedures, including spot-checks of 
transcription and comparison of GIS maps with field notes on locations of any special-status 
mollusk occurrences.  
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5.3.4 Step 4 – Prepare Report  
 
YCWALicensees will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  YCWALicensees plans to make the report 
available to Relicensing Participants when completed.  The report will be included in YCWA’s 
Lthe Licenicensese Applications as appropriate. 
 

6.0 Study-Specific Consultation 
 
This study proposal includes the following study-specific consultation: 
 
 YCWALicensee will invite interested and available Relicensing Participants into the field to 

comment on the selected Forest Sensitive mollusk sampling sites. 

 YCWALicensee will consult with the Forest Service Relicensing Participants prior to 
initiating fieldwork and final report preparation to confirm the status of the 10 potential 
species listed in Table 3.0-2.additions for monitoring. 

 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Select sample sites (Step 1) ............................................................................................... May 2012 
Conduct field surveys (Step 2) ................................................................................ June - July 2012 
Data QA/QC (Step 3) .................................................................................................... August 2012 
Prepare Report (Step 5) ..........................................................................................  September 2012 
 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methodologies described above for water temperature monitoring, reservoir profiling, and 
meteorological data collection are typical of recent relicensings in California.   
 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this study in 2011 dollars is between $35,000 and 
$45,000. 
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Study 3.41 

SPECIAL-STATUS AMPHIBIANS –  
FOOTHILL YELLOW-LEGGED FROG 

SURVEYS 
Augustpril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status2 amphibian, foothill yellow-legged frog (FYLF) (Rana boylii), which is considered a State 
Species of Special Concern by the California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that four agencies have jurisdiction over special-status amphibians in 
the geographic area covered in this study proposal:  1) the United States Department of 
Agriculture, Forest Service (Forest Service) on National Forest System (NFS) land; 2) United 
States Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of 
Fish and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
2  Special-status amphibians are considered those species: 1) formally listed by the United States Department of Agriculture 

Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the federal Endangered Species Act 
(ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for delisting; 3) listed under the 
California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or proposed for delisting; or 5) 
formally listed by California Department of Fish and Game as a Species of Concern. For the purpose of this study proposal, 
species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 

 
The goal of this study is to develop information concerning the special-status amphibians 
associated with Project-affected stream reaches, and related Project recreation features or 
activities. 
 
The specific objectives of this study are as follows: 
 
 Identify, compile, and map known occurrences of FYLF, including life history stage and 

associated habitat information as available.  At a minimum, produce a map of known 
occurrences with a supplemental table that includes information on the exact location, date 
found, how many individuals (if available), and the source of the sighting (museum database, 
agency record, etc.). 

 Identify habitats in the study area potentially suitable for FYLF, and evaluate the suitability 
of these habitats for the species. 

 Perform biological surveys in suitable habitats and determine approximate period in which 
breeding and rearing occurs if FYLF is found. Compile incidental observations from other 
aquatic studies documenting other native amphibians, and non-native aquatic species that 
may affect the distribution of FYLF. 

 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of 
special-status amphibians in the Project Vicinity3 are available from California Natural Diversity 
Database (CNDDB), museum records, and other sources.  FYLF is the only special-status 

                                                 
3  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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amphibian in the area.  Information and a life history description of FYLF, included in Section 
7.3 of YCWALicensee’s Pre-Application Documentliminary Information Package (YCWA 
201009), is useful in identifying preferred habitats and documenting where the species have been 
found to date.  Table 4.0-1 summarizes habitat requirements of FYLF by life stage.   
 
Table 4.0-1.  Foothill yellow-legged frog habitat requirements by life stage. 

Egg Masses1 Larvae1 Juveniles and Adults1 

Egg masses are deposited in low to 
moderate gradient streams, usually within 
shallow, edgewater areas of low velocity 
with cobble/boulder substrate in open, 
sunny areas with little riparian vegetation; 
often adjacent to low gradient 
cobble/boulder bars, tributary confluences, 
side and backwater pools, or pool tail-outs 
with coarse substrates. In small streams 
may occur in step pools and other 
microhabitats that meet basic conditions for 
substrate, water depth, and velocity. 

Generally in low velocity segments of 
streams, such as edgewater habitat 
adjacent to riffles or cascades, in main 
channel pools, and plunge-pools that 
provide escape cover (e.g., substrate 
interstices, vegetation, and detritus for 
cover). Larvae, at least in early stages, 
show affinity to oviposition sites, but may 
disperse to shallow, warm, low velocity 
near-shore habitats with smaller substrate 
(i.e., gravel/sand) as the season 
progresses.

Perennial streams and ephemeral creeks with 
pools. Prefer areas that provide exposed basking 
sites and cool shady areas adjacent to water’s 
edge. Shallow, flowing water, preferentially in 
small to moderate-sized streams with some 
cobble-sized substrate. 

1 Sources of information: Jennings and Hayes 1994, PG&E 2001, Lind 2005. 

 
 
FYLF is a stream-adapted species and is not associated with ponds, lakes, or other lentic habitats. 
Within large streams, FYLF often occurs near tributaries, which may provide important seasonal 
habitats (e.g., in winter and during the hottest part of the summer) (VanWagner 1996; Seltenrich 
and Pool 2001).  Breeding tends to occur in spring or early summer and eggs are laid in areas of 
shallow, slow moving, waters near the shore.  FYLF are infrequent in habitats where introduced 
fish and American bullfrog occur (Jennings et al. 1994). 
 
The CNDDB (CDFG 2003) reports 24 occurrences of FYLF in the Project Vicinity.  The records 
cited by Vindum and Koo (1999) for the drainages of the North, Middle, and South Yuba rivers 
occur above Project-affected reaches. California Academy of Sciences (2010) has 17 FYLF 
records from Sierra County, seven from Yuba County, and six from Nevada County. The 
Museum of Vertebrate Zoology has nine specimens from Yuba County.  Despite widespread 
documentation of FYLF in the region, few of these records are from the Project Area.4  In the 
vicinity of Log Cabin Diversion Dam on Oregon Creek, there are records for FYLF (adults and 
subadults); FYLF also have been documented upstream and downstream of Our House Diversion 
Dam on the Middle Yuba River.  Tahoe National Forest reports 150 occurrences of FYLF within 
10 miles of the Project Vicinity; at least 16 of which are located in the Project Area.  Most of the 
records are in the vicinity of Oregon Creek, North Yuba River, Kanaka Creek, Grizzly Creek, 
Woodruff Creek, Grizzly Gulch, and the Middle and South Yuba rivers.  Other areas with 
multiple TNF FYLF records include Blue Ravine, Deer Creek, Devils Canyon, Fiddle Creek, 
Hornswoggle Creek, Humbug Creek, Indian Creek, Moores Flat, Rapps Ravine, and Willow 
Creek.  During stream habitat mapping in 2009, YCWALicensee observed FYLF in Oregon 
Creek and in Middle Yuba River downstream of Our House Diversion Dam.  
 

                                                 
4  For the purposes of this document, the Project Area is defined as the area within the existing Federal Energy Regulatory 

Commission (FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within 
about 0.25 mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the 
next major water controlling feature or structure. 
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In most cases, existing information is too general to meet the objectives of the study.  Additional 
information needed includes specific and current localities of FYLF and its habitat in relation to 
Project facilities; and sufficient information on normal Project O&M activities that might affect 
populations. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of stream reaches affected by the Project; it also includes tributaries 
unaffected by the Project up to 0.5 mile (mi) upstream from the normal high water line of 
Project-affected stream reaches, if suitable habitat for FYLF is accessible to the species from 
habitat in the mainstem of the river.  This includes: 1) the Middle Yuba River from and including 
Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 2) 
Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the confluence 
with the Middle Yuba River, 3) the North Yuba River from and including New Bullards Bar 
Dam Reservoir to the confluence with the Middle Yuba River, and 4) the portion of the Yuba 
River from the confluence of the North and Middle Yuba rivers to New Colgate Powerhouse.  
The Yuba River below New Colgate Powerhouse is below 600 feet (ft) in elevation and thus 
outside of the known or expected distribution of FYLF, which extends from about 600 ft to 5,000 
ft in elevation (Moyle 1973, Seltenrich and Pool 2002, ECORP Consulting, Inc. 2005).  
 
In addition, the study area includes tributaries up to 1.0 mile (mi) upstream of New Bullards Bar 
Reservoir, Our House Diversion Dam Impoundment and Log Cabin Diversion Dam 
Impoundment if suitable habitat is accessible to the species from habitat in the reservoirs and 
impoundments.  FYLF may make seasonal movements between tributaries and mainstem 
streams. 
 
The study area also includes one study site on each of two stream reaches unaffected by the 
Project: 1) Oregon Creek immediately upstream of the Log Cabin Diversion Dam 
Impoundment;, and 2) a stream reach in the Yuba River watershed with comparable geomorphic 
attributes to at least some of the larger Project-affected stream reaches.  The locations of these 
two study sites will be determined as described in Section 5.3.2. 
  
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
 
 
                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study will be completed in five steps, each of which is described below. 
 
Prior to conducting field work, YCWALicensee will obtain necessary CDFG scientific collection 
permits and will adhere to accepted decontamination guidelines to minimize the likelihood of 
transmitting diseases (USFWS 2005). 
 
5.3.1 Step 1 – Map Occurrences 
 
YCWALicensee will map known occurrences of FYLF based on a query of the CNDDB, agency 
records, museum records, and consultation with regional experts.  The map will be supplemented 
with a table that includes information on the exact location, date found, how many individuals (if 
available), and the source of the sighting (museum database, agency record, etc.).  
 
5.3.2 Step 2 - Identify Potential Habitat and Select Survey Sites 
 
YCWALicensee will review available data sources to identify areas of potentially suitable 
habitat for FYLF (emphasizing potential breeding habitat) based on the description of habitat 
elements presented in Table 4.0-1.  Data sources may include aerial photographs; the Project 
helicopter video, National Wetland Inventory (NWI) maps, United States Geological Survey 
(USGS) 1:24,000 topographic quadrangle, hydrologic data, and other sources of information that 
would allow for assessment of habitat conditions within the study area.   
 
YCWALicensee will conduct a field reconnaissance at specific locations to assess on-site habitat 
conditions if other data sources are not adequate to this purpose.  Sites will be logged by GPS 
position, photographs will be taken of each site from various angles, and a preliminary habitat 
assessment will be conducted.  Pertinent habitat characteristics to be recorded will include stream 
channel form and dimensions, gradient, substrate types, and vegetation types (e.g., aquatic, 
emergent, overhanging, and canopy). 
 
Following review of habitat data sources, a representative set of sites determined to be 
potentially suitable habitat or all sites, if few suitable sites are identified, will be selected for 
surveys. Although the number and locations of surveys sites cannot be determined in advance, it 
is anticipated that at least one site will be placed in each reach affected by the Project, with 
additional sites as needed to represent the range of conditions where FYLF may occur and 
potential types of Project effects in each reach; and a total of two sites will be placed in stream 
reaches unaffected by the Project.  One of these non-Project-affected sites will be located in 
Oregon Creek immediately upstream of the Log Cabin Diversion Dam Impoundment.  The other 
non-Project-affected site will be located in a stream reach in the Yuba River watershed with 
comparable geomorphic attributes to at least some of the larger Project-affected stream reaches. 
It is understood that the number of sites may be constrained by access limitations, such as occur 
in the North Yuba River from New Bullards Bar Dam to the Middle Yuba River, and in parts of 
the Yuba River.   
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YCWALicensee provided a summary of the information described above to the Relicensing 
Participants.  One week after providing the information to the Relicensing Participants, 
YCWALicensee met with interested and available Relicensing Participants to collaborate 
regarding sampling locations.  YCWALicensee made a good faith effort to schedule the 
consultation on a day or days convenient to YCWALicensee and interested Relicensing 
Participants, and provided an email notice at least 14 days in advance of the meeting or site visit.  
If collaborative agreement is not reached, YCWALicensee will note the disagreements in its final 
report, including why YCWALicensee did not adopt the recommendation.  Table 5.3-1 
summarizes collaboratively agreed upon survey site locations in Project-affected sections of the 
Middle Yuba River, North Yuba River, Yuba River, and Oregon Creek.  It was also agreed that a 
non-Project-affected site will be located in the North Yuba River upstream of New Bullards Bar 
Reservoir.   
 
The selection of survey sites will take into account site-specific conditions, including safety, 
accessibility (i.e., road or trail access, topography), permission from landowners to survey on 
private lands, and potential impact from Project O&M.  Survey sites may be disproportionately 
located near (i.e., within 0.25 mi) of a confluence based on research that supports the importance 
of proximate tributaries as non-breeding habitat for FYLF associated with larger and/or higher 
elevation rivers (Kupferberg 1996, Van Wagner 1996, Marlow et al. 2007). Survey site length 
will range from 750 to 1,000 meters (2,461 to 3,281 ft) on the Project-affected reach, based on 
the extent of suitable habitat and access.  The same site dimensions will apply to the two non-
Project-affected sites.  To the extent reasonable, FYLF survey sites will be co-located with other 
relicensing study sites. 
 
Table 5.3-1. Proposed survey effort and locations of FYLF survey sites on Project-affected stream 
reaches. 

RM River/Location Description1

MIDDLE YUBA RIVER 
11.0 - 11.6 0.4 mi D/S of Our House Diversion Dam (Our House Diversion Dam Reach) 

4.3 - 5.1 
6.9 mi D/S of Our House Diversion Dam at Oregon Creek confluence (Our House Diversion Dam Reach and Oregon Creek 
Reach)2 

3.1 - 3.7 8.3 mi D/S of Our House Diversion Dam and 0.9 mi D/S of Oregon Creek confluence (Oregon Creek Reach) 

0.0 - 0.3 11.7 mi D/S of Our House Diversion Dam and 4.3 mi D/S of Oregon Creek confluence (Oregon Creek Reach)3 

NORTH YUBA RIVER 
0.0 - 0.5 1.8 mi D/S of New Bullards Bar Dam (New Bullards Bar Dam Reach) 

YUBA RIVER 
39.6 - 39.7 2.3 mi D/S of New Bullards Bar Dam at North Yuba confluence (Middle/North Yuba Reach)3

34.1 - 34.7 7.3 mi D/S of New Bullards Bar Dam, 0.2 mi U/S of New Colgate Powerhouse (Middle/North Yuba Reach) 
OREGON CREEK 

0.0 - 0.6 3.5 mi D/S of Log Cabin Diversion Dam (Log Cabin Diversion Dam Reach) 
2.0 - 2.6 1.5 mi D/S of Log Cabin Diversion Dam (Log Cabin Diversion Dam Reach) 

1 Location descriptions are based on the upstream extent of each proposed site. 
2 Site is comprised of contiguous sections of Our House Diversion Dam Reach and Oregon Creek Reach on either side of Oregon Creek 

confluence; data will be recorded separately from each reach section. 
3 Site length less than 750 meters because of impassable conditions 

 
 
YCWALicensee will invite interested and available Relicensing Participants into the field to 
comment on the final selection of survey sites. 
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5.3.3 Step 3 – Conduct Surveys 
 
Surveys for FYLF will occur during the breeding season and will follow the VES standard 
protocols developed by Pacific Gas & Electric Company (PG&E) for hydroelectric project 
applications (PG&E and NID 2009), which are modified from Seltenrich and Pool (2002).  
Specifically, two surveyors working in tandem will search along both banks of streams, back 
channel areas, and potential instream habitats for FYLF walking slowly while one observer scans 
ahead.  Habitats along each bank will be searched.  To aid in the detection of eggs and larvae, 
surveyors will use a viewing box in shallow margin areas.  In water too deep to survey by 
wading, or where substrate configuration (e.g., large boulders) or other factors render the 
viewing box ineffective, snorkeling will be employed in appropriate habitats during searches 
where safely accessible.  Each FYLF detection will be recorded by life stage along with the 
associated habitat data based on procedures described in PG&E and NID (2009), including water 
temperature, depth, and substrate characteristics.  Detailed water velocity, depth, and substrate 
data (i.e., information pertinent to habitat suitability curve [HSC] development) will be collected 
for detections of tadpoles on Oregon Creek; at survey sites on the Middle Yuba, North Yuba, and 
Yuba River, these data will only be collected for a representative sub-set of tadpole detections.  
Egg mass locations will be recorded by GPS (ideally, Map Grade Trimble GPS) and flagged, 
photographed, and/or described sufficiently so that egg mass locations can be re-surveyed if the 
site is used for the performance of Study 3-4, Special-Status Amphibians – Foothill Yellow-
Legged Frog Habitat Modeling.  Tadpole locations will also be recorded by Map Grade Trimble 
GPS.   
 
Three FYLF VES visits will be conducted at all sites; two visits in the spring/early summer for 
the detection of egg masses, and one in the summer to detect tadpoles.  A fourth survey will be 
conducted at sites where egg masses and/or tadpoles were documented in any of the previous 
surveys; this fourth survey will be in late summer/early fall and intended to document late stage 
tadpoles and the post-metamorphic stage.  The first survey will occur when water temperature 
monitoring data being collected in the Water Temperature Monitoring Study indicate that 
temperatures have reached a daily average of 51.8-53.6ºF (11-12ºC) (although FYLF has been 
reported to sometimes breed at water temperatures as low as 50ºF (10ºC) [Amy Lind, personal 
communication], a survey-trigger temperature of 51.8ºF should ensure that surveys are not 
initiated prematurely).  Temperature data from the lowest elevation monitoring sites in reaches 
proposed for surveys will be used for this purpose. The onset of the breeding season may also be 
assessed by weekly observations at one or more "sentinel sites" in the Middle Yuba, North Yuba, 
and/or Oregon Creek (i.e., locations in or near the study area where FYLF breeding activity can 
be easily monitored), if there are locations in these streams where FYLF is known to breed. 
Sentinel site monitoring would begin in April, and observations of gravid female FYLF or egg 
masses at these sites may also provide a trigger to initiate the surveys in other locations.  As 
noted in Section 5.2 (General Concepts and Procedures), incidental observations of certain other 
species will be reported in the study report(s) appropriate to the species.  The standard protocols 
for FYLF VES require recording observations of all amphibians, reptiles, or turtles that are 
observed during the VES, including the approximate number and the life stage(s) present.  
Following the initial VES, surveyors will complete a habitat characterization of each study 
location, following standard operating procedures.   
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5.3.4 Step 4 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWALicensee will develop GIS maps depicting special-status species 
occurrences, potential habitat, project facilities and features, and other information collected 
during the study.  Field data will then be subject to quality assurance and quality control 
(QA/QC) procedures, including spot-checks of transcription and comparison of GIS maps with 
field notes. 
 
5.3.5 Step 5 – Prepare Report 
 
YCWALicensee will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  At a minimum, the following summaries/data 
presentations will be provided, along with the supporting data (in Excel spreadsheet and GIS 
layers, as appropriate):   
 
 Presence/absence of FYLF by survey period (e.g., spring, summer), sample reach tributary, 

and river 

 Abundance of FYLF egg masses by survey period, sample reach tributary, and river 

 Abundance of FYLF tadpoles/tadpole groups by survey period, sample reach tributary, and 
river 

 Abundance of FYLF young of the year (metamorphs), subadults, and adults by survey period, 
sample reach tributary, and river  

 Descriptive summaries of FYLF egg mass and tadpole habitat characteristics (at least n, 
mean, minimum, maximum, and standard error values) overall and by river and/or tributary 

 Summary and maps of site habitat assessments 

 Maps depicting the number of FYLF observations by life stage at each survey site 

 The report will also include pertinent water temperature data, including margin temperatures 
collected during the Water Temperature Monitoring Study (Study 2.5).   

 
For all special-status species observations, YCWALicensee will complete the appropriate 
CNDDB form and transmit the form to the CNDDB. 
 
5.3.6 Step 6 – Collaboration Regarding Need for and Scope of Focused Studies in 

Second Year 
 
YCWALicensee will meet with interested and available Relicensing Participants no later 6 
weeks prior to the date that YCWALicensee’s Initial Study Report is scheduled to be filed with 
FERC to review data available from the study at that time and discuss the need for and scope of 
additional limited scope studies.  For example, if the study documents only post-metamorphic 
life stages of FYLF (adult, juvenile, or young-of-year) or if only late stage larvae are detected 
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(i.e., the results do not indicate where FYLF breeding occurred), further focused survey for egg 
masses and/or early tadpoles in the same stream may be appropriate.  In addition, if incidental 
observations of invasive bullfrogs (Lithobates [Rana] catesbeianus) and crayfish, known 
predators of FYLF, collected by YCWALicensee during this study and other relicensing studies 
suggests that these species occur in numbers that could adversely affect FYLF and their 
occurrence is related to the Project, focused studies for these species may be needed.  These 
focused studies could determine their extent/distribution, relative abundance, and lifestage 
distribution within Project-affected reaches.  VES methods for FYLF can be adapted for bullfrog 
surveys in lotic waters.  For crayfish, PG&E’s Pit 3,4,5 FYLF monitoring plan could provide 
examples of methods for counting.  These are only examples, and other conditions or 
circumstances may indicate a need for other focused studies of a particular site.  If 
YCWALicensee and Relicensing Participants collaboratively agree focused studies are needed in 
a second year, YCWALicensee and Relicensing Participants will collaboratively develop a new 
study proposal and YCWALicensee will file it with FERC prior to or at the same time 
YCWALicensee files its Initial Study Report, and implement the study as directed by FERC. 
 

6.0 Study-Specific Consultation 
 
YCWALicensee will engage in the following study-specific consultation: 
 
 YCWALicensee will collaborate with Relicensing Participants regarding study site locations 

and will invite interested and available Relicensing Participants into the field to comment on 
the final selection of study sites (Step 2). 

 
 YCWALicensee will collaborate with Relicensing Participants regarding need for focused 

second year studies (as discussed in Step 6). 
 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify Habitat and Select Survey Sites (Step 1) ................................ October 2011 – March 2012 
Conduct Surveys (Step 2) ..................................................................... March 2012 – August 2012 
QA/QC (Step 3) ............................................................................................................ August 2012 
Report Preparation (Step 4)  ........................................................... August 2012 - September 2012  
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from CDFG and 
other reputable sources for the analysis. 
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9.0 Level of Effort and Cost 
 
YCWA Licensee estimates that the cost to complete this study in 2011 dollars is between 
$155,000 and $215,000. 
 

10.0 References Cited 
 

California Academy of Sciences (CAS).  2010.  Herpetology Records.  Available online:  
http://www.calacademy.org/research/herpetology/catalog/Index.asp.  Accessed January 
21, 2010. 

CDFG (California Department of Fish and Game). 2003.  Biogeographic Data Branch. California 
Natural Diversity Database (CNDDB). Version 3.1.0-Dated January 4, 2010. Available 
online: http://www.dfg.ca.gov/bdb/html/cnddb.html.  Accessed January 20, 2010. 

____.  2011. Yuba River Hydroelectric Project (Project No. 2246-058) Comments on the Pre-
Application Document, Scoping Document 1, and Additional Resource Study Requests.  
March 2, 2011. 

ECORP Consulting, Inc. 2005. Draft results of the 2004 (Year 1) amphibian monitoring program 
for foothill yellow-legged frog and mountain yellow-legged frog. El Dorado 
Hydroelectric Project (FERC Project No. 184). Report to El Dorado Irrigation District. 
May 18, 2005.  

Jennings, M. R., and M. P. Hayes. 1994. Amphibian and reptile species of special concern in 
California. Final Report to the California Department of Fish and Game, Inland Fisheries 
Division, Rancho Cordova, CA. 225 pp. 

Kupferberg, S. J. 1996. Hydrologic and geomorphic factors affecting conservation of a river- 
breeding frog (Rana boylii).  Ecological Applications 6:1332-1344. 

Lind, A. 2005.  Reintroduction of a declining amphibian: determining an ecologically feasible 
approach for the foothill yellow-legged frog (Rana boylii) through analysis of decline 
factors, genetic structure, and habitat associations. Ph.D. Dissertation, University of 
California, Davis. 169 pp. 

Marlow, K., Drennan, J., Jackman, R., and K. Wiseman.  2007.  Effects of pulsed flows on the 
foothill yellow-legged frog (Rana boylii). Presentation at California-Nevada Working 
Amphibian Populations Task Force Group Meeting 2007. Las Vegas, NV. Available 
online: 
<http://ice.ucdavis.edu/CANVDecliningAmphibians/DAPTF2007/DAPTF2007Agenda.h
tm#Kupfer>.  Accessed November 2007. 

Moyle, P.B. 1973.  Effect of introduced bullfrogs, Rana catesbeiana, on the native frogs of the 
San Joaquin Valley, California.  Copeia 1973:18-22. 

Museum of Vertebrate Zoology (MVZ).  2010.  Herpetological records for Yuba, Sierra, and 
Nevada counties, California.  University of California, Berkeley.  Available online:  
http://mvzarctos.berkeley.edu/SpecimenSearch.cfm.  Accessed January 21, 2010.    



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246  
 

 
FYLF Surveys RevisedProposed Study Plan Augustpril 2011 
Page 12 of 12 ©2011, Yuba County Water Agency 

PG&E (Pacific Gas and Electric Company).  2001.  Survey protocols, standard operating 
procedures, and data sheets for amphibian surveys and habitat assessments.  May 2001.  
Unpublished. 

_____ and NID (Nevada Irrigation District).  2009.  Study 2.3.6. Foothill Yellow-Legged Frog 
Surveys Study.  Revised Study Plan, Drum Spaulding Project and Yuba Bear 
Hydroelectric Project. 

Seltenrich, C. P. and A. C. Pool.  2002. A standardized approach for habitat assessments and 
visual encounter surveys for the foothill yellow-legged frog (Rana boylii).  Pacific Gas 
and Electric Company. 

USFWS.  2005.  Revised Guidance on Site Assessments and Field Surveys for the California 
Red-legged Frog.  Available online: 

http://www.fws.gov/sacramento/es/documents/crf_survey_guidance_aug2005.doc. 
Accessed November 2007. 

Van Wagner, T. 1996. Selected life history and ecological aspects of a population of foothill 
yellow-legged frogs (Rana boylii) from Clear Creek, Nevada City, California. Master's 
Thesis, California State University Chico. 143pp. 

Vindum, J.V. and M.S. Koo.  1999.  Amphibians and reptiles of the Tahoe National Forest:  
historical collections and the results of 1997-1999 California Academy of Science 
Surveys.  Dept. of Herpetology, California Academy of Sciences. 

Yuba County Water Agency (YCWA).  2010.  Yuba River Development Project relicensing Pre-
Application Document.   



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan FYLF Habitat Modeling 
 ©2011, Yuba County Water Agency Page 1 of 14 

Study 3-5 

SPECIAL-STATUS AMPHIBIANS –  
FOOTHILL YELLOW-LEGGED FROG 

HABITAT MODELING 
AugustApril 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status1 amphibian, foothill yellow-legged frog (FYLF) (Rana boylii), which is considered a State 
Species of Special Concern by the California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over special-status amphibians in 
the geographic area covered in this study proposal:  1) the United States Department of 
Agriculture, Forest Service (Forest Service) on National Forest System (NFS) land; 2) United 
States Department of Interior, Fish and Wildlife Service (USFWS); 3) California Department of 
Fish and Game (CDFG); and 4) State Water Resources Control Board Division of Water Rights 
(SWRCB).  Each of these agencies and their jurisdiction, as understood by YCWA at this time, 
is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals, and objectives are not repeated 
here.      
 
 

                                                 
1  Special-status amphibians are considered those species: 1) found on National Forest System land and formally listed by the 

United States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed 
under the federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or 
proposed for delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or 
threatened or proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. 
For the purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed 
separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives  
 
The goal of this study is to develop habitat-flow relationships for FYLF in stream reaches in 
which FYLF are known to breed and that are potentially affected by the Project. 
 
Study objectives include: 
 
 Develop a two-dimensional model for FYLF eggs and tadpoles in sections of Project-affected 

streams in which they occur. 

 Using the model 1) determine the range of flows that provide suitable FYLF breeding 
habitat; and 2) assess the potential effects of seasonal flow changes resulting from Project 
operations on habitat durability (i.e., persistence of suitable habitat at specific locations). 

 

4.0 Existing Information and Need for Additional 
Information 

 
FYLFs lay egg masses and tadpoles occur within a relatively narrow range of stream habitat 
conditions (i.e., meso- and microhabitat types, water velocities, depths, and substrates).  At the 
scale of a stream reach, egg laying usually occurs in the following areas: upstream/downstream 
end of lateral bar, side of lateral bar, pool tail-out, edge of run, edge of island or braided channel 
(Figure 4.0-1).  Within these breeding areas, egg masses tend to be deposited at depths greater 
than 4 centimeters (cm) and less than 40 cm (Kupferberg 1996, Lannoo 2005, Lind 2005, Lind et 
al. 2008, PG&E 2008); at velocities less than 13.5 centimeters per second (cm/s) (Kupferberg 
1996, Lind 2005, PG&E 2008); and on cobble, boulder, or less commonly, gravel substrates in 
edgewater habitats (Kupferberg 1996, Lind 2005, PG&E 2008).  Tadpoles generally use shallow 
edgewater areas with low water velocities and high amounts of epiphytic diatoms and detritus 
(Kupferberg et al. 2008, Lind et al. 2008, PG&E 2008).  FYLF post-metamorphic life stages are 
semi-aquatic and move more freely between habitats than aquatic life stages, but are likely 
influenced by the proximity of canopy cover to aquatic habitats (PG&E 2008).  Because FYLF 
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habitat availability and suitability are closely related to flow conditions, instream hydraulic 
habitat modeling has been advanced as a predictive tool to assess flow effects on this species. 
 

 
Figure 4.0-1. Diagrammatic representation of typical FYLF breeding areas in large creeks and 
rivers, based on research from North Coast and Sierra Nevada streams similar to those streams 
downstream of the Yuba River Development Project. 
 
 
A variety of instream habitat models have been developed to express the relationship between 
instream flows and habitat conditions for aquatic organisms, particularly fish, including both 
one-dimensional modeling (1-D) and two-dimensional modeling (2-D).  One-dimensional 
models using habitat suitability criteria to predict habitat availability under specified flows are 
widely employed and can be easily applied to long sections of rivers (Bovee 1982, Milhous et al. 
1989).  Beca (2008) suggests that 2-D models are better suited for areas of complex flow 
patterns, such as on channel bends or in braided channels, provided that topography is mapped at 
high precision; however, the results cannot be directly applied to a larger area than is modeled 
(Hydropower Reform Coalition 2005).  In a relatively uniform channel, 1-D models can predict 
whether FYLF egg masses would be stranded due to changes in flow; but in more complex 
streams, multiple, closely spaced transects might be required to predict longitudinal variation in 
water velocities, such as might be associated with a point bar (Osborne et al. 1988, Ghanem and 
Hicks 1992).  In contrast, 2-D models may more accurately predict flows at finer resolution 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
FYLF Habitat Modeling RevisedProposed Study Plan AugustApril 2011 
Page 4 of 14 ©2011, Yuba County Water Agency 

corresponding to smaller scale habitats (Ghanem et al. 1996, Crowder and Diplas 2000).  
Limitations of 2-D modeling include relatively high cost, site-specific results (i.e., limited 
representation of the stream beyond the specific location of the study site), and difficult 
calibration (Beca 2008). 
 
In general, the value of habitat models (such as 1-D or 2-D instream flow models) relative to 
empirically collected data, is that they allow for evaluation of a large number of stream flow 
levels once the basic field data have been collected.  Empirically collected data typically provide 
a snapshot of habitat conditions at a few flow levels and cannot be extrapolated to other flow 
levels.  However, data collected at single flows are complementary to modeled data and can be 
used to provide validation of the model outputs, if both methods are applied in the same reach. 
 
While some information regarding breeding of FYLF in Project-affected stream reaches is 
available, LicenseeYCWA’s Special-status Amphibians – Foothill Yellow-Legged Frog Survey 
Study will identify breeding areas, which will be modeled using this study. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
FYLF aquatic habitat will be modeled using the 2-D method in Project-affected stream reaches 
where FYLF breeding is documented to occur by LicenseeYCWA’s Special-Status Amphibians 
– Foothill Yellow-Legged Frog Surveys Study (Study 3.4), or is otherwise documented to occur. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
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Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

  

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study includes six steps: 1) select sites; 2) survey channel geometry and map substrate; 3) 
collect hydraulic measurements; 4) develop habitat suitability criteria; 5) habitat and hydraulic 
modeling; and 6) prepare report.  Each step is described below. 
 
LicenseeYCWA will obtain all necessary permits prior to fieldwork.   
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 - Study Site Selection 
 
LicenseeYCWA will locate and delineate 2-D study sites in the field during fall 2012.  
LicenseeYCWA, with at least 2 week advance notice, will invite interested Relicensing 
Participants into the field to comment on study sites.  One model will be developed in each of 
three river segments, assuming FYLF breeding is documented in each reach.  If breeding is not 
documented in a reach by LicenseeYCWA’s Special-Status Amphibians – FYLF Surveys Study, 
modeling will not occur in that reach.  The three reaches in which modeling may occur include: 
1) on the Middle Yuba River to the confluence of the North Yuba River, with the modeling site 
to be placed in Our House Diversion Dam Reach unless FYLF breeding is not documented in 
that reachand Yuba River from Our House Diversion Dam to New Colgate Powerhouse; 2) on 
Oregon Creek from the Log Cabin Diversion Dam to the confluence with the Middle Yuba 
River; and 3) on the North Yuba River from New Bullards Bar Dam to the confluence with the 
Middle Yuba River or Yuba River to New Colgate Powerhouse..  The first and second of these 
reaches represent the three primary stream reaches below the twohree Project facilities that may 
affect FYLF, Our House Diversion Dam and, Log Cabin Diversion Dam, respectively.  and The 
third reach is situated below New Bullards Bar Dam, but downstream of the confluence the reach 
is also affected by Our House Diversion Dam.  If Relicensing Participants collaboratively agree 
that a second site is needed to assess flow-habitat relationships in the third reach, 
LicenseeYCWA will add this site at a collaboratively n agreed-upon location.. 
 
At least 2 weeks in advance of the field visit with interested Relicensing Participants, 
LicenseeYCWA will identify preliminary 2-D sites and provide Relicensing Participants with 
written materials including maps and technical rational for the preliminary sitings.  
LicenseeYCWA will use the following guidelines in 2-D site selection: 
 
 Locating the Site 

 Choose a site in each reach in which 2-D modeling will occur: 

 that has the common dominant breeding habitat types for that reach and 
preferably includes a known FYLF breeding site  

 with the goal of including at least two mesohabitat units   

 from the potential set of study sites developed based on the above criteria, 
choose a site with the most potential project effects 

 Size of Modeled Area 

 Each modeled site will: 

 have an area that ranges from a minimum of approximately 250 m2 (i.e., small 
streams) to a maximum of approximately 5,000 m2 (i.e., larger rivers)  

 have a data point density appropriate for the hydraulic modeling requirements 
and calibration in FYLF breeding areas to meet standard acceptable 2-D 
modeling error 

 
To the extent reasonable, FYLF 2-D habitat modeling sites will be co-located with other 
relicensing study sites. 
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5.3.2 Step 2 – Survey Channel Geometry and Map Substrate 
 
Topographic and hydraulic data for each study site will be collected during summer and fall 
2012, as described below. 
 
5.3.2.1 Bed Topography 
 
Vertical and horizontal data will be collected by standard differential (X-Z) and coordinate plane 
(X-Y) survey techniques. A robotic total station and a manual total station survey instrument will 
be used with temporary vertical and horizontal benchmarks to measure channel topography and 
water surface elevations (WSE).  Streambed elevations will be measured well above the ordinary 
high water level at each 2-D site. 
 
Study site boundaries will be fixed and delineated with a cross-sectional transect and marked 
with a handheld Global Positioning System (GPS) instrument.  The downstream boundary of the 
2-D site will serve as the primary location to measure changes in river stage relative to stream 
discharge. 
 
Topographic data will be collected at a data point density appropriate for the hydraulic modeling 
requirements and calibration in FYLF breeding areas to meet standard acceptable 2-D modeling 
error.  Data point density will range from 0.5 meters (m) by 0.5 m in the near-shore areas where 
FYLF habitat is likely to occur, to point densities of approximately 2 m by 2 m in simple mid-
channel or floodplain areas.  In areas of low habitat quality, such as deep pools and in 
infrequently inundated and high-bank zones, topographic point densities may exceed 2 m by 2 m. 
 
Remote Sensing Methods 
 
The following description is only applicable in the event that remote sensing is the preferred 
method for topographic suvey for a particular site.  A decision on whether to use remote sensing 
will be made by LicenseeYCWA once the 2-D FYLF study sites are identified.   For such a site, 
the River 2-D model will be developed from a combination of aerial and ground surveys of the 
river valley.  The site will be flown to collect imagery used to produce a photogrammetric survey 
of the entire channel width extending upstream and downstream well beyond the delineated 
boundaries.  Portions of the channel that may be submerged or out of view due to vegetation 
coverage, shadow, or other reasons will be surveyed on the ground as described above.  
Supplemental ground suveys will also capture the top of bank, channel toe, and channel thalweg. 
 
The control for both the photogrammetry and the ground survey will be based on an appropriate 
numbr of geo-referenced benchmarks for the size and configuration of the site.  The horizontal 
datum for the control will be NAD 83 (ft) California State Plane 2 coordinates and the vertical 
datum will be NAVD 88 (ft). 
 
5.3.2.2 Substrate Mapping 
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Substrate will be delineated based on the categories listed in Table 5.3.2-1, which correspond to 
substrate class codes standard to FYLF habitat use data collection (Seltenrich and Pool 2002).  
Using coordinate plane survey techniques (X-Y) and referencing the site’s horizontal benchmark 
grid, field crews will collect substrate data as distinct polygons to cover the entire area of the 2D 
site.  Polygons will delineate areas primarily composed of a single, dominant (> 50%) substrate 
category.  Substrate data for each polygon will also include the percent coverage represented by 
the dominant substrate and the presence of a secondary (subdominant) substrate type.  These data 
will be recorded with an “a, b, c” coding system.  The “a” value will represent the code number 
for the dominant particle size and “b” will represent the subdominant particle size code.  The 
percent of polygon area covered by the most dominant substrate will be represented by “c”.  For 
example, the code “34.6” describes a substrate polygon composed of 60% gravel (code 3) with 
cobble (code 4) as the subdominant particle size.  The use of a Trimble S-6 robotic total station 
with a survey controller will allow field personnel to track polygon coverage and insure that each 
topographic data point has a corresponding dominant/subdominant substrate code value. 
 
Table 5.3.2-1.  FYLF 2D Model substrate size  

Code Category Particle Size (mm) Particle Size (in) 
1 Silt/Clay/Mud -- -- 
2 Sand < 2 < .08 
3 Gravel 2 – 64 0.08 - 2.5 
4 Cobble 64 – 256 2.51 - 10.07 
5 Boulder > 256 > 10.07 
6 Bedrock -- -- 
7 Other -- -- 

 
 
5.3.2.3 FYLF Occurrence Mapping 
 
The topographic survey of each 2D study site will include locations of FYLF egg masses or 
tadpoles (individuals or tadpole groups) that were documented during performance of Study 3-4 
(FYLF Surveys) as well as those found during 2D data collection.  As stated in Study 3-4, egg 
masses found during surveys will be recorded by GPS (ideally, Map Grade Trimble GPS) and 
flagged, photographed, and/or described sufficiently so that egg mass locations can be re-
surveyed if the site is used for the performance of Study 3-5, Special-Status Amphibians – 
Foothill Yellow-Legged Frog Habitat Modeling.  Tadpole locations will also be recorded by Map 
Grade Trimble GPS.   
 
5.3.3 Step 3 – Collect Hydraulic Measurements 
 
Water surface elevation (WSE), discharge, and spot validation depths and velocities will be 
collected at each FYLF 2-D model site at three calibration flows.  These hydraulic parameters 
will be measured using a combination of standard methods and techniques described below. 
 
Validation spot velocities and WSE measurements will span the entire longitudinal profile of the 
FYLF 2-D model site.  Discharges will be measured according to standard United States 
Geological Survey (USGS) methods with a minimum of 20 cells per cross section (Rantz 1982).  
Hydraulic data collection methods may vary somewhat between study reaches, depending on 
hydraulic and channel variations. 
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5.3.3.1 Target Calibration Flows 
 
The target calibration flow is the discharge released at the control point (i.e., Project dam or 
diversion), whereas the measured calibration flow represents the actual volume of water that 
reached the FYLF 2-D model site as measured with a calibrated flow meter.  The source of any 
differences between target and measured flows primarily depended on the accuracy of flow 
control at the upstream control point and intervening accretion between the control point and the 
FYLF 2-D model site. 
 
The target calibration flows selected for each 2-D stream reach will be the same as those selected 
for the one-dimensional (1-D) study at that stream reach (see LicenseeYCWA’s Instream Flow 
Study Proposals). 
 
5.3.3.2 Discharge and Water Surface Elevation 
 
Stage/discharge measurements will be obtained at the three calibration flows to assess the 
relationship between stage and discharge at the bottom of the FYLF 2-D model site.  Discharge 
through the site will be measured using Swoffer brand calibrated manual velocity meters at an 
appropriate cross section near the upstream end of the 2-D site.  Swoffer meters are accurate at 
velocities ranging from 0.1 to 25.0 feet per second (fps). 
 
5.3.3.3 Validation Depths and Velocities 
 
At each calibration flow, depths and mean column velocities will be collected at spot locations 
throughout the wetted channel using a calibrated velocity meter mounted on a USGS top-set 
wading rod.  All spot depths and velocities will be spatially referenced to the site grid using a 
total station and covered the entire longitudinal profile of the site.  Starting at the downstream 
site boundary, crews will take approximately 4 to 8 depth and velocity measurements across the 
width of the wetted channel.  Field crews will progress upstream until they reach the inflow 
boundary of the 2-D site.  The longitudinal spacing between spot cross-section measurements 
will vary by site but will generally be 30 feet or less.  The goal will be to collect at least 100 
individual spot measurements per calibration flow. 
 
5.3.4 Step 4 – Develop Habitat Suitability Criteria 
 
Habitat Suitability Criteria (HSC), or indices, define the range of conditions that a particular 
species lifestage is known to inhabit.  Variables defined with FYLF HSC curves include depth, 
mean column velocity, and bottom substrate.  HSC values range from 0 to 1.0, indicating habitat 
conditions that are unsuitable to optimal, respectively, for a species/lifestage.  The HSC provide 
the biological criteria input into the hydraulic model that converts physical habitat simulation 
data into Weighted Usable Area (WUA) or a suitable habitat index for evaluation of various flow 
scenarios on the particular species and lifestage(s) of interest.  
 
LicenseeYCWA will use the same FYLF HSC that are included in Nevada Irrigation District 
application filed with FERC for a New License for the Yuba-Bear Hydroelectric Project and by 
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Pacific Gas and Electric Company application filed with FERC for a New License for its Drum-
Spaulding Project (PG&E 2011). 
 
HSC data collected for FYLF egg mass and tadpole observations in Oregon Creek will be 
reviewed to determine if unique HSC curves should be applied to FYLF populations in this 
smaller stream system.    
 
5.3.5 Step 5 – Hydraulic and Habitat Modeling 
 
Hydraulic modeling for all 2D reaches will be conducted using the River2D model (University of 
Alberta 2002).  The main input parameters for the River2D model are channel surface 
topography, bed roughness (in the form of an effective roughness height), upstream and 
downstream hydraulic boundary conditions (water levels or flow magnitude), eddy viscosity, and 
initial inflow water surface elevation.  The output from a simulation includes water depth, water 
surface elevation, stream velocity, shear velocity, and unit discharge at each mesh node.  
Velocity magnitude is found by dividing the unit discharge by depth.  All output data from 
River2D will be post-processed, analyzed, and presented in various graphical formats. 
 
A single River2D mesh at the middle calibration flow will be used to calibrate the model for the 
range of discharges.  Calibrating from the middle flow produced the least bias when modeling to 
the highest and lowest flow of interest.  Unless otherwise decided in consultation with 
Relicensing Participants, the LicenseeYCWA will use the middle flow mesh for ease of 
comparison and habitat analysis.  
 
Two-dimensional hydraulic models will be calibrated in consultation with Relicensing 
Participants.  LicenseeYCWA will use a stage-wise approach with target criteria for model 
performance.  The five stages are as follows:  
 
5.3.5.1 Stage I:  Bed Roughness (Ks) Parameter Calibration Procedures 
 
Ks will initially be defined as about the D100 (in meters) of bed material observed in the channel 
and 1 to 2 times D100 in densely vegetated areas.  The term Ks is scientific notation for bed 
roughness factor and the term D100 refers to gradation of material in the river.  D100 represents 
the largest grain size found in the river (100 percent of the rocks in the river would be that size or 
smaller); in the study reach it represents a cobble of size 0.2 meters. 
 
Ks will be varied as necessary to match observed water surface elevations using the default 
transmissivity of TR=0.1. 
 
The sensitivity of the model to the Ks parameter may be limited by the mathematical description 
of bed roughness in the model (see page 23 of the River2D model documentation).  If this limit 
is surpassed during the calibration process, Ks will be defined as the lowest value tested before 
sensitivity is lost.  An optimal value of Ks will be chosen for the study reach based on the results 
from all three calibration flow scenarios. 
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5.3.5.2 Stage II:  Transmissivity (TR) Calibration Procedures 
 
If variation of the Ks parameter is not sufficient to match observed water surface elevations, the 
transmissivity will be adjusted in an attempt to improve the correlation with observed data. 
 
The optimal Ks parameter will be used during transmissivity calibration tests. 
 
A minimum value of TR=0.001 will be used in the calibration tests to maintain stability of the 
model. 
 
5.3.5.3 Stage III:  Model Performance Check 
 
Based on the model calibration procedures described above, differences (averaged across all 
nodes) between the modeled and observed data points will be calculated for water surface 
elevation, depth, and velocity.  These differences will be tabulated and evaluated for 
reasonableness.  In addition, observed and modeled water surface elevations, depths, and 
velocities for the low, medium, and high calibration flows will be plotted.  Modeled and 
observed water surface long profiles of the 2D site will also be plotted. 
 
5.3.5.4 Stage IV:  Identification of Data Outliers in Calibrated Model 
 
Data outliers in the model will generally defined as those sample points where the differences 
between observed and the modeled parameter (WSE, depth, or velocity) are greater than twice 
the average difference magnitude of all points measured for a particular flow scenario.  Nodes 
that meet these criteria for any parameter of WSE, depth, or velocity will be tabulated and 
graphed for evaluation.  The identification of outliers will be more for understanding the limits 
and peculiarities of the model results and whether outliers occurred in optimum habitat areas, 
rather than for direct model calibration. 
 
5.3.5.5 Stage V:  Selection of Model Simulation Flows  
 
Once hydraulic calibration is complete hydraulic models will be run initially at five flows; the 
low, middle, and high calibration flow, 40 percent of the low calibration flow, and 250 percent of 
the high calibration flow.  Flow versus habitat relationships will be generated at these flows to be 
used in collaboration with the Relicensing Participants to determine what range of additional 
flows will need to be modeled. 
 
5.3.6 Step 6 – Prepare Report 
 
LicenseeYCWA will prepare a study report that includes both modeling procedures and habitat 
results.  Habitat model outputs and analyses will include tabular summaries of WUA, effective 
WUA in tabular and graphical formats, and graphics of changes to suitable depth and velocity 
nodes under various flow conditions. In addition, planform maps displaying areas of suitable 
habitat will also be provided.  
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LicenseeYCWA’s study report will include the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  LicenseeYCWA plans to make the report 
available to Relicensing Participants when completed.  The report will be included in the License 
Application as appropriate. 
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the LicenseeYCWA will consult with the Relicensing 
Participants: 
 
● LicenseeYCWA, with at least 2 week advance notice, will invite interested Relicensing 

Participants into the field to comment on study sites.  This will include placement of a model 
site on the North Yuba River from New Bullards Bar Dam to the confluence with the Middle 
Yuba River or Yuba River to New Colgate Powerhouse.  If Relicensing Participants 
collaboratively agree that a second site is needed to assess flow-habitat relationships 
downstream of New Bullards Bar Dam, LicenseeYCWA will add this site at a collaboratively 
n agreed-upon location.  At least 2 weeks in advance of the field visit with interested 
Relicensing Participants, LicenseeYCWA will identify preliminary 2-D sites and provide 
Relicensing Participants with written materials including maps and technical rationale for the 
preliminary sites.  It is anticipated the site visit will occur in fall 2012. 

● LicenseeYCWA will consult with the Relicensing Participants during hydraulic and habitat 
modeling.  Relicensing participants will be consulted in each of the 4 stages described in 
Section 5.3.5 above.  

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency.  Note that this study must follow the Special-Status Amphibians – Foothill 
Yellow-Legged Frog Surveys Study (Study 3.4), because that study will identify where FYLF 
breeding occurs, from which model sites will be selected: 
 
Study Site Selection (Step 1)3 ................................................................. September – October 2012 
Field Work (Steps 2 & 3) ........................................................... November 2012 2011 – June 2013 
Data Entry, QA/QC, & Analysis (Step 4) .......................................................... May – August 2013 
Report Preparation (Step 5) .................................................................... September – October 2013 
 

                                                 
3  Site selection for Oregon Creek would occur September-October 2011 if FYLF surveys detect evidence of breeding in the 

reach. 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $340,000 
and $460,000. 
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Study 3.6 

SPECIAL-STATUS TURTLES –  
WESTERN POND TURTLE 

AprilAugust 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to affect the special-
status1 turtle (Class Chelonia), western pond turtle (WPT) (Actinemys [formerly Emys or 
Clemmys] marmorata), which is considered a Forest Sensitive Species by the United States 
Department of Agriculture Forest Service (Forest Service), and a Species of Concern by the 
California Department of Fish and Game (CDFG). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over special-status turtles in the geographic 
area covered in this study proposal:  1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction, as understood by YCWA at this time, is discussed 
below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
 

                                                 
1  Special-status reptiles are considered those species: 1) found on National Forest System land and formally listed by the United 

States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the 
federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for 
delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or 
proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. For the 
purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 

 
The goal of this study is to provide information to the Relicensing Participants concerning the 
special-status turtle, WPT, associated with the Project reservoir, Project-affected stream reaches, 
and related Project recreation features or activities. 
 
The specific objectives of this study are to collect information to meet the goal including: 
 
 Identify, compile, and map known occurrences of WPT, including life history stage and 

associated habitat information as available.  At a minimum, produce a map of known 
occurrences with a supplemental table that includes information on the exact location, date 
found, how many individuals (if available), and the source of the sighting (museum database, 
agency record, etc.). 

 Identify habitats in the study area potentially suitable for WPT, including potential nesting 
habitat, and evaluate the suitability of these habitats for the species. 

 Perform biological surveys in suitable habitats where there is a project nexus.  

 Compile incidental observations of WPT and other aquatic special-status species and non-
native amphibians, turtles, and crayfish from other aquatic studies. 

 Provide information that can be used to develop PM&E measures. 
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4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of WPT 
in the Project Vicinity2 is available from California Natural Diversity Database (CNDDB), 
museum records, and other sources.  WPT is the only special-status turtle in the area (there are 
no special-status reptiles, i.e., Class Reptilia, snakes and lizards, in the area).  This information 
and a life history description of WPT included in Section 7.3 of YCWA’s Pre-Application 
Document (YCWA 2010) are useful in identifying preferred habitats and documenting where 
WPT has been found to date.  Table 4.0-1 summarizes habitat requirements of WPT by life 
stage. 
 
Table 4.0-1.  Western pond turtle habitat requirements by life stage. 

Eggs1 Hatchling Turtles1 Adults1 
Upland, low gradient slopes (less than 15 
degrees) with high clay or silt content in 
the vicinity of aquatic habitats.  Eggs are 
deposited in a shallow excavation (“nest”) 
in a dry location in summer.  Nests are 
typically located on an unshaded slope 
that may be partly south-facing. 

Hatchlings emerge from nests in spring. 
Require shallow water with dense 
submergent vegetation or short emergent 
vegetation. 

Permanent ponds, lakes, reservoirs, low-flow 
regions of rivers, river side channels, and 
backwater areas. Isolated occurrences in lakes and 
reservoirs sometimes represent deliberate releases 
of pets. May also use seasonal streams or ponds 
when these are available. The presence of basking 
sites is important and these may be provided by 
emergent large woody debris, overhanging 
vegetation, rock outcrops, and mats of 
submergent vegetation. Deep pools and undercut 
banks may represent overwintering refugia.  
Often aestivate or overwinter in terrestrial 
habitats, including forests and riparian thickets, 
where they burrow in leaf litter. 

1 Sources of information: Holland 1991, Rathbun et al. 1992, Jennings and Hayes 1994, Ashton et al. 1997, Buskirk 2002. 

 
 
WPT is a habitat generalist occurring in a wide variety of aquatic habitats with still- or slow-
moving water up to about 6,000 feet (ft) elevation; the species is uncommon in high-gradient 
streams (Jennings and Hayes 1994).  Adult WPT have been documented traveling long distances 
from perennial watercourses for both aestivation and nesting, with long range movements to 
aestivation sites averaging about 820 ft and nesting movements averaging about 295 ft (Rathbun 
et al. 2002).  Reese and Welsh (1997) documented WPT away from aquatic habitats for as much 
as 7 months per year and suggested that terrestrial habitat use was at least in part a response to 
seasonal high flows.  Reese (1996) observed that juvenile WPT basked at stream sites with lower 
flows than adults, and occurred disproportionately at ponds. 
 
WPT breeding activity may occur year-round in California, but egg-laying tends to peak in June 
and July in colder climates, when females begin to search for suitable nesting sites upslope from 
water.  During the terrestrial period, Reese and Welsh (1997) found that radio-tracked WPT were 
burrowed in leaf litter. 
 

                                                 
2  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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Introduced species of turtles (e.g., red-eared sliders [Trachemys scripta]) may out-compete WPT 
for basking sites and the American bullfrog (Lithobates catesbeianus) [formerly Rana 
catesbeiana] is known to consume hatchling WPT.  WPT has been adversely affected by habitat 
alteration throughout the species’ range, including the widespread loss of lowland wetlands to 
agricultural and urban development (Bury and Germano 2008).   
 
There are numerous reports of WPT in the Project Vicinity including records at New Bullards 
Bar Reservoir, several locations near tributaries of Grizzly Gulch, a tributary of Oregon Creek, 
two locations about 2 mi SE of New Bullards Bar Dam near Little Willow Creek (tributary of 
Middle Yuba), and from north of Jones Bar.  Most of the locations are evidently ponds.  Lind 
(personal communications) has observed WPT in Oregon Creek above the Log Cabin Diversion 
Dam impoundment and Teater (personal communication) has observed WPT at the 
impoundment.  A juvenile WPT was also found in a puddle near the impoundment during field 
reconnaissance for YCWA’s Study 3.4.  There were no detections of WPT during basking site 
surveys at Our House Diversion Dam Impoundment in 2010, but one adult WPT was observed at 
a survey site 3.5 miles upstream of the impoundment (PG&E and NID 2010).  YCWALicensee 
reviewed occurrences from CDFG’s CNDDB (CDFG 2003), the Tahoe National Forest (TNF) 
(GIS data and Access database), on-line museum record data (CAS 2010, MVZ 2010), and 
Vindum and Koo (1998). 
 
In most cases, existing information is too general to meet the objectives of the study.  Additional 
information needed includes specific and current localities of each of the species and their 
habitats in relation to Project facilities; and sufficient information on normal Project O&M 
activities that might affect populations. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area for mapping (Section 5.3.2) consists of aquatic habitats within the existing FERC 
Project Boundary and stream reaches affected by the Project up to 0.5 mile from the normal 
maximum water surface elevation of Project reservoirs and normal high water line of Project-
affected stream reaches.  Areas to be considered for WPT surveys (Section 5.3.3) will be 
confined to habitat inside the Project Boundary.  Stream reaches potentially affected by the 
Project include: 1) the Middle Yuba River from and including Our House Diversion Dam 
Impoundment to the confluence with the North Yuba River, ; 2) Oregon Creek from and 
including the Log Cabin Diversion Dam Impoundment to the confluence with the Middle Yuba 
River, ; 3) the North Yuba River from and including New Bullards Bar Dam Reservoir to the 
confluence with the Middle Yuba River, ; and 4) the Yuba River from the confluence of the 
North and Middle Yuba rivers to the United States Army Corps of Engineer’s (USACE) 
Dauguerre Point Dam.  The mainstem of stream reaches are included in the study area. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be completed in seven steps, each of which is described below. 
 
Prior to conducting field work, YCWALicensee will obtain necessary CDFG scientific collection 
permits. 
 
5.3.1 Step 1 – Map Occurrences 
 
YCWALicensee will map known occurrences of WPT based on a query of the CNDDB, agency 
records, museum records, and consultation with regional experts.  The map will be supplemented 
with a table that includes information on the exact location, date found, how many individuals (if 
available), and the source of the sighting (e.g., museum database and , agency records, etc.).  
 
5.3.2 Step 2 – Identify and Map Potential Habitat 
 
YCWALicensee will review existing and readily available sources to identify areas of potentially 
suitable aquatic habitat and nesting habitat for WPT based on the description of habitat elements 
presented in Table 4.0-1.  Data sources may include aerial photographs, the Project helicopter 
video, National Wetland Inventory maps, United States Geological Survey (USGS) 1:24,000 
topographic quadrangle, hydrologic data, and other sources of information that would allow for 
assessment of habitat conditions within the study area.  Potential WPT nesting or oviposition 
habitat will be identified and mapped in GIS based on certain attributes associated with known 
WPT nest sites, including distance from aquatic habitats, percent slope, aspect, and soil type 
(Holland 1991, pers. comm., Don Ashton, USFS).PG&E and NID 2008).  The mapping criteria 
are defined as follows: 
 
 Within 100 m of the project reservoir and other water bodies associated with the Project 

 Slope of 2 to 15 degrees 

 Southeast, south or southwest aspect  

 Canopy cover of less than 10 percent 

 Compacted soils of clay or loam (this criterion will be used if suitable soil maps exist) 
 
A field reconnaissance may be conducted at specific locations to assess onsite habitat conditions 
if other data sources are not adequate to this purpose.  Sites will be logged by GPS position, 
photographs will be taken of each site from various angles, and a preliminary habitat assessment 
will be conducted.  Pertinent habitat characteristics to be recorded will include habitat type, 
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hydrologic regime, vegetation types (e.g., aquatic, emergent, overhanging, and canopy), gradient, 
aquatic substrate, and stream channel form. 
 
5.3.3 Step 3 – Select Survey Sites 
 
Based on the results of Step 2, a representative set of sites with potentially suitable aquatic 
habitat inside the Project Boundary will be selected for surveys.  Preliminary analysis of aerial 
photographs and discussion with Relicensing Participants indicates that habitats which merit 
surveys occur at Our House Diversion Dam and Log Cabin Diversion Dam impoundments, and a 
few locations at New Bullards Bar Reservoir.  The selection of survey sites will take into account 
site-specific conditions, including safety, accessibility (i.e., road or trail access, topography), 
permission from landowners to survey on private lands, and potential impact from Project O&M.  
To the extent reasonable, WPT survey sites will be co-located with other relicensing study sites.  
YCWALicensee will consult with interested and available Relicensing Participants regarding 
sampling locations.  YCWALicensee will make a good faith effort to schedule the consultation 
on a day or days convenient to YCWALicensee and interested Relicensing Participants, and will 
provide an email notice at least 14 days in advance of the meeting or site visit.  If collaborative 
agreement is not reached on sites, YCWALicensee will note the disagreements in its final report, 
including why YCWALicensee did not adopt the recommendation. 
 
5.3.4 Step 4 – Conduct Surveys and Compile Incidental Observations 
 
The distribution of WPT will be evaluated by two means: 1) visual surveys at selected, suitable 
sites within the Project Boundary, as described in Step 3, ; and 2) compilation of opportunistic 
observations incidental to the performance of other field studies for the relicensing (e.g., foothill 
yellow-legged frog surveys, California red-legged frog site assessments, fish surveys, botanical 
surveys, etc.).  Incidental observations of turtles will include identification (i.e., WPT, exotic 
species, such as red-eared slider, or “unknown species”), estimated size, turtle behavior (e.g., 
basking on log), location, time, and a brief description or photograph of the habitat. 
 
In general, incidental observations of WPT are most likely to occur during studies that involve 
quiet observation (e.g., scanning a site with binoculars), snorkeling, rafting or boat work 
associated with deep pools and backwaters.  Turtles may also be observed when a site is first 
approached (WPT typically dive from basking sites when approached even at a long distance, 
Holland 1991, Reese, undated) or on roads when turtles make overland movements.  Personnel 
across studies will be trained in how best to observe and capture WPT while pools are being 
snorkeled for fish.  Field crews will also be instructed to document skeletal remains and evidence 
of WPT nests, such as the scrapes produced by females when digging nest-holes, signs of nests 
opened by predators, and remnants of hatched eggshells. 
 
Visual surveys for WPT are adapted from USGS (2006) and will be supplemented by 
deployment of artificial basking platforms at survey sites where appropriate (Alvarez 2006).  The 
use of basking platforms is an efficient and effective technique that has been shown to 
substantially increase detection rates (Alvarez 2006).  Surveys will be conducted at a time of day 
and under weather conditions when turtles are likely to be basking (e.g., sunny mornings May-
July).  Sites will be initially searched by binoculars from a distance to identify potential basking 
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locations, such as sunlit rocks, logs, exposed banks, and floating vegetation.  If turtles are 
observed, the species, number, and relative size of turtles will be recorded.  The observer will 
then slowly and quietly approach the site, assume a suitable viewing position, and continue to 
scan the site for at least 30 minutestwo hours, focusing on basking sites and the surrounding 
water. If turtles of any species are detected at a survey site, the survey will be extended up to one 
additional hour to obtain behavioral data.  Splashes of water that may signify a turtle entering the 
water will be noted. The length of time devoted to scanning each site will be recorded; and the 
locations of turtle sightings and possible evidence of turtles, including splashes, and locations 
where photographs are taken will be marked on a sketch of the site.  Observers will also identify 
locations where the addition of artificial basking platforms may increase the likelihood of turtle 
detections.  Artificial basking platforms will be placed at survey sites in suitable open water 
areas where potential basking substrates are scarce or obscured by vegetation.  Each floating 
platform will consist of a rectangular wood board or cellular polystyrene (Styrofoam) panel 
covered with artificial grass (“astro-turf”); additional floatation at one end; and a tethered 
concrete anchor (Alvarez 2006).  Platforms will be left in place for 5-7 days to allow turtles to 
become acclimated and adopt platforms for basking.  Sites will then be surveyed again for 
basking turtles. 
 
Survey sites at the Our House Diversion Dam and Log Cabin Diversion Dam impoundments will 
each be surveyed on at least 3 occasions, with at least 2 of the survey visits occurring during the 
spring/early summer period when water is being diverted into the tunnels.  If WPT is detected 
during a survey at either impoundment, the observer will note the location of the WPT in relation 
to the diversion tunnel intakes.  Additionally, if WPT is found during the third survey at either 
impoundment (and WPT was not observed in prior surveys), a follow-up survey will be 
conducted at that location.   
 
Where WPT is found, the following data will be collected: presence and name of exotic plant 
species; presence of exotic turtles or bullfrogs; percent overhead canopy; percent submergent and 
emergent vegetation; type of upland and riparian vegetation community; presence and type of 
potential aquatic refugia (undercut banks, submerged tree roots, woody debrismaterial, rock 
crevices, aquatic submerged vegetation, emergent vegetation, and floating material); and 
presence and type of any recent site disturbance.  At the beginning of each survey the following 
data will be recorded: date, observer, time, general weather description, ambient air temperature, 
average wind speed, water temperature, and estimated water velocity.  Changes in weather 
conditions during surveys that could affect turtle detection (e.g., increased cloud cover or wind) 
will be noted.  All survey sites will be photographed from multiple vantage points and the 
following information recorded: presence or absence of slow moving water and water depths ≥ 
0.5 m; quantity (none, few, or many) and types of basking sites (sunny rocks, open banks, fallen 
logs, and other); aquatic and streamside refugia, and upland habitat. 
 
Survey sites for WPT will be assessed for the presence of American bullfrog by listening for 
calls, scanning suitable areas with binoculars or spotting scope for egg masses and basking frogs, 
and looking in shallow edges for larvae.  After a site has been surveyed for WPT from a 
stationary position, at least one observer will walk along the shoreline listening and scanning 
ahead for jumping frogs - juvenile American bullfrogs often vocalize as they jump in alarm.  If 
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site conditions warrant, aquatic funnel traps (“minnow traps”) may also be deployed to verify the 
presence of American bullfrog larvae. 
 
This study is not specifically designed to trap or capture WPT or other turtles. observed at 
basking sites.  However, active searches for juvenile WPT will be performed by hand or careful 
use of dipnets in suitable habitats (e.g., vegetated shallow edgewater) if such habitats occur at the 
Our House Diversion Dam and Log Cabin Diversion Dam impoundments.  In addition, capture 
of individual turtles may be attempted when a turtle is observed during this or other studies, 
capture may be attempted if feasible and without injuring or unduly stressing the animal.  
Opportunistic capture may occur during snorkeling work, when turtles are found in shallow 
water, or on land.  Turtles that are captured will be measured (amphibian and turtle study teams 
to use calipers; other study teams to use a ruler and photographed next to a ruler.  Captured 
turtles will be categorized by sex (if determinable) and photographed in dorsal (carapace) and 
ventral (plastron) view alongside a ruler for later measurements and estimating age (counting 
scutal rings). 
 
5.3.5 Step 5 – Prepare, Format and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWALicensee will develop GIS maps depicting WPT occurrences, 
potential habitat, project facilities and features, and other information collected during the study.  
Field data will then be subject to quality assurance and quality control (QA/QC) procedures, 
including spot-checks of transcription and comparison of GIS maps with field notes. 
 
5.3.6 Step 6 – Collaborate Regarding Need for, and Scope of if Needed, Focused 

Studies in Second Year 
 
YCWALicensee will meet with interested and available Relicensing Participants no later than 6 
weeks prior to the date that YCWALicensee’s Initial Study Report is scheduled to be filed with 
FERC to review data available from the study at that time and discuss the need for and scope of 
additional limited scope WPT studies.  For example, if the study documents potential nesting 
habitat and/or suitable aquatic habitats but no WPT are found, additional surveys may be needed.  
In addition, if available data suggest that WPT nesting sites might be affected by the Project or if 
WPT are found in close proximity to diversion tunnel intakes, radio-tagging WPT might be 
considered.  If YCWALicensee and Relicensing Participants collaboratively agree focused 
studies are needed in the second year of studies, YCWALicensee and Relicensing Participants 
will collaboratively develop a new study proposal and YCWALicensee will file it with FERC 
prior to or at the time the Initial Study Report is filed, and implement the study as directed by 
FERC.  It is understood that the result of this collaboration could result inbe an agreement to 
disagree, which would also complete this task. 
 
5.3.7 Step 7 – Prepare Report 
 
YCWALicensee will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  At a minimum, the following summaries/data 
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presentations will be provided in the report with the supporting data (in Excel spreadsheet and 
GIS layers, as appropriate):   
 
 Numbers of WPT detections by life stage (e.g., juvenile or adult) in the Project reservoir, 

Project-affected streams, or other study locations 

 Maps of and descriptive information on the occurrence of potential WPT nesting habitat 
within the study area 

 Maps of and descriptive information on the occurrence of potential WPT aquatic habitats 
within the study area 

 
For all special-status species observations, YCWALicensee will complete the appropriate 
CNDDB form and transmit the form to the CNDDB. 
 

6.0 Study-Specific Consultation 
 
YCWALicensee will engage in the following study-specific consultation: 
 
 YCWALicensee will consult with interested and available Relicensing Participants regarding 

sampling locations.  YCWALicensee will make a good faith effort to schedule the 
consultation on a day or days convenient to YCWALicensee and interested Relicensing 
Participants, and will provide an email notice at least 14 days in advance of the meeting or 
site visit.  If collaborative agreement is not reached on sites, YCWALicensee will note the 
disagreements in its final report, including why YCWALicensee did not adopt the 
recommendation.  (Step 3.) 

 YCWALicensee will meet with interested and available Relicensing Participants no later 
than 6 weeks prior to the date that YCWALicensee’s Initial Study Report is scheduled to be 
filed with FERC to review data available from the study at that time and discuss the need for 
and scope of additional limited scope WPT studies.  If YCWALicensee and Relicensing 
Participants collaboratively agree focused studies are needed in the second year of studies, 
YCWALicensee and Relicensing Participants will collaboratively develop a new study 
proposal and YCWALicensee will file it with FERC prior to or at the time the Initial Study 
Report is filed, and implement the study as directed by FERC.  It is understood that the result 
of this collaboration could result inbe an agreement to disagree, which would also complete 
this task. (Step 5). 

 

7.0  Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency 
 
Identify and Map Habitat, and Select Survey Sites (Steps 1-3) ............. October 2011 – April 2012 
Conduct Surveys (Step 4) ............................................................................. May 2012 – July 2012 
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QA/QC (Step 5) ............................................................................................................ August 2012 
Report Preparation (Step 6)  .................................................................... August – September 2012  

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
This study is generally consistent with the goals, objectives, and methods outlined for recent 
FERC hydroelectric relicensing efforts in California, and uses well established data from CDFG 
and other reputable sources for the analysis. 
 

9.0  Level of Effort and Cost 
 
YCWALicensee estimates that the cost to complete this study in 2011 dollars is between $95,000 
and $130,000. 
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Study 3.7 

RESERVOIR FISH POPULATIONS 
April August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish 
populations in reservoirs.   
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that four agencies have jurisdiction over fish in the geographic area 
covered in this study proposal:  1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 
4) State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
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consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWALicensee found multiple sources of information regarding fisheries resources within New 
Bullard’s Bar Reservoir and United States Army Corps of Engineer’s (USACE) Englebright 
Reservoir during research conducted in support of the Pre-Applictaion Document.  California 
Department of Fish and Game (CDFG) stocking records, recreational fishing reports, and fish 
population surveys conducted in these reservoirs have identified numerous species that currently 
or historically existed in the reservoirs.  Based on review of this information none of the species 
that are known to currently occur in the reservoirs area are listed under the federal or State of 
California Endangered Species Acts.  Hardhead are the only special-status species (a California 
Species of Concern and Forest Service Sensitive Species) known to be present in Englebright 
Reservoir (J. Rowan, pers. comm., 2011).  
 
Recreational angling and CDFG records (stocking and fish population surveys) have provided 
some information on fish species in New Bullard’s Bar and USACE’s Englebright reservoirs; a 
list of known game species that occur within these reservoirs based on this information is 
presented in Table 3.0-1 below.  
 
Table 3.0-1.  Game fish species known to occur in New Bullard’s Bar Reservoir and USACE’s 
Englebright Reservoir based on recreational fishing reports.   

Family 
Common Name/  
Scientific Name 

New Bullard’s Bar Reservoir 
USACE’s Englebright 

Reservoir 

Salmonid 

Rainbow Trout/ 
Oncorhynchus mykiss 

X X 

Brown Trout/ 
Salmo trutta 

X X 

Kokanee/ 
Oncorhynchus nerka 

X X 

Sunfishes 

Largemouth Bass/ 
Micropterus salmoides 

X X 

Smallmouth Bass/ 
Micropterus dolomieu 

X X 

Spotted Bass/ 
Micropterus punctulatus 

X X 

Red Ear Sunfish/ 
Lepomis microlophus 

X X 

Crappie/ 
Pomoxis spp. 

X X 

Bluegill/ 
Lepomis macrochirus 

X X 

Catfishes 
Channel Catfish/ 

Ictalurus punctatus 
X X 

Source: Fishsniffer.com 2009; CDWR 2006 

 
 
CDFG has conducted surveys of fish in old and New Bullard’s Bar reservoirs since the 1950s.  A 
1959 survey of fish species in the old Bullard’s Bar Reservoir found 12 species of fish including 
bass, crappie, sunfish, bluegill, bullhead, shiners, Sacramento pikeminow (Ptychocheilus 
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grandis), sucker, and carp species.  A subsequent summary report for CDFG fish survey 
activities in the reservoirs from 1959 through 1974 identified 16 species of fish as relatively 
common in the reservoirs, including smallmouth and largemouth bass, black crappie (Pomoxis 
nigromaculatus) white crappie (Pomoxis annularis), warmouth (Lepomis gulosus), green sunfish 
(Lepomis cyanellus) red-ear sunfish, bluegill, brown bullhead (Ameiurus natalis), Sacramento 
pikeminow, Sacramento sucker (Catostomus occidentalis), common carp (Cyprinus carpio), 
rainbow trout, and Kokanee salmon (CDFG 1974).  Brown trout and white catfish (Ameiurus 
catus) are noted as rare occurrences.  Channel catfish, threadfin shad (Dorosoma petenense), and 
fathead minnow (Pimephales promelas) were reportedly planted by CDFG in the reservoir prior 
to 1960, but were not captured during any surveys.  Golden shiners (Notemigonus crysoleucas) 
were observed only in 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  The first 
documented CDFG capture of trout was reported in 1970 (CDFG 1963, 1970).  Kokanee salmon 
were first documented during CDFG survey efforts in 1972 (CDFG 1963, 1970, 1972). 
 
Creel surveys conducted from July 2003 through May 2004 documented 12 sport fish species in 
USACE’s Englebright Reservoir, including spotted bass, smallmouth bass, largemouth bass, 
bluegill, brown trout, rainbow trout, carp, channel catfish, crappie, Kokanee, sucker, yellow 
perch (Perca flavescens), and Sacramento pikeminnow (CDWR 2006b). 
 
New Bullard’s Bar Reservoir has a long history of annual fish stocking activities by CDFG 
dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  Based on actual CDFG 
stocking records, between 1969 and 2007 over 4.9 million Kokanee salmon, nearly 1.6 million 
rainbow trout, over 310,000 Eagle Lake rainbow trout, 40,000 brook trout (Salvelinus fontinalis), 
200 eastern brook, 200 cutthroat (Oncorhynchus clarki), Kamloop rainbow trout (number not 
available), and 185 spotted bass were planted in New Bullard’s Bar Reservoir by CDFG (CDFG 
1989, 2007).   
 
Similar to New Bullard’s Bar Reservoir, CDFG stocking records indicate that fish plantings in 
USACE’s Englebright Reservoir have taken place from 1965 through 2007.  During this period, 
over 756,000 rainbow trout, 228,320 Kokanee salmon, 6,973 lake trout (Salvelinus namaycush), 
nearly 28,000 brown trout, 4,000 Eagle Lake rainbow trout, 2,640 brook trout, 45 white crappie, 
and 80 black crappie were planted (CDFG 2007).  Stocked species were primarily from the 
Shasta and San Joaquin CDFG fish hatcheries.   
 
In accordance with new fish planting regulations, stocking of kokanee and hatchery rainbow 
trout is scheduled to take place in New Bullard’s Bar Reservoir (CDFG 2008b).  USACE’s 
Englebright Reservoir is not scheduled for stocking from 2008 to 2010 pending a pre-stocking 
evaluation(CDFG 2008a, b). 
 
The available information presented above comes from recreational sources and historical 
records, but little current empirical information is available regarding fish in Project reservoirs.  
There is a need to accurately characterize current fish communities in order to assess the 
potential effect of Project operations and maintenance on fish communities. 
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4.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning the distribution, occurrence, and 
condition of fishes in the Project reservoir. 
 
The objectives of the study are to: 1) characterize fish species composition, relative abundance 
(e.g., catch per unit effort [CPUE]), and size in Project reservoirs; 2) characterize management of 
reservoir water surface elevations and its relationship to availability of fish habitat under existing 
Project operations and potential Project operations; and 3) characterize fish size and condition 
factor.; and 4) assess tributary access for fish and composition of fish within accessible 
tributaries. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purposes of this study, the study area is the New Bullard’s Bar Reservoir and USACE’s 
Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 
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 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.1 

  

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
 
5.3 Study Methods 
 
Sampling will occur using boat electrofishing, backpack electrofishing, and gill nets.  Prior to 
boat electrofish sampling, YCWALicensee will follow the study methods outlined below.  
However, the YCWALicensee may adapt the existing methodologies to follow any additional 
criteria identified in the CDFG Scientific Collection Permit, as has been customary from many 
prior events utilizing boat electrofishing, backpack elecrofishign, and gillnet sampling during 
other California relicensings.  Sampling efforts will be coordinated with reservoir operators to 
avoid periods of reservoir fluctuation that could affect safety and sampling efficiency.  Within 
New Bullard’s Bar Reservoir sampling will be scheduled over the hydrologic year to coincide 
with the low pool in fall and high pool in spring.  The determination of relative high and low 
water elevations will be made after consultation with the YCWALicensees on historical water 

                                                 
1 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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operations at New Bullard’s Bar Dam.  It is expected that sampling events will generally occur 
between January or February (low pool) and June or July (high pool) based on historic reservoir 
data.  These two sample periods will also increase the potential of catching a higher number of 
different species.  Within USACE’s Englebright Reservoir, sampling will occur only once during 
the summer months as reservoir levels fluctuate primarily from New Bullard’s Bar releases and 
are less influenced by seasonal variations. 
 
In addition to reservoir sampling, YCWALicensee will conduct several additional assessments.  
These supplemental investigations include an assessment of tributaries surrounding the two 
reservoirs,  a review of past surveys, and a summary of historic stocking practices.  These 
additional efforts will supplement knowledge gained from the reservoir sampling assessment to 
allow for a better understand of the current health of reservoir fish populations in light of Project 
O&M.  
 
YCWALicensees will obtain all necessary permits prior to performing fieldwork. 
 
The study methods will consist of four steps, each of which is described below. 
 
5.3.1 Step 1 – Field Reconnaissance 
 
A field survey will be conducted prior to sampling to view the existing lacustrine habitat and 
identify suitable areas for reservoir sampling.  Boat electrofishing and gillnet sampling require 
specific characteristics in order to accurately sample fishes.  Upon documenting habitat with 
photos and GPS, YCWALicensee will collaborate with CDFG, USFS and other regarding 
sampling location for Englebright Reservoir with CDFG and for New Bullards Bar Reservoir 
with the Forest Service and CDFG.  YCWAThe Licensee will accept comments from all 
interested and available Relicensing Participants regarding sampling locations for each 
methodology, nonetheless.  YCWALicensee will make a good faith effort to schedule the 
consultation on a day or days convenient to YCWALicensee and interested Relicensing 
Participants, and will provide an email notice at least 14 days in advance of the meeting or site 
visit.  If collaborative agreement is not reached, YCWALicensee will note the disagreements in 
its final report, including why YCWALicensee did not adopt the recommendation. 
 
Sampling units for electrofishing stations will be approximately 1,000 100 meters (m) in length 
and established around the Project reservoir to obtain representative samples among the diversity 
of identified near-shore habitats that are feasible to sample by boat electrofishing.  To address 
level of sampling effort, it is currently estimated that ten boat electrofishing sites will be 
conducted for New Bullard’s Bar Reservoir and five for USACE’s Englebright Reservoir; 
however, the exact number of sampling stations to be used will depend on the diversity of near-
shore habitat conditions, including depth, cover, substrate, and proximity to sources of inflow 
assessed during field reconnaissance.  Sampling stations will be designated on orthophotographs 
of the Project reservoirs and documented using GPS. 
 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan Reservoir Fish Populations 
 ©2011, Yuba County Water Agency Page 7 of 13 

Similarly, gillnet sample locations will be established around Bullard’s Bar Reservoir and 
USACE’s Englebright Reservoir to obtain representative samples among the diversity of 
identified pelagic habitats.  A total of eight sample stations will be attempted for gillnetting in 
New Bullard’s Bar Reservoir and four for USACE’s Englebright Reservoir. Boat electrofishing 
will be conducted prior to gillnetting efforts to alleviate issues that may arise from overlap of 
sampling areas.  It is expected that one sample location will be placed near the project intakes of 
both reservoirs to sample fish presence and inform the potential for interaction.  Sampling 
stations will be designated on orthophotographs of the reservoirs and documented using GPS. 
 
5.3.2 Step 2a – Boat Electrofishing 
 
Boat electrofishing will be used to sample reservoir near-shore habitat at New Bullard’s Bar 
Reservoir and USACE’s Englebright Reservoir.  Sampling will occur twice during the year, 
coinciding with high and low pool levels within New Bullard’s Bar Reservoir and once during 
the summer months in USACE’s Englebright Reservoir.  Field activity will be conducted at 
night, beginning one hour after civil twilight.  Boat electrofishing will take place using standard 
methods (Reynolds 1996).  One or two electrode booms will be employed, and the booms and 
boat will be outfitted with standard non-conductive material in appropriate places for safety.  
Electrofisher “time on” will be recorded for each sampling site and a consistent effort and pace 
will be employed at all sites.  Fish will be identified, where possible, as to origin; hatchery or 
wild stock (i.e., basic visual identification, such as a clipped adipose fin).  Data recorded for each 
fish will include species identification, length (total length of all fish species without forked 
caudle fins and fork length for all species with forked caudle fins), weight, and, if applicable, 
notes on general condition. 
 
General information recorded will include impoundment name, GPS sample site location, crew 
member names, weather conditions, air temperature, and water chemistry at approximate fish 
sampling location (i.e., water temperature, dissolved oxygen, and conductivity).  Minimum, 
maximum, and mean water depths will be recorded. 
 
5.3.3 Step 2b – Gillnetting 
 
Gill net sampling will occur twice during the year, coinciding with high and low pool levels 
within New Bullard’s Bar Reservoir and once during the summer months in USACE’s 
Englebright Reservoir.  Samples will be taken using variable mesh gillnets (i.e., adult net:  1-in. 
to 34-in. mesh, and juvenile net: 0.5-in to 0.75-in. mesh).  If the reservoir is stratified, six gillnets 
will be deployed at each location: one adult and juvenile net in pelagic water near the surface; 
one adult and juvenile net in pelagic water in the metalimnion; and one adult and juvenile net in 
the hypolimnion.  If the reservoir is not stratified, than the nets will be placed at the surface, at 40 
percent of total depth, and 80 percent of total depth (not exceeding 100 feet of depth).  The times 
of deployment and locations of each gillnet set will be recorded, and photographs will be taken 
of each gillnet after deployment to document both location and placement relative to the 
shoreline.  The gillnets will be set for one day and night period (i.e., approximately 24 hours, 
dependant on CDFG approval) to facilitate good coverage and will be checked each morning and 
evening to separate the diel period. 
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Fish will be identified, where possible, as to origin; hatchery or wild stock (i.e., basic visual 
identification, such as a clipped adipose fin).  After fish are captured, each fish will be processed, 
and information will be collected regarding species identification, length (total length of all fish 
species without forked caudle fins and fork length for all species with forked caudle fins), 
weight, and, if applicable, notes on general condition. 
 
General information recorded will include impoundment name, GPS sample site location, crew 
member names, weather conditions, air temperature, secchi depth and water chemistry (i.e., 
water temperature, and dissolved oxygen).  Minimum, maximum, and mean water depths will be 
recorded along with the depth placement of each gillnet.  Dissolved oxygen profiles will be 
collected using a Hydrolab at 10 foot intervals at four (25% intervals of length along the thalweg 
of the reservoir) locations within the reservoir to determine the presence and potential location of 
the thermocline to determine mid-water net depth. 
 
5.3.4 Step 2c – New Bullards Bar Reservoir Tributary Assessment 
 
A reservoir tributary assessment will be conducted to assess accessible streams from New 
Bullard’s Bar Reservoir.2  The tributary assessment will be conducted in two parts: a passage 
assessment; and a species composition assessment.  The following streams will be considered for 
the assessment: 
 
 North Yuba (main stem) 
 Lost Creek 
 Mill Creek 
 Bridger Creek 
 Willow Creek 
 Cottage Creek 
 Burnt Bridge Creek 
 Little Oregon Creek 
 Indian Creek 
 Slapjack Creek 
 Empire Creek 
 Hampshire Creek 
 Slate Creek 
 Deadwood Creek 
 
All of the tributaries will be visited to assess if they are accessible to fish and have nominal flow.  
A determination of whether the tributary meets this criteria will be made at each stream with 
supporting notes and pictures.  Those tributaries that are found to be accessible and have nominal 
flow will be further surveyed with the two-part assessment described below. 
 

                                                 
2  A tributary assessment will not be performed for USACE’s Englebright Reservoir since multiple parties affect reservoir 

elevations in that reservoir. 
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5.3.4.1 Fish Passage Assessment 
 
This assessment will focus on potential barriers to fish movement out of New Bullards Bar 
Reservoir when the reservoir is drawn down – that is, the assessment will identify barriers within 
the reservoir normal maximum water surface elevation.  The potential for fish passage will be 
identified by estimating the gradient of the tributary within the reservoir (from the confluence 
with the normal maximum water surface elevation to normal low pool in spring when some fish 
might move out of the reservoir for spawning) and available connective flow at this time of year.  
Accessible streams will be marked with GPS and potential shallow water or leaping barriers 
within the exposed reservoir mapped.  For the purposes of this study, a potential upstream fish 
barrier is a single vertical rise of 3 feet in height or greater, or a thalweg depth of less than 0.3 
foot for an extended distance (i.e., sheet flow for about 3 feet).  Similar criteria have been used in 
other relicensing efforts.  Surveyors will move upstream from reservoir water surface at the time 
of the survey to the reservoir normal maximum water surface elevation.  At any identified 
potential barrier, a point identifier (ID) will be assigned and measurements of potential barrier 
attributes will be collected.  At  a potential shallow water barrier point ID, surveyors will collect 
a width, maximum depth, and depth range of the thalweg and a wetted width as well as the 
length of the shallow section.  A point ID identified at a potential leaping barrier will include 
length, width, height, and max depth of the jumping and landing pools at the barrier.  
Dominate/sub-dominate substrate of the tributary will be documented at all point ID locations.  
A brief description of barrier substrate or structural composition will be recorded.  Photos will 
also be taken to document the tributary visually at all point IDs.  Surveyors will continue from 
the mouth of the tributary to the reservoir normal maximum water surface elevation. 
 
5.3.4.2 Fish Species Composition Assessment 
 
A single qualitative backpack electrofishing assessment will be conducted.  Sampling will focus 
on habitat in the tributary from the reservoir water surface to the normal maximum water surface 
elevation. 
 
Backpack electrofishing will be performed and collected fish will be placed in buckets and 
processed.  During processing, fish information will be collected.  This information will include: 
species identification, weight, length (total length of all fish species without forked caudle fins 
and fork length for all species with forked caudle fins), and if applicable notes on fish condition 
or removed scales.  Species length and weight will be collected in order to develop a condition 
factor.  All fish will be returned to waters in the immediate vicinity where they were collected. 
 
Electrofishing effort will be measured as ‘time on’ to determine relative abundance reported as 
catch per unit effort (CPUE).  Sampling conditions within tributaries exceeding depths of 1.5 m 
will be considered unsafe for backpack electrofishing. 
 
Qualitative direct observation snorkeling will be conducted as an alternative if the tributary depth 
precludes electrofishing, which is not expected to occur.  If needed, snorkelers (i.e., number of 
snorkelers to be determined by stream width) will occupy lanes and move in tandem upstream.  
Observed individual fish will be identified to species and size will be estimated in two-inch 
intervals (0>2 in, 2>4in, etc.).  Surveys will be conducted during the day when sufficient light is 
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present.  Catch will be reported as number per area sampled. This is not intended to be a 
statistically quantifiable estimate, but only to provide relative abundance.  General site 
information for all stream survey locations will include stream name, sampled stream length and 
mean width, crew members, time of day, environmental (weather) conditions, riparian/channel 
conditions (i.e., percent canopy, substrate, mean depth, and maximum depth), aquatic habitat 
condition (i.e., habitat type(s), and cover), air temperature, water chemistry (water temperature, 
dissolved oxygen, and conductivity), and GPS location.  Photographs will also document the 
specific location and conditions of the site.  Site information will be collected in similar fashion 
regardless of the use of backpack electrofishing or snorkeling. 
 
5.3.5 Step 3 – Data Entry and Data Analysis 
 
Data will be entered into a database.  The database will be organized, compiled and subjected to 
QA/QC procedures.  Data will be analyzed graphically and summarize species composition, 
relative abundance, length frequency, and location. 
 
Gill net and boat electrofishing results will be reported both as total catch and in terms of CPUE.  
CPUE for fishes captured by boat electrofishing and gill net will be calculated by dividing 
number of fish of each species captured by the length of time fished (e.g., fish/hr).  CPUE for 
fishes captured by backpack electrofishing  will be calculated by dividing number of fish of each 
species by the length of time fished (e.g., fish/min).  CPUE will be summarized by reservoir or 
tributary and species. 
 
The relative abundance of fish at each site will be calculated to identify fish species composition 
and distribution patterns throughout the Project Area.3 
 
Fish size and weight will be summarized by fish species and site.  Length-weight regressions will 
be generated to calculate a relative condition factor (Kn) for fish species. 
 
5.3.6 Step 4 – Historic Sampling and Stocking Record Assessment 
 
Historical sampling efforts will be included in the discussion of the report including any new 
fisheries data provided by CDFG and other fisheries data available prior to report development.  
The current findings will be assessed based upon prior research to better understand how the 
current information compares to previous research. 
 
A review of available stocking records will also be conducted.  Expected products from the fish 
stocking review will include a detailed description of planting records.  Data will be tabulated to 
the extent possible and summarized by year.  These data will be addressed in light of the results 
of the reservoir sampling in order to better understand how the past activities are reflected in the 
current fish populations. 
 

                                                 
3  For the purposes of the Relicensing, the Project Area is defined as the area within a border of about 0.5 mile surrounding the 

Federal Energy Regulatory Commission (FERC) Project Boundary. 
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5.3.7 Step 5 – Prepare Report 
 
YCWALicensees will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study, if any.  The report will also contain GIS maps of sampled areas 
and relevant summary tables and graphs.  Further, the report will describe daily water surface 
elevation patterns and approximate pool volumes.  The report will include a summary of water 
quality information with respect to thermocline location, epilimnion and hypolimnion water 
temperatures and dissolved oxygen concentrations. The report will also include: 
 
 Stocking assessment 

 Fish species composition, relative abundance (i.e., CPUE), location, and condition factor by 
species in the reservoir and surrounding tributaries 

 Water quality information with respect to thermocline location, epilimnion and hypolimnion 
water temperatures and dissolved oxygen concentrations will be summarized from the 
current study and the separate water quality study, as pertinent 

 Photo documentation of survey efforts and areas assessed or sampled 
 
If YCWALicensee observes any special-status fish species, YCWALicensee will complete the 
appropriate California Natural Diversity Database (CNDDB) form and transmit the form to the 
CNDDB.   
 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will collaborate regarding sampling location for Englebright Reservoir with CDFG 

and for New Bullards Bar Reservoir with the Forest Service and CDFG.  YCWAThe 
Licensee will accept comments from all Relicensing Participants regarding sampling 
locations for each methodology, nonetheless. (Step 1.)   
 This study does not require any study-specific consultation. 

 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
  
Planning (Step 1) ..................................................................................... October – November 2011 
Field Work (Step 2a through 2b; low pool event)  ................................. October – November 2011 
Field Work (Step 2a through 2c) ............................................................... March 2012 – June 2012 
Office Work (Step 3a, 3b, and 4) ....................................................................................... July 2012 
Report Preparation (Step 5) ..................................................................... August – September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this study in 2011 dollars is between $290,000 
and $395,000. 
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Study 3.8 

STREAM FISH POPULATIONS 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

AugustApril 2011 

 
1.0 Project Nexus and Issues 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish in 
streams upstream of the Englebright Dam.1 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over fish in the geographic area 
covered in this study proposal:  1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 
4) State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010).PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 

                                                 
1  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Some information regarding the stream fish communities in the vicinity of Project facilities is 
available.  Based on a review of existing and available information, fish species listed as  
threatened or endangered under the federal Endangered Species Act (ESA) or California 
Endangered Species Act (CESA) do not occur in any Project-affected stream reaches upstream 
of Englebright Dam.  California Department of Fish and Game (CDFG) does not stock fish in 
any Project-affected stream reaches, however New Bullards Bar Reservoir and Englebright 
Reservoir have been planted with hatchery stock Kokanee, Eagle Lake trout, and rainbow trout.  
Most existing stream fish information is not current or quantitative. 
 
3.1 Middle Yuba River and Yuba River Upstream of Englebright 

Reservoir 
 
A transition fishery2 occurs in the vicinity Our House Diversion Dam.  As described in Section 
7.3.4.1 of the Pre-Application Document, 2004 snorkeling surveys in the Middle Yuba River 
about 0.5 mile upstream of Our House Diversion Dam found rainbow trout (Oncorhynchus 
mykiss) and Sacramento pikeminnow/hardhead (Ptychocheilus grandis/Mylopharodon 
conocephalus) (the snorkelers were unable to distinguish between the two species); while about 
0.5 mile downstream of the dam, the snorkelers found rainbow trout, Sacramento pikeminnow, 
hardhead, smallmouth bass (Micropterus dolomieui), and various sucker species (Family 
Catastomidae) (Gast et al. 2005).  The general species composition upstream of Our House 
Diversion Dam was confirmed by Nevada Irrigation District (NID) in 2008 and 2009 when its 
snorkeling surveys in the Middle Yuba River about 0.5 mile upstream of Our House Diversion 
Dam found Sacramento suckers, rainbow trout, and Sacramento pikeminnow (NID and PG&E 
2010).  Hardhead is a Forest Service sensitive species and is on thea Species of Concern for 
CDFG.   
 

                                                 
2  A transition fishery is one that includes both coldwater and warmwater fishes and is typically found in the Sierra in lower 

elevations where the fish community transitions from a coldwater fishery dominated by trout in the higher elevations to a 
warm water fishery in the lower elevations. 
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Additional information regarding stream fish in the Yuba and Middle Yuba River between Our 
House Diversion Dam and Englebright Reservoir is available from Gast et al. (2005) and is 
summarized in Table 3.0-1.  
 
Table 3.0-1.  Distribution of fish species relative to river mile and stream temperature observed 
during 2004 Middle Yuba River snorkel surveys downstream of Our House Diversion Dam.  Note 
that RM is 12.6 is about 0.5 mile upstream of Our House Diversion Dam. 
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0.1 -- 23.1° ● -- -- ● -- -- ● -- -- 

1.8 
Yellowjacket 

Creek 
-- -- -- -- -- -- -- -- -- -- 

2.6 -- 20.4° ● -- -- ● -- ● ● -- -- 
4.8 Oregon Creek 21.4° -- -- -- -- -- -- ● -- -- 

Source: Gast et al. 2005 
1 Pikeminnow and hardhead less than 4” in length not discernible. 

 
 
According to Gast et al. (2005), tributaries to the mainstem, having cooler summertime water 
temperatures and likely provide refuge for salmonids from higher than optimum mainstem water 
temperatures.  Oregon Creek was cooler than the mainstem, appeared to provide good habitat, 
and was inhabited by rainbow trout.  The North Yuba River, at the confluence with the Middle 
Yuba River also provides ample cool-water trout habitat.  At the time of observation, water 
temperature in the North Yuba River at the confluence with the Middle Yuba River was 18.6°C, 
which was 4.5°C cooler than the Middle Yuba River water temperature at that time (23.1 °C). 
 
3.2 Oregon Creek 
 
LicenseeYCWA was unable to find any existing information regarding the fish community in 
Oregon Creek near Log Cabin Diversion Dam, but the fish community is likely similar to that at 
Our House Diversion Dam.  Historic samples indicate that there was a hardhead fish population 
in the diversion pool as recent as 2001 (personal communication, Dan Teater, Forest Service). 
 
3.3 North Yuba River 
 
Recent fisheries information for the North Yuba River upstream of New Bullards Bar was 
collected in 2008 and 2009 for the Yuba-Bear Hydroelectric Project and Drum-Spaulding Project 
relicensings (NID and PG&E 2010).  Snorkeling surveys approximately 6.5 miles upstream of 
New Bullards Bar Reservoir found rainbow trout, brown trout (Salmo trutta), Sacramento sucker 
(Catostomus occidentalis), and Sacramento pikeminnow/hardhead (the snorkelers were unable to 
distinguish between the two species).  Snorkelers did not find any species listed as threatened or 
endangered under the federal Endangered Species Act or California Endangered Species Act.  In 
addition, hardhead could not be confirmed to be present or absent due to the snorkeling 
methodology.  Two additional sites further upstream were electrofished and resulted in the 
capture of only rainbow and brown trout. 
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LicenseeYCWA was unable to find any existing information regarding the fish community in the 
North Yuba River downstream of New Bullards Bar Dam, but the community is likely similar to 
that at Our House Diversion Dam. 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to provide current information on fish in Project-affected streams. 
 
The objectives of the study are on a site and species specific basis: 1) characterization of fish 
species composition and relative spatial distribution; 2) estimate of total or relative abundance of 
fish by species; 3) analysis of fish population size-structure and age-class structure; 4) 
calculation of fish condition factor; and 5) fry emergence and timing. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
; 2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the Middle Yuba River, ; 3) the North Yuba River from and including New 
Bullard’s Bar Dam Reservoir to the confluence with the Middle Yuba River, ; and 4) the portion 
of the Yuba River from the confluence of the North and Middle Yuba rivers to the confluence 
with the normal maximum water surface elevation of the USACE’s Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
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regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g., zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be performed in four steps: 1) select sampling sites; 2) collect data; 3) perform a 
quality assurance/quality control review of the data and analyze the data; and 4) prepare the 
report.  Each of these steps will be repeated for two years, and described below. 
 
Fish sampling is predicated on the LicenseeYCWA obtaining necessary federal and State of 
California permits for sampling.  Required permits include a CDFG scientific collecting permit 
(SCP) as well as an MOU if handling species listed as threatened or endangered under the 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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Endangered Species Act.  The study plan will be attached to the SCP submittal for reference.  
Given the current sampling area, ESA fishes are not expected to be present.  LicenseeYCWA has 
provided 135 days in the schedule for processing the scientific collecting permit. 
 
5.3.1 Step 1 – Select Sampling Sites 
 
Sampling will occur at the eleven sites described in Table 5.3.1-1. 
 
Table 5.3.1-1.  Eleven sampling sites by reach.   

Stream 
River 

Reaches 
Reach Length 

(mi) 
General 
Location 

North Yuba 
River 

New Bullard’s Bar Dam 
Reach 

2.3 

Site located below but in the vicinity of the USGS gaging station downstream of 
New Bullard’s Bar Dam.  Site will be determined based on reasonable access and 
appropriate sampling area (e.g., avoid large substrate and interstitial flowing 
water common for this section of the river). 
Site located near the confluence of the North Yuba River with the Middle Yuba 
River.   

Oregon 
Creek 

Upstream of Log Cabin 
Diversion Dam Reach – 
Non-Project 

Not 
Applicable 

Site located proximally to Log Cabin Diversion Dam, if possible within 0.5 mile. 

Log Cabin Diversion 
Dam Reach 

4.1 Site located near the confluence of Oregon Creek with the Middle Yuba River. 

Middle 
Yuba River 

Upstream of Our House 
Diversion Dam Reach – 
Non-Project 

n/a Site located within 0.5 mile upstream of Our House Diversion Dam Reach. 

Our House Diversion 
Dam Reach 

7.5 
Site located within 0.5 mile downstream of Our House Diversion Dam. 
Site located upstream of the Highway 49 Bridge Crossing near RM 4.5. 

Oregon Creek Reach 4.5 Site located proximally to Moonshine Creek near RM 3.4. 

Yuba River 

Middle/North Yuba 
River Reach 

5.8 

Site located near the confluence of the Middle Yuba River in an accessible 
location.  Access within the reach is limited. 

Site located proximally upstream of the New Colgate Powerhouse (RM 34) where 
access is available.  Site may be quantitatively snorkeled due to the larger stream 
channel. 

New Colgate 
Powerhouse Reach 

1.7 

Site located upstream of the influence of the reservoir, but downstream of the 
influence of the powerhouse.  Sites will likely be quantitatively snorkeled due to 
the larger stream channel.  Limited access may be available at Rice Crossing or 
from access roads of the powerhouse. 

 
 
Where possible and appropriate, sites will: 1) include habitat representative of the overall reach; 
2) be located with at any known historic sampling sites; 3) be co-located with sampling sites for 
LicenseeYCWA’s Instream Flow Upstream of  Englebright Dam Study, Special-Status Aquatic 
Mollusks Study and Benthic Macroinvertebrates Study; 4) be selected using mesohabitat 
mapping information available when the sites are selected to help identify sampling sites with 
mesohabitat types in similar proportion to the larger geomorphic reaches of the river; 5) be 
chosen far enough upstream or downstream of access locations to minimize the effects of fishing 
on fish population results, but still be reasonably accessible to field crews; and 6) where 
comparisons likely are to be made between sampling locations, comparison study sites will be 
located in sections of river with similar habitat types and similar sampling methods will be used. 
 
Final sampling sites will be selected in consultation with relicensing participants and 
LicenseeYCWA will collaborate with interested and available Relicensing Participants regarding 
sampling locations for each methodology.  LicenseeYCWA will make a good faith effort to 
schedule the consultation on a day or days convenient to LicenseeYCWA and interested 
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Relicensing Participants, and will provide an email notice at least 14 days in advance of the 
meeting or site visit. If collaborative agreement is not reached, LicenseeYCWA will note the 
disagreements in its final report, including why LicenseeYCWA did not adopt the 
recommendation. 
 
5.3.2 Step 2 – Collect Data 
 
5.3.2.1 Preferred Method - Electrofishing 
 
LicenseeYCWA’s preferred sampling method is electrofishing using three-pass-depletion. 
 
At least three passes will be made at each site using backpack electrofishing units.  Sample sites 
vary in length, and will range at a minimum, between 100 and 300 meters (m), unless 
Relicensing Participants and the LicenseeYCWA both agree to a shorter length based on 
available habitat.  Upstream and downstream ends will be blocked with fine mesh nets or a fish 
passage barrier.  LicenseeYCWA’s goal in determining site length is to have adequate length to 
include sufficient usable fluvial habitat represented in that reach (e.g., riffle, pool, glide).  Exact 
site length will be determined in the field by the LicenseeYCWA.  
 
Block nets will span the full width and depth of the stream.  If necessary, salt blocks will be 
placed in the stream immediately above the electrofishing station to increase conductivity.  Salt 
blocks will be used when fish are observed escaping the direct path of the electric field generated 
by the electrofishing unit at elevated settings. 
 
Field crews will consist of at least two netters for each shocker.  LicenseeYCWA will follow 
Temple, et al. (2007), who recommends one backpack electroshock crew for streams less than 
7.5 m wide and two backpack electrofish crews for streams 7.5 - 15 m wide.  In wadeable 
streams wider than 15 m the number of electroshocking crews will be expanded as necessary to 
assure effective and accurate sampling. 
 
Captured fish will be retained in aerated buckets and/or live cars until each pass is completed.  
As described above, fish will be sedated as necessary and with appropriate approvals.  All fish 
will be identified to species and counted.  Effort will be made to measure all fish.  Measurements 
will be to the nearest millimeter (fork length for forked-tail fish and total length for all other fish) 
and weighed by digital scale to the nearest gram.  However, measuring will cease if long holding 
times begin to result in mortality of captured fish.  Effort will be made to evenly represent all 
size classes collected within the subsample of the measured species.  The actual number of 
measured species will be determined through professional judgment based upon the size class 
homogeneity of the sample (i.e., number of size classes represented).  Scale samples will be 
taken on a subsample of larger, less abundant select fish (hardhead, rainbow trout, and brown 
trout) for validating length-age indices.  All fish removed from the reach will be held in live cars 
downstream of the sampling site and redistributed evenly across the sampling reach following 
completion of the final pass for the survey.  Mortalities and fish condition (spinal trauma, 
burning) will be noted and recorded prior to release.  All effort will be made to ensure sampling 
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activities in the field will minimize potential injury or mortality to aquatic species.  All data will 
be recorded on a standardized electrofishing form. 
 
General information and habitat/channel metrics will be collected at each sample site.  General 
information will include site identification, turbidity (vishualy estimated as low, moderate, or 
high), discharge (measured prior to sampling if a stream gage is not available), crew members, 
number of shockers, date and time, air temperature, weather conditions, and GPS location.  
Additionaly, water temperature, conductivity, and DO will be collected with a YSI or similar 
equivalent water quality instrument.   Metrics collected at each meso-habitat unit within the 
sample site will include meso-habitat type, estimated average and maximum depth, estimated 
average wetted and bankfull width, dominant cover type, dominant and subdominant substrate.  
Habitat data collected will be consistent with that collected in habitat mapping studies. 
 
Prior to electrofishing at a site that has been previously selected; YCWALicensees will walk the 
stream-bank to directly observe the presence of any western pond turtles (WPT) or foothill 
yellow-legged frog (FYLF).  If a WPT or FYLF is observed, LicenseesYCWA will relocate the 
site upstream or downstream to a location that includes similar habitat types as the selected site, 
and repeat the procedure (i.e., check for WPT or FYLF and relocate if either is observed).  If 
WPT or FYLF is not observed, YCWALicensees will commence electrofishing.  
YCWALicensees will adhere to accepted decontamination guidelines to minimize the likelihood 
of transmitting diseases (USFWS 2005). 
 
5.3.2.2. Alternative or Supplemental Method – Snorkeling 
 
As stated above, LicenseeYCWA’s preferred sampling method is electrofishing.  However, as 
described by O’Neal (2007), snorkeling is often feasible in places where other methods are not; 
for example, deep, clear water with low conductivity makes quantitative electrofishing 
prohibitive.  Species composition, presence/absence, relative abundance, general size class and 
habitat use information can be obtained with snorkeling techniques (Slaney and Martin 1987; 
O’Neal 2007). 
 
Snorkeling will only be used by LicenseeYCWA to replace electrofishing if the entire sampling 
site is too deep to electrofish.  Qualitative electrofishing will occur on the margins of 
quantitatively snorkeled sites following the snorkel assessment.  A single pass qualitative 
approach will be utilized to provide length and weight data that will be used to develop a 
condition factor and included in the report. 
 
Snorkeling may be used by LicenseeYCWA to supplement electrofishing in habitat types that do 
not lend themselves to electrofishing, if portions of a site do not lend themselves to electrofishing 
based upon depth, current velocity, and other physical considerations (e.g., access or safety). 
 
If used, snorkeling techniques will generally follow those outlined by Thurow (1994), Dolloff et 
al. (1996), and O’Neal (2007).  Surveys will be conducted during midday and during periods 
with low annual turbidity levels (generally late summer). 
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If snorkeling surveys are to be performed within a section of stream where electrofishing has 
occurred, snorkeling surveys will be conducted immediately after electrofishing is complete.  
Snorkel lanes will run the full length of each sample unit within the survey site.  One diver will 
swim a lane.  Generally two to three divers (as determined by the wetted stream channel width at 
each site) will snorkel the lanes and record species composition and abundance.  Fish will be 
identified, counted, and visually categorized into pre-defined length-classes (0-2 in., >2-4 in., 
>4-6 in., >6-8 in., >8-10 in., >10-12 in., >12-14 in., etc.).  Observers will calibrate estimated fish 
lengths by viewing painted wooden dowels of varying known lengths underwater.  Visual 
estimates of length will be made in English units and later converted to metric units to avoid 
error.  Maximum sight distance for accurate determination of fish species will be recorded on the 
field data form.  All snorkelers will be equipped with mask-integrated video cameras during each 
pass4.  Captured video will be transferred to archived and available on a DVD and made 
available on request.  The DVD will be viewable with media player software.  Although the 
video will not be edited or enhanced with special menus, each stream unit snorkeled will begin 
with a sign board indicating the date, time, and habitat unit number that will correspond with 
snorkeler’s observation notes.in raw format by request.   Two to three replicate snorkel surveys 
will be performed using the same diving team to assess efficiency, obtain an estimate of survey 
variance, and determine a level of confidence for use in abundance estimation (Slaney and 
Martin 1987; Hankin and Reeves 1988).  Data will be recorded on a standardized fish snorkeling 
survey form and attached to the electrofishing form for the site.  The site information and habitat 
metrics collected for the electrofishing prior to snorkeling will be used for the snorkel datasheet.  
Snorkeling data will be analyzed separately from the electrofishing data. 
 
5.3.2.3 Rainbow Trout Fry Emergence Special Purpose Sampling 
 
The timing of rainbow trout fry emergence was identified by agencies during study plan 
development as an area of interest to better rdefine fry periodicity in the study area.  within 
Oregon Creek above Log Cabin Diverions Dam and the Middle Yuba River above above Our 
House Dam were selected as reference sites for this study.  The location of the study sites will be 
in the vicinity of Log Cabin Diversion Dam on Oregon Creek and Our House Diversion Dam on 
the Middle Yuba River proximally above the diversions.  The study area for the fry emergence 
data gathering will extend no more than 1 mile  upstream of each Project diversion.  A one-year 
(2012) qualitative assessment with one to two field technicians (depending on flow runoff) and a 
field lead will be implemented primarily utilizing backpack electrofishing.  Snorkeling will be 
applied during high flow events when safety is a concern or in challenging habitat (i.e., undercut 
banks, etc.) where electrofishing may be ineffective.  The sampling method will be at the 
discretion of the field crew lead.  Effort will be made to identify any redds that are visible from 
shore.  Any identified redds will be marked with GPS and documented. 
 
A total of eight8 sampling events will occur every two weeks from March 15 to June 30, 2012.  
The sampling events are expected to take 1 to 2 days depending upon flow runoff.  When lower 
flows are present, electrofishing both reaches (which are 20 minutes travel apart) on the same 

                                                 
Study 07-11 - Narrows II_Barrier to Anad Fish US Mig_8-4-2011  The Licensee will not repeat or terminate a day of sampling at a site due to 

video camera failure or malfunction.  Upon identifying video camera failure malfunction, the Licensee will repair the mask to 
limit any lost video in a timely manner.   
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day will be feasible; however, when spring runoff is occurring 2two days will be needed to 
accommodate access issues.  If an event is missed due to unsafe flows, it will be re-attempted at 
the next available weekday.  If multiple events are missed they will be evenly redistributed into 
the sampling schedule to achieve eight8 events. 
 
Data collection will follow a similar methodology to that described above for electrofishing and 
snorkeling.  An active collecting or searching qualitative approach will be applied to locate fish.  
Collected fish will be identified to species and measured in length to the nearest millimeter.  
Observed fish will be identified to species, and  length will be estimated in half-inch length-
classes.  If young fry become challenging to identify, voucher species may be collected to 
confirm identification after the sampling event using a microscope.     
 
5.3.3 Step 3 – QA/QC Analysis and Information Analysis   
 
Following a quality control/quality assurance review, data will be entered into and organized in 
an Excel spreadsheet.  Some parameters may be analyzed in Excel while other parameters will be 
analyzed using published public domain scientific software for calculating stream fish population 
statistics.  While all species will be recorded, small sample sizes of some species may limit some 
statistical analyses. 
 
5.3.3.1 Individual Fish Condition Factor 
 
Fish size and weight data will be summarized by species and by sample site.  Standard scientific 
software outputs including minimum, maximum, and mean fork length and weight will be 
calculated.  Length and weight data will be used to calculate a relative condition factor (Kn) 
(Anderson and Gutreuter 1983) and to provide a general indication of the health of individuals;, 
where factors greater than relative condition factors near a value of 1 indicate more healthy 
individuals.  and Rrelative condition factors for electrofishing sites will be stream and species 
specific, for length and weight data collected at all quantitative electrofishing sites. 
 
5.3.3.2 Fish Species Populations and Biomass 
 
Standing stock estimates in terms of fish population numbers and biomass will be calculated by 
species for each site and analyzed by age class.  Electrofishing data will be analyzed using a 
scientific software package (e.g., Microfish or other similar program).  Capture probabilities (the 
proportion of fish captured on a given electrofishing pass), size statistics, and biomass will be 
generated for each sample site using fish capture data.  Biomass will be calculated based upon 
total weight measured for each species.  Standing stock estimates will be reported as: 1) numbers 
and weight (g) of fish by species per 100 m of stream; 2) numbers of fish by species per mile; 3) 
pounds of fish by species per acre of stream surface; and 4) kilograms of fish by species per 
hectare. 
 
Fish species population analysis will include size structure based on relative stock densities.  To 
provide an index of size structure for each site, traditional relative stock densities (RSD) of each 
species will be calculated.  The RSD will be presented on a scale of 0 to 100 (Anderson and 
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Neumann 1996).  RSD will be calculated as the proportion of fish sampled greater than 6 inches, 
i.e.: ., RSD = (# of fish >6-inch in sample) / (# of fish in sample) x 100.  The 6-inch length was 
chosen because it is often used as the smallest size where fish are desired by anglers.  A high 
RSD indicates that a greater proportion of the population consists of fish in the size class 
desirable to anglers. 
 
Fish species population will also include an analysis by age class.  Existing length-age indices 
will be used to determine the age class.  Length-age indices are relatively accurate for smaller 
fish; however, confidence intervals reduce with larger fish.  Scales collected as described above 
will be read to assist in identifying larger fish age class breaks.  Regression analysis will be used 
to analyze the data and if necessary, adjust the indices. 
 
5.3.3.3 Fish Community Analysis 
 
Analysis will also include species composition and relative abundance of the fish community 
(i.e., percent composition).  The diversity of fish species will be assessed in Project reaches as 
the data allows.  Possible statistical analysis could include the Shannon Weaver Diversity Index, 
a means of characterizing the evenness of species diversity. 
 
The condition of fish communities will also be evaluated based on the rigor of the collected data 
described above at three levels of biological organization: individual level, population level, and 
community level.  Moyle et al. (1998) and Moyle and Marchetti (1998) provided the following 
descriptions of fish health at these levels:  
 
5.3.3.3.1 Individual Level 
 
Most fish in a healthy stream should: 1) have a robust body; 2) be free of disease, parasites, and 
lesions; 3) possess demonstrate reasonable growth rates for the region; and 4) exhibit appropriate 
behavioral patterns. 
 
5.3.3.3.2 Population Level 
 
Fish populations in healthy stream environments: 1) exhibit multiple age classes indicating that 
reproduction is regularly occurring; 2) achieve a viable population size (i.e., occur in adequate 
numbers to maintain a self-sustaining population and the long-term persistence of the 
population); and 3) consist of mostly healthy individuals. 
 
5.3.3.3.3 Community Level 
 
Fish communities considered in good health in California: 1) are typically dominated by co-
evolved species; 2) have a predictable structure as indicated by limited niche overlap among 
species and trophic levels; 3) are resilient in recovering from extreme events; 4) consist of a 
persistent species membership; and 5) are replicated geographically (i.e., can be found in similar 
habitats within the drainage or in other similar drainages). 
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5.3.3.4 Use of Fry Emergence Sampling Information 
 
Trout egg development is primarily dependent on water temperature.  By recording the water 
temperature during the incubation period, the date of spawning, or emergence can be estimated if  
the date of one of the two events is known.  Water temperature, however, is highly variable, so 
average daily temperatures are used in this calculation. Each degree Fahrenheit over 32 degrees 
of the daily average water temperature is one temperature unit (e.g., 55°F would equate to 55-
32=23 units), or Daily Temperature Unit (DTU)). These units are tallied daily until they meet the 
species specific criteria for hatching or emergence.  For example, if water temperature was held 
constant at 55°F it would take 24 days for hatching (i.e., 552 DTU criteria for hatching, divided 
by 23 daily units recorded equates to 24 days).   
 
The daily temperature unit criteria will be used from Piper et al. 1982 and Senn et al. 1984 and is 
displayed in Table 5.3.3-1.  The end product of the analyses will be to establish the periodicity 
for rainbow trout spawning and hatching.   
 
Table 5.3.3-1.  Daily Temperature Units required from spawning to emergence for rainbow trout 
(Piper et al. 1982 and Senn et al. 1984).   

Average Incubation 
Temperature  

Daily Temperature Units 
 Required For Hatching 

Daily Temperature Units Required For 
Emergence 

45°F 624 1,029 
50°F 558 963 
55°F 552 957 

 
 
Agencies agreed that the measured spawning periodicity developed from this sampling and 
analysis effort will be used to set the rainbow trout spawning period in the relicensing Instream 
Flow Study Upstream of Englebright Reservoir (Study 3.10) and subsequent discussions in 
relicensing. 
 
5.3.4 Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.   The report will also contain GIS maps of sampled areas, 
organized and labeled photos of each site, and relevant summary tables and graphs.  The reported 
data will be organized by basin, reach, and site to allow for a spatial presentation of the findings.  
At the end of each sampling year, raw QA/QC’d data will be made available to Relicensing 
Participants. 
 

6.0 Study-Specific Consultation 
 
This study proposal includes the following study-specific consultation: 
 
 Invite interested and available Relicensing Participants into the field to comment on selection 

of sampling sites. 
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7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Project Preparation and Site Selection .................................................... October - November 2011 
Field Sampling ...................................................................................... June - August 2012 & 2013 
Data QA/QC ............................................................................................... September 2012 & 2013 
Prepare Report ........................................................................................................ September 2013 

 
8.0 Consistency of Methodology with Generally Accepted 

Scientific Practices 
 
The methodologies described above for stream fish population data collection are typical of 
recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $125,000 
and $175,000.  
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Study 3.9 

NON–ESA LISTED FISH POPULATIONS 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect fish in the 
Yuba River downstream of the United States Army Corps of Engineer’s (USACE) Englebright 
Dam.2 Alterations in the timing, magnitude, duration and thermal character of flow, as well as 
flow fluctuations and changes to sediment transport are a result of Project facilities that may 
cause direct and indirect affects to habitat necessary for support of fish and aquatic life in the 
lower Yuba River. 
 
This study focuses on the overall fish community and especially special-status3 fishes that occur 
or may occur in the Yuba River downstream of Englebright Dam.  These special-status fishes 
include hardhead (Mylopharodon conocephalus), Sacramento splittail (Pogonichthys 
macrolepidotus) and Sacramento-San Joaquin roach (Lavinia symmetricus ssp.), each of which is 
listed by the California Department of Fish and Game (CDFG) as Species of Special Concern. 
 
Three species listed as threatened under the ESA occur in the lower Yuba River downstream of 
Englebright Dam: Central Valley spring-run Chinook salmon (Oncorhynchus tshawytscha); 
Central Valley steelhead (O. mykiss); and the Southern Distinct Population Segment of North 
American green sturgeon (Acipenser medirostris).  These species are the subject of separate 
relicensing study proposals, but general information regarding their abundance and distribution is 
included in this study proposal to provide a comprehensive overview of the fish community in 
the lower Yuba River downstream of Englebright Dam. 
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 

3  For the purpose of this study, special-status fish are considered those species: 1) listed under the federal Endangered Species 
Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for delisting; 2) listed under the 
California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or proposed for delisting; or 3) 
formally listed by California Department of Fish and Game as a Species of Special Concern.  Fish species listed as threatened 
or endangered under the ESA or CESA are addressed in separate studies. 
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2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWALicensee believes that four agencies have jurisdiction over fish that could be potentially 
affected in the geographic area included in this study proposal:  1) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, 
National Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 
3) California Department of Fish and Game (CDFG); and 4) State Water Resources Control 
Board, Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. within the FERC Boundary and downstream of the Project as 
resources are affected by ongoing Project operations. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this study plan is to evaluate Project-related effects on non-ESA fish in the 
Yuba River downstream of Englebright Dam. The objectives of the study are to: 1) characterize 
the fish community including species composition; 2) estimate species’ relative abundance; 3) 
characterize species relative spatial distribution relating to project flows; and 4) characterize 
species-specific habitat utilization relating to project flows;.  
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4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California.  The fish community in the river has been studied since the mid-
1970’s, and these studies have shown that the river supports a diverse fish community comprised 
of anadromous and non-anadromous, native and introduced fish species.   

This study plan summarily describes five available source documents regarding fishes in the 
Yuba River downstream of Englebright Dam (i.e., field studies and data collection reports), four 
ongoing data collection efforts included in the lower Yuba River Accord Monitoring and 
Evaluation Program (Yuba Accord River Management Team (2009) referred to herein as the 
“M&E Program”), and one other data collection and monitoring program.  
 
4.1 Existing Information For Non-ESA listed Fishes Downstream of 

Englebright Dam 
 
4.1.1 Historic Studies 
 
Although Rotary Screw Trapping (RST) surveys conducted in the Yuba River near Hallwood 
Boulevard located approximately 7.5 miles upstream of the confluence of the Yuba and Feather 
rivers focused on juvenile Chinook salmon and steelhead, at least 21 species of fish were 
captured during 2003-2004 sampling (Massa 2004) and 2004-2005 sampling periods (Massa and 
McKibbin 2005).  Although these data provide information regarding the temporal distributions 
of fish species, they do not provide information regarding the spatial distribution of them 
throughout the lower Yuba River.  However, extensive fish community surveys in the Yuba 
River downstream of Englebright Dam have been conducted by electrofishing in shallow water 
river margins and side channels at 19 sites, river margin snorkeling surveys at the same 19 sites 
at which electrofishing was conducted, and mid-channel snorkeling surveys in 54 river channel 
segments (Kozlowski 2004).  In addition, electrofishing was conducted at 9 sampling sites, and 
snorkeling surveys were conducted at 39 sampling sites by Beak (1989). The results of these 
surveys provide information on the fish community in the Yuba River downstream of 
Englebright Dam and is consolidated and summarized by general reach in Table 4.1.1-1, below.  
Each of these studies is described below.   
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Table 4.1.1-1. Fish community of the lower Yuba River.   

The  Narrows Above  DPD B e low DPD B ackwate r Re ach
(RM  24 to RM  22) (RM  22 to RM  11.5) (RM  11.5 to RM  3.5) (RM  3.5 to RM  0)

prickly/riffle sculpin/            
Cottus sp.
Sacramento sucker/       
Catostomus occidentalis
speckled dace/         
Rhinichthys osculus
steelhead/rainbow trout/              
Onchorhynchus mykiss
Chinook salmon/        
Oncorhynchus tshawytscha
Sacramento pikeminnow/         
Ptychocheilus grandis
American shad/                 
Alosa sapidissima
tule perch/                    
Hysterocarpus traski
striped bass/                     
Morone saxatilis
Pacific lamprey/                           
Lapetra tridentatus
hardhead/           
Mylopharodon conocephalus
green sunfish/                 
Lepomis cyanellus
bluegill/                          
Lepomis macrochirus
mosquitofish/                
Gambusia affinis
redear sunfish/                  
Lepomis microlophus
California roach/                     
Lavinia symmetricus
smallmouth bass/                    
Micropterus dolomieui

M ost Abundant
Abundant 
Rare
Not Present

                                                   
Common Name/
Scientific Name

Re ach

Spe cie s  

Legend

 
 
 
4.1.1.1 California Department of Fish and Game (CDFG) 1991 
 
CDFG (1991) indicates that assessment of aquatic resources in the Yuba River downstream of 
Englebright Dam began between 1986 and 1988, when CDFG and its contractor (Beak 
Consultants Inc. 1989) conducted studies addressing fish community structure.  The studies were 
conducted in four reaches: 1) Narrows Reach extending below Englebright Dam from at RM 24. 
to the downstream side of the Narrows 1 and Narrows 2 powerhouses at RM 22; 2) Garcia 
Gravel Pit Reach beginning downstream of the Narrows Reach at RM 22 and extending to the 
USACE’s Daguerre Point Dam4 at approximately RM 11.5; 3) Daguerre Point Dam Reach 
                                                 
4  Daguerre Point Dam was constructed by the California Debris Commission in 1910; is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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extending to the downstream terminus of the Yuba Goldfield at approximately RM 3.5; and 4) 
the Simpson Lane Reach approximately 3.5 to the confluence with the Feather River at RM 0 in 
the town of Marysville.  The results of the Beak (1989) studies led to the development of 
CDFG’s Lower Yuba River Fisheries Management Plan Final Report in 1991. 
 
According to CDFG (1991), electrofishing and snorkel survey techniques were used to gather 
data on the aquatic community because each method addressed different informational needs of 
the study.  Snorkeling surveys allowed for the characterization of juvenile salmonid habitat 
during spring months that were otherwise inaccessible to boat electrofishing, such as shallow 
near shore and riffle areas.  Electrofishing was conducted primarily to assess those species that 
were under-represented in snorkel surveys.  Nine sites throughout the four study reaches were 
electrofished during February 1987 including 1 site in the Narrows Reach, 3 sites in the Garcia 
Gravel Pit Reach, 2 sites in the Daguerre Point Dam Reach, and 3 sites in the Simpson Lane 
Reach. All sites except the two Daguerre Point Dam Reach sites were sampled again during May 
1987.  Snorkel surveys were conducted at 39 sites within the four study reaches including five 
sites in the Narrows Reach, 10 sites in the Garcia Gravel Pit Reach, 12 sites in the DPD Reach (7 
immediately downstream of Daguerre Point Dam and 5 downstream of Hallwood Boulevard), 
and 12 sites in the furthest downstream Simpson Lane Reach. 
 
Relative abundance estimates from electrofishing indicate Chinook salmon and Sacramento 
sucker were the most abundant species, comprising 49 percent and 32 percent of total 
electrofishing catch by number, respectively.  Most other species represented less than 1 percent 
of total abundance, including steelhead/rainbow trout, Pacific lamprey, hardhead, California 
roach, speckled dace, and centrarchid species (e.g., smallmouth bass, blue gill, and green 
sunfish).  Snorkel survey abundance estimates similarly suggested Chinook salmon was the most 
abundant fish species representing 49 percent of all fish observed.  However, steelhead/rainbow 
trout comprised 22 percent of total observations, followed by Sacramento sucker (11%) and 
Sacramento pikeminnow (10%). No American shad were captured or observed by either 
electrofishing or snorkel surveys, possibly due to low water conditions during the spring of 1987 
and 1988 as postulated by CDFG (1991). 
 
CDFG (1991) captured a total of 1,707 fish by electrofishing.  Only three fish species (i.e., 
Chinook salmon, Sacramento sucker and green sunfish) were captured in the Narrows Reach.  
Diversity was greater in the Garcia Gravel Pit Reach including Chinook salmon, 
steelhead/rainbow trout, speckled dace, hardhead, Sacramento pikeminnow, Sacramento sucker, 
green sunfish, bluegill, and riffle sculpin.  Six of these 10 species were similarly sampled from 
the Daguerre Point Dam Reach excluding steelhead/rainbow trout, speckled dace, and the two 
sunfish species.  Pacific lamprey, smallmouth bass, and tule perch were only collected in the 
most downstream sampling sites. 

A total of 8,815 fish was observed during CDFG (1991) snorkeling surveys.  Chinook salmon 
and steelhead/rainbow trout were present in all four reaches and were the only fish observed just 
below Englebright Dam. Pacific lamprey, Sacramento pikeminnow, Sacramento sucker, 
smallmouth bass, and riffle sculpin were observed in all sampling sites downstream of the 
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Narrows Reach.  Hardhead and tule perch were only observed downstream of Daguerre Point 
Dam.  CDFG (1991) reported that American shad and striped bass were confined to the area 
downstream of Daguerre Point Dam, and that few shad appear able to use the fishways at the 
dam. 
 
According to CDFG (1991) speckled dace and Pacific lamprey densities were highest in the fast 
flowing riffle and run/glide habitats, whereas, Sacramento sucker and Sacramento pikeminnow 
were observed in both deep pools (adults and juveniles) and shallow pools (juveniles). 
 
4.1.1.2 Kozlowski (2004) 
 
Kozlowski (2004) conducted electrofishing (early-July and late-August), a river margin survey 
(mid-August) just prior to the second electrofishing period during 2000, and two mid-channel 
snorkel surveys (late-July and early-September).  In addition, he reviewed 1999-2000 salvage 
data for the Hallwood-Cordua canal, a diversion canal located at Daguerre Point Dam, and 1999-
2001 trapping data for the Hallwood rotary screw trap (RST) near Hallwood Boulevard.  
Kozlowski (2004) observed a total of at least 12 species including sculpin, speckled dace, 
Sacramento sucker, Sacramento pikeminnow, Chinook salmon, rainbow trout, hardhead, tule 
perch, American shad, striped bass, and lamprey.  Kozlowski (2004) used “rainbow trout” to 
refer to O. mykiss regardless of the potential presence of forms with different life history patterns 
involving anadromy or non-anadromy. 
 
The study focused on the portion of the river between Marysville and the Narrows within the 
following four reaches: 1) the Simpson Lane Bridge (about RM 3.2) to the Yuba Goldfields 
(about RM 8.3); 2) the western boundary of the Yuba Goldfields (about RM 8.3) to Daguerre 
Point Dam (about RM 11.5); 3) upstream from Daguerre Point Dam (about RM 11.5) to the 
upstream side of Long Bar (about RM 16.2); and 4) Highway 20 (about RM 16.2) to the 
downstream side of the Narrows (about RM 22.2). 
 
A total of 6,224 fish representing 8 taxa in 6 families was collected by electrofishing.  All fish 
collected, with the exception of one green sunfish, were native species.  Rainbow trout (3,053) 
dominated the catch numerically, followed by prickly and riffle sculpins (2,079), speckled dace 
(730), Sacramento sucker (309), Sacramento pikeminnow (46), Chinook salmon (5), tule perch 
(1) and green sunfish (1).  The majority of fish collected was juveniles, although adult sculpins 
and speckled dace also were collected.  Speckled dace was the numerically dominant species 
collected in the reach immediately upstream of Daguerre Point Dam.  Overall, sculpin was the 
second most abundant species captured by electrofishing, and was the most abundant species 
collected downstream of Daguerre Point Dam.  Sacramento pikeminnow were distributed 
throughout the study area, although juvenile Sacramento pikeminnow were never very abundant.  
Sacramento pikeminnow were collected at sites above and below Daguerre Point Dam, although 
their distribution was limited to the more downstream sites in both of these reaches. 

A total of 10 taxa of fish, representing 7 families, was observed by direct observation during 
snorkel surveys of mid-channel habitats.  Direct observation accounted for an additional four 
taxa, and three families of fish not collected by electrofishing including American shad, 
hardhead, striped bass, and Pacific lamprey.  Of these four species, only hardhead and lamprey 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan Non-ESA Fish Below Englebright 
 ©2011, Yuba County Water Agency Page 7 of 21 

are native to California.  The relative abundance of fish species observed by mid-channel 
snorkeling, in order of decreasing numerical abundance was Sacramento sucker, adult Chinook 
salmon, Sacramento pikeminnow, hardhead, American shad, striped bass, tule perch, and adult 
lamprey.  Sacramento sucker was the most abundant species observed during snorkel surveys of 
mid-channel habitats and was widely distributed throughout all reaches.  Kozlowski (2004) 
observed hardhead in all study reaches between Englebright Dam and the confluence of the Yuba 
River with the Feather River, although hardhead abundance estimates were generally low, often 
numbering fewer than 6 individuals.  Kozlowski (2004) observed Sacramento pikeminnow in all 
study reaches during mid-channel snorkel surveys, although Sacramento pikeminnow were more 
commonly observed downstream of Daguerre Point Dam.  Kozlowski (2004) observed one adult 
lamprey during the first mid-channel snorkel survey (early-August) downstream of the dam.  
Observations of American shad were limited to only two habitats that each contained a school 
larger than 25 individuals confined to the area downstream of DPD. 
 
Kozlowski (2004) observed fewer fish during river margin snorkel surveys than the first 
electrofishing sampling period.  River margin snorkel surveys observed a total of 318 fish that 
represented 5 taxa and 3 families.  All fish observed in river margin habitats were native species. 
Species observed in order of decreasing numerical abundance were rainbow trout, Sacramento 
pikeminnow, Sacramento sucker, speckled dace, and juvenile Chinook salmon. 
 
Kozlowski (2004) found that native species dominated the fish fauna, and introduced species 
were typically observed occupying habitats downstream of Daguerre Point Dam as opposed to 
habitats upstream of the dam. A greater number of species were documented downstream of the 
dam relative to the number observed upstream of the dam, despite similar sampling effort above 
and below the dam.  According to Kozlowski (2004), Sacramento sucker in the Yuba River had 
the widest distribution of any species other than rainbow trout.  Rainbow trout were the dominant 
species documented at most of the sites upstream of Daguerre Point Dam.  Speckled dace were 
the dominant species documented immediately upstream of the dam.  Sculpin was the dominant 
species documented at all sites downstream of Daguerre Point Dam.  Although rainbow trout and 
sculpins were documented at sites downstream and upstream of Daguerre Point Dam, 
respectively, species abundance at these locations was low.  No more than 5 striped bass were 
ever observed within a single habitat and all were observed downstream of the dam. 
 
4.1.1.3 Massa 2004; and Massa and McKibbin 2005 
 
Rotary Screw Traps (RSTs) were installed in the lower Yuba River as part of the Central Valley 
Project Improvement Act’s (CVPIA), Anadromous Fish Restoration Program (AFRP) for 
gathering information concerning juvenile salmon and steelhead trout life history strategies in the 
lower Yuba River (Massa 2004; Mass and McKibbin 2005).  Although the focus of these studies 
were on juvenile Chinook salmon and steelhead, at least 21 species of fish were captured during 
the 2003-2004 sampling (Massa 2004) and 2004-2005 sampling periods (Massa and McKibbin 
2005).  Data were obtained on the temporal distribution of salmonid and non-salmonid fishes 
throughout the course of the sampling periods. Abiotic data (e.g., flows, temperature and 
turbidity) were recorded corresponding to daily observation of downstream movement of fishes. 
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4.2 Ongoing Data Collection and Monitoring Activities 
 
In addition to the previously conducted studies, numerous data collection and monitoring 
activities continue to be implemented on the Yuba River downstream of Englebright Dam, 
including monitoring being conducted by the Yuba Accord RMT, as well as activities being 
conducted by other agencies and organizations. Several of these activities are obtaining and 
developing information pertinent to the fish community of the lower Yuba River. 
 
4.2.1 Lower Yuba River Accord Monitoring and Evaluation Program 
 
The Yuba Accord River Management Team (RMT), in collaboration with representatives from 
University of California at Davis and the Pacific States Marine Fisheries Commission, has 
developed a Monitoring and Evaluation Program (M&E Program) to guide the efficient 
expenditure of approximately $6 million to evaluate the effects of implementation of the Yuba 
Accord on the aquatic resources of the Yuba River downstream of Englebright Dam over the 
period extending from 2008 through 2016.  The parties to the Fisheries Agreement of the Yuba 
Accord intended that the monitoring and data collection activities implemented via the M&E 
Program will supplement information collected for the Federal Energy Regulatory Commission 
(FERC) relicensing of YCWA’s Yuba River Development Project. 
 
The RMT is comprised of representatives of the YCWA; United States Department of 
Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NMFS); United States Fish and Wildlife Service (USFWS); CDFG; Pacific Gas and 
Electric Company (PG&E); California Department of Water Resources (DWR) and the non-
governmental organizations that are parties to the Fisheries Agreement of the Yuba Accord (i.e., 
South Yuba River Citizens League, Trout Unlimited, Friends of the River and The Bay Institute).  
The RMT engaged Pacific States Marine Fisheries Commission (PSMFC) staff to undertake the 
field study work, with secured funding provided by YCWA under the terms of the Lower Yuba 
Accord Fisheries Agreement. 
 
In addition to focused studies on anadromous salmonids listed as threatened and endangered 
under the EA, the M&E Program was designed by RMT to monitor and evaluate the fish 
community of the Yuba River downstream of Englebright Dam.  One of the primary purposes of 
the M&E Program is to provide the monitoring data necessary to evaluate whether 
implementation of the Yuba Accord will maintain fish resources (i.e., the fish community 
including native fish and non-native fish) in good condition, pursuant to Fish and Game Code 
Section 5937.  The M&E Program embraces a monitoring-based adaptive management approach 
to increase the effectiveness of, and to address the scientific uncertainty associated with, specific 
monitoring and study activities, and restoration actions. Within the framework of this M&E 
Program, the RMT retains the flexibility to revise monitoring actions to address specific issues or 
obtain additional information. 
 
In the Yuba Accord M&E Program, analytical steps (“analytics”) are specified to address 
population metrics of the fish community in the Yuba River downstream of Englebright Dam, 
and examine potential relationships between measures of population metrics and flows and water 
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temperatures resulting from implementation of the Yuba Accord.  Data for examination of 
potential relationships between population metrics and flows and water temperatures are 
obtained from the specific sampling Protocols and Procedures.  The Yuba Accord M&E Program 
includes study plans, referred to as Protocols and Procedures, to obtain data and evaluate and 
characterize physical habitat conditions including: 1) Flow and Water Temperature Monitoring; 
2) Topographic Mapping (Digital Elevation Model, or DEM); 3) Substrate and Cover Mapping; 
4) 2-D Hydrodynamic Modeling; 5) Mesohabitat Classification; and 6) Riparian Vegetation 
Mapping.  Each of these protocols and procedures is described in the TM&E Anadromous 
Salmonid Study Plan, and are available for review on the RMT website at 
www.yubaaccordrmt.com.  In addition to the Protocols and Procedures addressing physical 
habitat conditions in the river, the RMT has developed a suite of Protocols and Procedures in 
accordance with the M&E Program, several of which will obtain information regarding the fish 
community of the river downstream of Englebright Dam, including: 
 
 Snorkel Surveys  

 Redd Surveys  

 Rotary Screw Trapping  

 VAKI Riverwatcher Monitoring 
 
The Yuba Accord M&E Program Protocols and Procedures addressing the fish community are 
summarized below. 

4.2.1.1 RMT Snorkel Surveys 
 
The overall goal of the Snorkel Surveys Protocol and Procedure is to study anadromous salmonid 
diversity and habitat occurrence, in addition to characterizing the fish community in the Yuba 
River downstream of Englebright Dam.  This Protocol and Procedure, currently under 
development by the RMT, evaluates abiotic variables potentially affecting fish diversity and 
habitat occurrence including external forces (i.e., daily cycle, time of year, flow, and fluvial 
landform structure), and internal responses to specific combinations of the external forces (i.e., 
spatial pattern of water depth, velocity and mesohabitat pattern). 
 
It is anticipated that 2 years of snorkel survey sampling will be conducted, beginning during 
winter of 2011.  Sampling months will be selected so that all juvenile salmonid life stages will be 
present in the river during the course of snorkeling activities, although sampling may be 
extended through the summer.  The study area for the snorkel surveys is the Yuba River from 
Englebright Dam to the confluence of the Yuba and Feather Rivers near Marysville.  This study 
length includes a diverse assemblage of mesohabitat types as indicated by the observed riffle 
habitat spacing at approximately 4-7 bankfull widths as in most gravel-bed rivers.  The rapids in 
the Narrows will not be sampled due to potential safety issues. 
 
The specific sampling design continues to undergo refinement by the RMT.  However, at this 
time, it is anticipated that a morphological unit (up to 9 in-channel types and 3-5 edge types) 
oriented sampling strategy, stratified by river reach (up to 8 reaches based on geomorphic 
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principles) will be employed.  The objective of the survey sampling design is to obtain a strong 
geographical distribution suitable for longitudinal analysis.  Prior to each sampling survey, 
specific localities will be identified using GIS and uploaded to Trimble GPS units for easy field 
location. 
 
Divers will evaluate visibility by taking NTU measurements before sampling each day to 
determine if surveying is warranted.  For each day of sampling, “effective visibility” will be 
measured using a standard “4” lure and measured maximum distance for underwater 
identification of parr marks. 
 
Surveys will be conducted with three people in the river and a fourth on the river bank.  A 
second bank recorder may be necessary for units with high densities of fish.  Channel units will 
be surveyed by divers daily beginning at the downstream end of the channel unit working 
towards the upstream end of the channel unit whenever possible.  This includes working in an 
upstream direction along channel margins in swift areas.  In deep, high velocity areas of the river 
where snorkelers are physically unable to snorkel upstream, they will survey the area by drifting 
downstream 3 abreast.  In some areas of the river, it may be impossible to conduct snorkel 
surveys in either direction due to water velocity and in river hazards (i.e., rapids, rocks).  In these 
non-sampled areas, probability statistics may need to be applied.  Fish that are disturbed during 
the survey (i.e., swimming away and/or seeking refuge) will not be considered to be exhibiting 
normal behavior.  When undisturbed fish are located, snorkelers will first take a still image using 
their mask-integrated digital camera. 
 
Snorkeling effort will not be uniform in all channel units because the river ranges in width from 
10-100 meters.  Snorkelers will maintain “lanes” during surveys, spaced so that they are 3 meters 
apart.  Snorkelers are responsible for surveying the area 1.5 meter on either side of their path 
through the river.  The snorkeler closest to the bank should maintain a distance 1.5 meters from 
the bank and is responsible for surveying the area from the bank to an imaginary line 3 meters 
from the bank.  Backwater habitats and off-channel pools will be visually sampled by the nearest 
surveyor. 
 
Snorkelers will identify species and life stage, estimate fish length, and measure water depth in 
which a fish is observed.  Fish length will be estimated in 20-mm size increments (i.e., 30-50 
mm, 50-70 mm, etc.), which is believed to be the smallest interval that trained divers can 
distinguish.  When a group of fish is observed, and it is not possible to characterize them all 
individually, then counts of the number of fish in habitat “patches” (defined by the area of 
riverbed that can be effectively observed by a single diver) will be made.  A colored weight 
(large washers, fishing leads) with attached numbered tag will be placed on the bed to mark the 
location of either a single fish being observed or the central location of a group of fish too 
numerous to identify each one. 
 
Once the entire channel unit has been surveyed, two divers will walk or drift back downstream 
with a Trimble Global Positioning Unit (GPS) to relocate and record the GPS location for all bed 
tags identified during the snorkel survey, in order to be able to characterize water depth, water 
velocity, proximity to cover, and other geomorphic features. 
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The area of non-sampled channel resulting from excessive water velocity will be quantified at a 
representative snorkeling discharge, or range of discharges, and subsequently classified as 
“swimmable” and “unswimmable” areas, as part of the M&E Program 2D Hydrodynamic Model 
of the Yuba River downstream of Englebright Dam.  The resulting two multi-feature GIS vector 
polygons will be intersected with the M&E Program Mesohabitat Map, as appropriate for that 
discharge, and used to determine the relative abundances of non-sampled mesohabitat at the 
lower Yuba River, and study-site-only spatial scales. 
 
Data obtained during conduct of the Snorkel Survey Protocol and Procedure will be compiled in 
a Microsoft Access database, and annual data reports will be prepared and made available on the 
RMT website www.yubaaccordrmt.com. 
 
4.2.1.2 RMT Redd Surveys 
 
The Redd Survey Protocol and Procedure was designed by the RMT for the M&E Program 
primarily to obtain spatial, temporal, and microhabitat utilization information for anadromous 
salmonids in the Yuba River downstream of Englebright Dam.  However, the redd surveys have 
and will continue to collect spawning information on non-ESA species during the course of the 
surveys. 
 
Redd surveys were conducted during the 2008-2009 and 2009-2010 sampling years.  Annual 
study reports that summarize the sample year data are posted on the RMT website 
(www.yubaaccordrmt.com) as the reports are completed and approved by the RMT. Redd 
surveys will continue in 2010-2011, and also may be conducted in subsequent years pending 
results, as evaluated by the RMT. 
 
Reconnaissance-level redd surveys will begin in August and extend to May each year.  Prior redd 
surveys have documented the initiation of Chinook salmon spawning activity from about mid-
August to mid-September.  Redd surveys will begin the week after a Chinook salmon redd is 
first observed during the reconnaissance-level redd survey and extend through about May 1 (or 
until newly constructed steelhead redds are no longer observed).  This duration will encompass 
the spawning seasons of spring-run, fall-run, and late-fall run Chinook salmon, and steelhead, as 
well as the spawning periods for nest-building non-ESA fishes such as Sacramento sucker and 
lamprey. 
 
From the 2008-2009 pilot redd survey data and a simulation approach, a weekly sampling 
frequency was found to result in the most precise and accurate (least biased) estimates of 
spawning activity.  Therefore, weekly redd surveys will be conducted from the initiation of 
spawning activity until May each year beginning during the 2010-2011 redd survey and 
subsequent surveys. 
 
Several species of fish exist in the lower Yuba River known to construct redds including 
Chinook salmon, steelhead, Sacramento sucker (Catostomus occidentallis), and Pacific lamprey 
(Lampetra tridentata). Visual differentiation between steelhead redds and Sacramento sucker, 
and Pacific lamprey spawning nests is of concern because these three species clean the gravel 
during spawning.  Suckers do not typically spawn until late-March and April, and are generally 
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visible during their spawning season.  Steelhead redds are generally easy to distinguish, because 
they create a noticeable pit and tail spill in the gravel during redd construction.  The Oregon 
Department of Fish and Wildlife (1999) distinguish lamprey spawning nests and steelhead redds 
using redd/nest dimension measurements.  A steelhead redd is distinguished by a longer length 
than width and the tailings are evenly distributed downstream by the current.  Lamprey spawning 
nests generally have a neat and round appearance, with a conical bowl.  The unique characteristic 
of a lamprey spawning nest is the placement of the tailings upstream from the nest.  Lamprey  
excavate their spawning nests by sucking onto the gravel and then depositing it outside the nest. 
 
Species-specific redd identification will be conducted by comparing the physical dimensions and 
locations for all known redds (i.e., redds which were positively identified with one species or 
another building or guarding them).  During the redd surveys, each redd observed with an adult 
building or guarding them will be measured, and the species identified and recorded. Results 
from the 2008-2009 and 2009-2010 redd surveys in the lower Yuba River indicated that  lamprey 
were observed spawning in late-March and early-April in the most downstream sampling reach 
of the lower Yuba River, where sand was the subdominant substrate. 
 
Approximately 20.9 miles. of the 24 miles of total length of the Yuba River downstream of 
Englebright Dam will be surveyed during the redd surveys.  About 0.7 mile of the river located 
immediately below the first set of riffles downstream of Deer Creek to the top of Narrows Pool 
will not be surveyed due to rugged and dangerous conditions in the steep canyon known as the 
Narrows.  Additionally, an approximate 2 mile section from Simpson Lane Bridge to the 
confluence with the Feather River will not be regularly surveyed because spawning has not been 
observed in this location during past surveys. 
 
The 2010-2011 redd surveys, and any subsequent surveys, will be conducted using two catarafts 
rather than the four kayaks used during the 2008-2009 and 2009-2010 redd surveys.  Each 
surveyor, wearing polarized sunglasses, will scan the river from the shore to the middle of the 
river, working downstream.  Side channels in the survey area may require walking.  Visibility 
will be measured using a Secchi disk at the top of the survey section. 
 
Deep water surveys will be conducted during the 2010-2011 redd survey period in addition to the 
surveys conducted by cataraft. The specific methods employed for the deep-water surveys are 
being field tested during the winter and late-summer of 2010. 
 
For each new redd observed throughout the sampling season, the following data will be 
recorded: 1) a GPS (Trimble GeoExplorer XT) location taken at the center of the redd’s pit with 
a unique identifying number (i.e., date and redd number; i.e. 082908-001); 2) total dimensional 
area using a GPS for areas appearing to contain multiple redds with no clear boundaries (i.e., 
mass aggregate spawning); 3)  habitat type (i.e., pool, riffle, run, or glide); 4) substrate 
composition of ambient habitat based on substrate size immediately upstream of the pit; 5) redd 
species identification; 6) number of fish observed on the redd; 7) location information (i.e., side 
channel or main channel); 8) comments regarding observable redd superimposition (i.e., redd 
overlap); and 9) any additional comments. 
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The path undertaken by each surveyor down the river will be recorded using Garmin GPSMAP 
60C x GPS units to document specific locations of the river surveyed. The GPS and a data 
dictionary will be used to ensure redds counted during the previous survey weeks are not double-
counted. In addition, surveyors will mark each redd at the pit with a painted rock. 
 
At each fresh redd located, measurements of mean water column velocity, “nose velocity” (i.e., 
fish focal point water velocity, which is the water velocity at an observed fish’s position or, when 
a fish is not observed actively preparing a redd, at the predetermined distance of 0.5 ft above the 
undisturbed streambed), total water depth and visual estimates of substrate composition will be 
made to approximate habitat conditions prior to gravel disturbance caused during redd 
construction.  All measurements will be made 0.5 ft upstream of the leading edge of the pit along 
the mid-line of the redd, unless field personnel determine that measurements adjacent to the mid-
point of the pit are more representative of undisturbed conditions for that specific location.  The 
specific location of the measurements will be recorded on the data sheet. 
 
Redd substrate composition will be visually estimated as percentage composition (to the nearest 
10 percent) of each of eight size categories. Prior to conducting the redd surveys, the field survey 
crews will become familiar with visual substrate size estimation by having undergone training by 
visually estimating substrate size, then comparing those estimates to results obtained by passing 
those substrate elements through a gravel template.  Visual estimation of substrate sizes will be 
along the B axis of the substrate elements. 
 
Data from the Redd Survey Protocol and Procedure are compiled in a Microsoft Access 
database, and annual data reports are prepared and available on the RMT website 
www.yubaaccordrmt.com. 
 
4.2.1.3 RMT Rotary Screw Trapping 
 
The Rotary Screw Trapping Protocol and Procedure was designed by the RMT for the M&E 
Program primarily to obtain information on emigrant juvenile anadromous salmonids.  However, 
the rotary screw trapping surveys have collected information on non-ESA species during the 
course of the surveys including species composition, abundance, temporal distribution, and size 
(length and weight) information. 
 
RST sampling at the Hollwood Boulevard sampling site (approximately 0.5 mi. upstream of 
Hallwood Boulevard at RM 7.5) has been conducted seasonally on the lower Yuba River from 
1999 to 2005 and year-round from 2006 to 2009.  RST sampling was suspended in August of 
2009 and currently there are no plans to resume RST operations. 
 
The RSTs were fished year-round, with the survey period defined as October 1 through 
September 31. Interruptions of sampling effort within a particular survey period due to, for 
example, excessive debris or high streamflow, is recorded and justified. 
 
The M&E Program RST activities have utilized a set of three RSTs near Hallwood Boulevard 
(approximately 0.5 mi. upstream of Hallwood Boulevard at RM 7.5).  A fourth trap was intended 
for use upstream of Daguerre Point Dam, although the exact location was not chosen.  Two of 
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the RSTs at the Hallwood Boulevard location were conically shaped with a cone diameter of 8 
feet. The two 8-ft RSTs (RST 1 and RST 2) are fished in tandem and tethered to a rock anchor 
and set approximately 100 feet downstream of the 5-ft RST.  The third RST at the Hallwood 
Boulevard location has a cone diameter of 5 feet, tethered by an earth anchor situated toward the 
downstream end of a large gravel bar. 
 
A field crew of two to three technicians service the RSTs at least once per day to document their 
operational status, remove trapped fish from the live box, estimate rotation speed, remove debris, 
and record water temperature (°C), velocity (feet per second), and turbidity (NTUs).  During 
periods of excessive algae growth (June-October), high debris loads, or high river flow events 
the RSTs are serviced at least twice per day to keep them rotating continuously and reduce fish 
mortality. 
 
Captured fish are processed on the bank of the river each day of sampling. Species are identified, 
enumerated, and measurements of fork length (mm) are made. 
 
Data from the RST Protocol and Procedure are compiled in a Microsoft Access database, and 
annual data reports are prepared and available on the RMT website www.yubaaccordrmt.com. 
 
4.2.1.4 RMT VAKI™ Riverwatcher Fish Counter Monitoring 
 
The VAKI™ Riverwatcher Protocol and Procedure was designed by the RMT for the M&E 
Program to be used in conjunction with data collected from redd surveys, carcass surveys, and 
angler surveys to monitor salmonid fish passage and abundance in the lower Yuba River.  
However, the VAKI™ Riverwater monitoring data set can provide information on non-ESA 
fishes including species composition, abundance, temporal distribution, and fish passage trends 
for non-ESA fishes as well. However, because the VAKI™ Riverwatcher units are located in 
approximately the middle of the lower Yuba River (approximately RM 12) it can be difficult to 
accurately estimate abundance for any species for the entire lower Yuba River. VAKI™ System 
down times, a minimum fish size limit required to activate the system, and high flow events 
additionally complicate the accuracy in fish identification, estimating abundance, and describing 
species composition reducing the utility of this tool for monitoring of non-ESA fishes. 
 
 
The VAKI™ Riverwatcher system is operated year-round for monitoring fish migration in the 
Yuba River downstream of Englebright Dam. The VAKI™ Riverwatcher system began 
operation during 2003, and is anticipated to be operated continuously at least through 2014.  For 
the FERC Relicensing process, a report summarizing monitoring and evaluation activities will be 
prepared by October 2012, and available for review. 
 
Fish passage monitoring is conducted using two separate VAKI™ Riverwatcher systems, in 
conjunction with digital photography or videography, located in the north and south fish ladders 
at DPD. The VAKI Riverwatcher system records both silhouettes and electronic images or short 
pieces of video of each fish passage event.  By capturing silhouettes and images, fish passage can 
be accurately monitored even in under turbid conditions. 
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Data collection for individual fish passage events are automatically recorded by the VAKI™ 
Riverwatcher systems. The VAKI™ Riverwatcher systems record the time/date of each fish 
passage event, the upstream or downstream direction of passage, the speed of the fish moving 
through the system (m/sec), the fish’s body depth (mm), and logs water temperature every hour. 
To maximize the accuracy of passage estimates generated by the VAKI™ Riverwatcher systems, 
a full-time technician is employed to monitor the systems and minimize system off-line events. 
 
Data from the VAKI™ Riverwatcher Monitoring Protocol and Procedure are compiled in the 
proprietary program Winari, exported and summarized in Microsoft™ Excel, and annual data 
reports are prepared and available at the RMT website www.yubaaccordrmt.com. 
 
4.2.2 Other Data Collection and Monitoring Programs 
 
Several data collection and monitoring activities have been, and continue to be implemented on 
the Yuba River downstream of Englebright Dam by a variety of agencies and organizations. 
Information obtained through the following data collection and monitoring activities pertinent to 
non-ESA fish species are described below. 
 
4.2.2.1 CDFG Angler Surveys 
 
Section 3406(b)(16) of the Central Valley Project Improvement Act (CVPIA) specifies that a 
monitoring and assessment program would be developed to evaluate the effectiveness of 
implemented restoration actions. The Comprehensive Assessment and Monitoring Program 
(CAMP) was established for this purpose.  Nine sport fish species found in Central Valley rivers 
are considered target species and are assessed by the CAMP harvest monitoring including 
Chinook salmon, steelhead, rainbow trout, striped bass, sturgeon (all species), American shad, 
catfish (all species), sunfish (all species), and black bass (all species). 
 
CDFG has conducted angler surveys on the Yuba River from 1998 through 2001. Angler surveys 
on the Yuba River resumed in January 2008 and will be conducted into the future. River sections 
for the Yuba River downstream of Englebright Dam are surveyed year-round by CDFG (D. 
Massa, CDFG, pers. comm., 2009). All sample sections are surveyed eight randomly-selected 
days per month; four weekdays and four weekend days. Weekdays and weekend days are placed 
in separate strata due to the increase in angling effort commonly associated with weekend days. 
 
Two river sections are surveyed by the Central Valley Angler Survey on the Yuba River 
including: 1) Marysville to Daguerre Point Dam; and 2) Daguerre Point Dam to 1 mile upstream 
of the Highway 20 Bridge.  These sites are surveyed via kayak, so the angler count and interview 
data are collected in tandem as the surveyor travels downstream with the current.   Start time and 
launch location are randomized using a random number generator. 
 
Field data required to calculate angler use and catch estimates include hourly counts, angler 
counts, and angler interviews.  During the angler count, time and location of anglers is collected, 
as well as parameters for angler effort such as the number of boats, the number of boat or shore 
anglers, and the start and finish times.  An interview of all anglers observed during the angler 
count is preferable.  However, if not feasible, then every nth angler is interviewed.  Data collected 
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during each interview includes: 1) angler location by river mile; 2) fishing method (boat or 
shore); 3) number of hours fished to the nearest quarter-hour; 4) number of anglers in group; 5) 
target species; 6) zip code; 7) whether the trip was completed; and 8) the number of fish kept 
and/or released by species. 
 
Length is used to differentiate between steelhead and rainbow trout. All rainbow trout 16 inches 
or greater are considered to be steelhead.  Rainbow trout less than 16 inches are recorded as 
rainbow trout.  For Chinook salmon, steelhead/rainbow trout, striped bass, and sturgeon, fish are 
measured to the nearest ½ centimeter and inspected for any marks or tags. 
 
4.2.3 Need for Additional Information 
 
Because of the information available from previously conducted studies and ongoing data 
collection and monitoring activities, particularly from the Yuba Accord M&E Program 
addressing physical habitat and the non-ESA fish community in the lower Yuba River 
downstream of the Englebright Dam, it is anticipated that little, if any, additional field-based data 
collection will be needed to describe the non-ESA listed fishes in the Yuba River downstream of 
Englebright Dam for the purpose of assessing potential Project effects and development of 
protection, mitigation and enhancement (PM&E) measures to be included in a new license for 
the Project. However, compilation of the various data into a single report would be useful. For 
the FERC relicensing process, a report summarizing monitoring and evaluation activities will be 
prepared by September 2012. 
 
Depending upon the outcome of data collection efforts for the M&E Program and other current 
research, there may be a need for some additional field data collection. , and if it is determined 
that additionalIf additional field data collection would be useful, collaboration with the Yuba 
Accord River Management Team (RMT) and other groups conducting research on non-ESA fish 
species in the lower Yuba River will be required.  
   

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Yuba River from the Englebright Dam downstream to the confluence 
with the Feather River. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation. 
Metadata will be Federal Geographic Data Committee (FGDC) compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) between basins (e.g., Middle Yuba River, Yuba River, 
and North Yuba River); and 3) between isolated wetlands or ponds and river or stream 
environments. 

 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Non-ESA Fish Below Englebright RevisedProposed Study Plan AugustApril 2011 
Page 18 of 21 ©2011, Yuba County Water Agency 

5.3 Study Methods 
 
This study will consist of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct fish community analysis 
using available information; and 4) prepare report.  Each of these steps is described below. 
 
5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding non-ESA fish populations in the Yuba River downstream of Englebright 
Dam will be obtained from previously conducted RMT studies, (M&E Program through 2011)  
and other research groups, including the dates and locations of data collection to the extent 
possible, fish species composition, species diversity, relative abundance, temporal distribution, 
habitat utilization, and spatial distribution. Additionally, if available, flow and temperature 
information will be compiled from available records corresponding to dates and locations of non-
ESA fish species collections to examine potential relationships between flow and temperature, 
other abiotic variables, and species-specific population and community metrics including species 
composition, species diversity, relative abundance, temporal distribution, habitat utilization, and 
spatial distribution. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program ongoing monitoring and evaluation 
studies (through 2011), and CDFG Angling surveys, will be compiled in an electronic Microsoft 
Access database (M&E Program Snorkel Survey, Redd Survey, Rotary Screw Trapping 
protocols and procedures, and CDFG Angling Surveys) or in a Microsoft Excel spreadsheet 
(M&E Program VAKI Riverwater Protocol and Procedure). The Yuba Accord M&E Program 
will characterize physical habitat conditions including: 1) Flow and Water Temperature 
Monitoring; 2) Topographic Mapping (Digital Elevation Model); 3) Substrate and Cover 
Mapping; 4) 2-D Hydrodynamic Modeling; 5) Mesohabitat Classification; and 6) Riparian 
Vegetation Mapping.  Physical habitat information obtained during the conduct of these 
protocols and procedures also will be compiled in an electronic database. These data will be used 
to characterize species-specific habitat utilization. 
 
5.3.3 Step 3 – Conduct Fish Community Analysis 
 
The fish community analysis for this study plan will present analysis of the fish community data 
to characterize species composition, relative abundance (i.e., percent composition by number), 
diversity, temporal and spatial distribution, and habitat type utilization conducted by the RMT 
and presented in the draft M&E Program report. 
 
5.3.4 Step 4 – Prepare Report 
 
The report for this study plan will be a synthesis of data presentation and characterization of the 
analytics included in the Yuba Accord M&E Program (www.yubaaccordrmt.com), as well as 
from the other relevant ongoing studies described above, pertaining to relevant components 
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associated with the previously stated goals of this study plan.  YCWALicensee anticipates that 
the RMT will complete a draft M&E Program report by October 2012; the RMT is charged, 
through the fisheries agreement of the Yuba Accord, with the completion of a final M&E 
Program report prior to 2016.  In the event that it becomes apparent that the RMT will not 
complete the draft report by October 2012, the YCWALicensee will undertake the completion of 
the relevant components of the draft report.   
 
YCWALicensee will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study, if any. This Study Plan report will contain relevant summary 
data, tables, and graphs, and will specifically include: 
 
 fish species composition 

 species diversity 

 relative abundance 

 temporal distribution 

 spatial distribution 

 habitat utilization 

 physical habitat characterization 

6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will consult with Relicensing Participants to determine if data already collected in 

combination with that anticipated to be collected in 2012 by the RMT and other sources is 
sufficient to meet the study goals and objectives described above.  If YCWA and Relicensing 
Participants agree that additional data gathering is necessary, YCWA will collaborate with 
Relicensing Participants to develop a new study proposal and will file the study proposal 
with FERC.  YCWA will perform the additional data gathering as directed by FERC. 

Licensee will consult with the Yuba Accord RMT to use data obtained by the RMT through 
implementation of the M&E Program, in support of this study plan. Depending on the adequacy 
and completeness of this and other available data, Licensse may consult with state and federal 
Resource Agencies, on additional study needs for the 2012 field season. 
 

7.0 Schedule 
 
YCWALicensee anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency  
 
Compile Data from Previous Studies (Step 1) ............................ October 2011 - May January 2012 
Compile Data form from Ongoing Studies (Step 2) ................. May January - August March 2012 
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Develop and implement additional studies, as necessary  .............................. March - August 2012 
Analysis (Step 3) ............................................................... August April - September October 2012 
Prepare Report (Step 4) ................................................................... SeptemOctober - October 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with other 
generally accepted scientific study methods concerning fish community assessments, including 
those conducted by the Resource Agencies in California. 
 

9.0 Level of Effort and Cost 
 
YCWALicensee estimates the cost to complete this study in 2011 dollars is between $125,000 
and $160,000. Any effort and cost associated with additional Project-specific field studies will be 
estimated following confirmation of the need for and design of such additional studies. 
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Study 3.10 

INSTREAM FLOW 
ABOVE ENGLEBRIGHT RESERVOIR 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect stream 
habitat for fish upstream of Englebright Reservoir.1 
 

2.0 Resource Management Goals of Agencies and Indian 
Tribes with Jurisdiction Over the Resource Studied 

 
YCWALicensee believes that four agencies have jurisdiction over fish in the geographic area 
covered in this study proposal:  1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 
4) State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 
 
                                                 
1  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to quantify fish habitat as a function of stream flow. 
 
The objectives of the study include: 1) estimate the habitat index versus flow relationships 
(Weighted Useable Area, or WUA) using the Physical Habitat Simulation system (PHABSIM) 
for fish in Project-affected reaches upstream of the United States Army Corps of Engineer’s 
(USACE) Englebright Reservoir; and 2) use WUA relationships and the hydrologic record to 
develop habitat duration or time series analyses of fish habitat over time under existing 
(regulated) and unimpaired (un-regulated) flow scenarios.   
 

4.0 Existing Information and Need for Additional 
Information 

 
Considerable information for Project-affected reaches exists that is important to conducting the 
study.  Much of this information has been obtained or developed by YCWALicensee and is 
provided in the Pre-Application Document (PAD).  The information includes but is not limited 
to: 
 
 Topographic, geologic, and hydrographic maps of the Project-affected reaches (PAD, Section 

3.0, General Description of River Basin and Appendix D - Project Maps)  

 Hydrologic modeling and statistics for Project-affected reaches (PAD, Section 7.2, Water 
Resources and Appendix F - Hydrology) 

 Operations procedures for Project facilities (PAD, Section 6.0, Project Location, Facilities 
and Operations) 

 Results of stream habitat mapping conducted by YCWALicensee in 2009 (YCWA Stream 
Habitat Mapping Report, Attachment 3.10A to this study proposal). 

 Low altitude aerial video of all Project-affected reaches and facilities (PAD, Appendix E - 
Project Helicopter Video) 

 Existing information regarding the composition and distribution of fish species that occur in 
Project-affected reaches (Preliminary Application Document, Section 7.3, Aquatic 
Resources) 
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To achieve the study goals, information that is needed includes but is not limited to: 
 
 Confirmation of current and historic composition and distribution of fish species.  This 

information will be developed as part of Licensee’s Stream Fish Populations Upstream of 
Englebright Dam Study.  

 Habitat suitability criteria for target fish species and life stages 

 Field measurement of physical parameters required for PHABSIM modeling  
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the following six reaches:  
 
 Middle Yuba River 

 Our House Diversion Dam Reach.  Approximately 7.5 miles of the Middle Yuba River 
from Our House Diversion Dam at RM 12.0 to the confluence of the Middle Yuba River 
and Oregon Creek at RM 4.5. 

 Oregon Creek Reach of the Middle Yuba River.  Approximately 4.5 miles of the Middle 
Yuba River from the confluence of the Middle Yuba River and Oregon Creek at RM 4.5 
to the confluence of the Middle Yuba River with the North Yuba River at RM 0.0. 

 Oregon Creek 

 Log Cabin Diversion Dam Reach.  Approximately 4.1 miles of Oregon Creek from RM 
4.1 to the confluence of Oregon Creek with the Middle Yuba River.  The Log Cabin 
Diversion Dam Reach includes two sub-reaches; the Log Cabin Sub-reach and the 
Celestial Valley Sub-reach.  The inset Celestial Valley sub-reach extends from RM 2.0 to 
RM 3.1. 

 North Yuba River 

 New Bullards Bar Dam Reach.  Approximately 2.3 miles of the North Yuba River from 
the  New Bullards Bar Minimum Flow Release Powerhouse at RM 2.3 to the confluence 
of the North Yuba River with the Middle Yuba River at RM 0.0. 

 Yuba River 

 Middle/North Yuba River Reach.  Approximately 5.8 miles of the Yuba River from the 
confluence of the North Yuba River with the Middle Yuba River at RM 39.7 to the New 
Colgate Powerhouse at RM 33.9. 

 New Colgate Powerhouse Reach.  Approximately 1.7 miles of the Yuba River from New 
Colgate Powerhouse at RM 33.9 to the normal maximum water surface elevation of 
USACE’s Englebright Reservoir at RM 32.2. 

 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 

5.3 Study Methods3 
 
LicenseeYCWA will use the PHABSIM method to model the response of fish habitat to flow in 
the study area.4   PHABSIM is the most widely accepted and applied fish habitat model in 
California and across the United States.     
 
Physical habitat and hydraulic parameters will be measured and modeled using a combination of 
standard techniques of the United States Department of Interior, Fish and Wildlife Service 
(USFWS) methodology (Trihey and Wegner 1981; Bovee 1982, and Milhous et al. 1984); and 
the United States Geological Survey (Bovee 1997, Bovee et al. 1998, and Rantz 1982). 
 
The general steps in the study (not necessarily in the order specified below) include: 1) selection 
of target species and life stages; 2) determination of target species/lifestage periodicity; 3) 
Project-affected stream reach identification, segmentation, and consolidation; 4) study site and 
transect selection; 5) field data collection; 6) selection of Habitat Suitability Criteria (HSC); 7) 
hydraulic modeling; 8) weighted usable area verses flow plots; 9) time series analysis; and 10) 
prepare study report.  Each of these steps, including report preparation, is described below. 
 
LicenseeYCWA will obtain all necessary permits prior to fieldwork. 
 
5.3.1 Step 1 - Target Species and Life Stages 
 
The species and life stages that will be included in PHABSIM modeling are based on 
management importance and/or sensitivity to Project operations.  Target species and life stages 
are shown in Table 5.3.1-1. 
 
Table 5.3.1-1.  Target species and life stages to be analyzed in the PHABSIM models. 

Species Life Stages Location 

Rainbow Trout 
Oncorhynchus mykiss 

Spawning 
Juvenile 

Adult Rearing 
All PHABSIM reaches 

Hardhead 
Mylopharodon conocephalus 

Juvenile 
Adult Rearing 

In PHABSIM reaches where Sacramento sucker is found during 
LicenseeYCWA’s Stream Fish Populations Upstream of Englebright Dam 

Study 

                                                 
3  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 

4  For safety reasons, YCWA may conduct the 2D method, as an alternative, in the section of the Yuba River between New 
Bullards Bar Dam and the New Colgate Powerhouse.  The reason for this option is that the 2D method does not require 
velocity measurements, which could be a safety concern at high or middle flow in this section of the river.  Any deviation from 
the PHABSIM method in any reach or sub-reach will be fully discussed and agreed upon with the Relicensing Participants. 
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Sacramento Pikeminnow 
Ptychocheilus grandis 

Juvenile/Adult 
In PHABSIM reaches where Sacramento sucker is found during 

LicenseeYCWA’s Stream Fish Populations Upstream of Englebright Dam 
Study 

Table 5.3.1-1.  (continued) 
Species Life Stages Location 

Sacramento Sucker 
Catostomus occidentalis 

Juvenile/Adult 
In PHABSIM reaches where Sacramento sucker is found during 

LicenseeYCWA’s Stream Fish Populations Upstream of Englebright Dam 
Study 

 
5.3.2 Step 2 - Target Species/Lifestage Periodicity 
 
The period of year when the life stages of the target species life stages will be modeled in the 
study is an important component of the habitat duration model.  Table 5.3.2-1 shows the 
periodicity that will be used in the study for each target species and lifestage. 
 
Table 5.3.2-1.  Periodicity of target species/lifestages to be analyzed in the PHABSIM models. 

Species Lifestage Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Rainbow 
Trout 

Spawning1                         

Juvenile                         

Adult                         

Hardhead 
Juvenile                         

Adult                         

Sacramento 
Pikeminnow 

Juvenile                         

Adult                         

Sacramento 
Sucker 

Juvenile                         

Adult                         
1/  Rainbow trout spawning periodicity will be modified based on fry emergence studies being conducted under Study 3.8, Stream Fish 

Populations Upstream of Englebright Reservoir. 

 
 
5.3.3 Step 3 - Project-affected Stream Reach Identification, Segmentation, and 

Consolidation 
 
Project-affected stream reaches are delineated as described in Section 5.1, above.  This 
delineation is based on Project flow control points and junctions of major inflows and is 
consistent with the delineations for the other Yuba River Development Project relicensing 
studies.  The need for segmentation of these reaches into sub-reaches for the purposes of the 
PHABSIM study was evaluated by the LicenseeYCWA using results from the habitat mapping 
study (Attachment 3.10A) topographic maps, low elevation aerial video, the Project hydrologic 
record, and tributary inflow calculations.  The LicenseeYCWA determined that for the purposes 
of the PHABSIM study, segmentation of the Project-affected reaches into sub-reaches was only 
necessary for the Log Cabin Diversion  Dam Reach.  Reasons for segmentation decisions are 
discussed below. 
 
The characteristic feature of a PHABSIM study reach is homogeneity of the channel structure 
and flow regime.  Generally, a ten percent or greater increase in discharge from a tributary 
inflow is enough to warrant a reach or sub-reach break (Bovee 1982).  This general rule is most 
appropriate in alluvial channels rather than bedrock dominated channels.  In the upper foothill 
and montane regions of the Projects, channel characteristics are primarily formed by bedrock 
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control rather than fluvial processes.  Bedrock channels are generally insensitive to short-term 
changes in sediment supply or discharge.  Only a persistent decrease in discharge and/or an 
increase in sediment supply sufficient to convert the channel to an alluvial morphology would 
significantly alter fluvial bedrock channels (Montgomery and Buffington 1993).  For this reason, 
flow accretion was not used as a dominant factor in river segmentation for this study but was 
evaluated as presented below in table 5.3.3-1.  As table 5.3.3-1 illustrates within the Project-
affected river reaches no single tributary is likely to increase total river flow by more than 10%. 
 
Changes in gross channel structure  were evaluated next as a basis for segmentation.  These 
included gradient, channel type, sediment supply, and other factors derived from the Initial 
Channel Classification report (YCWA 2009c) and the Habitat Mapping Study Report 
(Attachment 3.10A). 
 
 
Table 5.3.3-1.  Potential tributary flow contribution based on drainage area.  

River Reach Name 
Named 

Tributaries 
Percent Contribution 
(by drainage area1) 

Middle Yuba River 

Our House Diversion Dam Reach 
Grizzley Creek 5.32% 
Nevada Creek 0.68% 

Oregon Creek Reach of the Middle Yuba 
River 

Moonshine Creek 2.04% 
Clear Creek 1.48% 

Yellow Jacket Creek 0.81% 
Oregon Creek Log Cabin Diversion Dam Reach Mosquito Creek 3.82% 
North Yuba River New Bullards Bar Dam Reach None  

Yuba River 
Middle/North Yuba River Reach Sweetland Creek 0.74% 
New Colgate Powerhouse Reach Dobbins Creek 1.62% 

1/ percent of contributing drainage to total drainage area upstream   

 
 
Table 5.3.3-2 below describes the longitudinal similarities and dissimilarities in channel structure 
and fluvial process within the designated Project-affected reaches. 
 
Table 5.3.3-2.  Longitudinal similarities and dissimilarities in channel structure and fluvial 
processes. 

River 
Reach 
Name 

Longitudinal Similarities and Dissimilarities in Channel 
Structure and Fluvial Processes 

Sub-reach 
Waranted? 

Middle Yuba River 

Our House Diversion 
Dam Reach 

100% of this 7.5 mile reach is classified as Rosgen “B” type 
channel with an average gradient of 1% to 3%. 

No 

Oregon Creek Reach 
100% of this 4.5 mile reach is classified as Rosgen “B” type 
channel with an average gradient of 1% to 3% 

No 

Oregon Creek 
Log Cabin Diversion 
Dam Reach 

Approximately 68% (3.6 mi) of this 4.1 mile reach is in the 
vicinity of Celestial Valley and is classified as Rosgen B, 
confined with a gradient or 1% to 3% while the remaining 32% 
is classified as Rosgen A, confined with a gradient of 3%-8%. 

Yes – reach is 
segmented into two sub-

reaches 

North Yuba River 
New Bullards Bar Dam 
Reach 

Approximately 93% of this 2.3 mile reach is classified as 
“confined, Rosgen “B” type channel with a gradient of 1-3%.  
A short (0.2 mile section) is classified as a Rosgen “A” type 
channel with a gradient of 3% to 8%. 

No 

Yuba River 

Middle/North Yuba 
River Reach 

100% of this 5.8 mile reach is classified as “confined, Rosgen 
“B” type channel with a gradient of 1-3%.   

No 

New Colgate 
Powerhouse Reach 

100% of this 1.7 mile reach is classified as “confined, Rosgen 
“C” type channel with a gradient of <1%.   

No 
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Study sites (transect or transect cluster locations) will be selected within each reach listed in  
Section 5.1 to represent the range of channel and habitat types in that reach.  
 
5.3.3.1 Mesohabitat Stratification 
 
Mesohabitat stratification is based primarily on 2009 in-river habitat mapping (channel metrics 
and meso habitat typing) results and the 2009 low-altitude aerial video survey (YCWA 2009a).  
Low-altitude video surveys were only used to type meso habitats where they were clearly visible.  
Aerial video was not be used to estimate channel metrics. 
 
Video mapping was used to quantify the frequency of meso habitats within entire PHABSIM 
reaches where visible.  In combination, video mapping and field mapping covered 100 percent of 
the reach length.  The mapping data was used to develop a habitat unit frequency analysis for the 
instream flow studies.  This cumulative frequency sampling approach is an extremely efficient 
way to inventory meso habitats over long distances (Bovee 1997). 
 
Using the video, habitat for an entire reach was assessed at a set interval within a range of 3-5 
seconds depending on the stream width and meso-habitat length (e.g., PHABSIM reaches with 
short habitat units were counted at 3-second intervals, while reaches with long habitat units were 
counted at 5- second intervals).  The video was stopped at every interval and the habitat type that 
was directly across the channel at the middle of the computer screen was defined and 
documented.  A line drawn across the video screen determined the dominant habitat at that 
“point.”  Ground-truth data for every unit that was seen in the video and mapped on the ground 
was used to “calibrate the eye” so that features seen in the video have a ground-based reference. 
 
Mesohabitats mapped using the in-river method were typed to the most detailed level of 
mesohabitat typing outlined in Table 5.3.3-3. 
 
Table 5.3.3-3.  Habitat types used in ground and video habitat mapping for Project-affected 
reaches.1 

FAST WATER 
HABITAT TYPES 

RIFFLES, RAPIDS, SHALLOW STREAM SECTIONS WITH STEEP WATER SURFACE GRADIENT 

Turbulent Flow 
Channel units having swift current, high channel roughness (large substrate), steep gradient, and non-laminar 
flow, and characterized by surface turbulence 

Fall Steep vertical drop in water surface elevation.  Generally not modelable. 

Cascade 
Series of alternating small falls and shallow pools; substrate usually bedrock and boulders. Gradient high (>4%).  
Generally not modelable. 

Chute Narrow, confined channel with rapid, relatively unobstructed flow and bedrock substrate 

Rapid 
Deeper stream section with considerable surface agitation and swift current; large boulder and standing waves 
often present.  Generally not modelable. 

Riffles 

Shallow, lower-gradient channel units with moderate current velocity and some partially exposed substrate 
(usually cobble) 
 Low-gradient – Shallow with swift flowing, turbulent water.  Partially exposed substrate dominated by 

cobble.  Gradient moderate (<4%). 
 High-gradient – Moderately deep with swift flowing, turbulent water.  Partially exposed substrate dominated 

by boulder.  Gradient steep (>4%). Generally not modelable. 
Non-turbulent Flow Channel units having low channel roughness, moderate gradient, laminar flow, and lack of surface turbulence 

Sheet Shallow water flowing swiftly over smooth bedrock 

Run Swiftly flowing (deep) with little surface agitation (run); can appear as flooded riffles.  

Step/Run  
Runs separated by short steps.  Runs and step-runs will be combined in the video mapping as steps are often so 
short that the dominant characteristic is the “run” section. 

Glide  Wide, shallow, smooth flow; little to no surface agitation; usually cobble or smaller substrate 
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Pocket Water 
Swift flowing water with large boulder or bedrock obstructions creating eddies, small backwater, or scour holes.  
Gradient low to moderate. 

Table 5.3.3-3.  (continued) 
SLOW WATER 

HABITAT TYPES 
POOLS; SLOW, DEEP STREAM SECTIONS WITH NEARLY FLAT WATER SURFACE GRADIENT 

Scour Pool Formed by scouring action of current 

Trench Formed by scouring of bedrock 

Mid-channel Formed by channel constriction or downstream hydraulic control 

Convergence Formed where two stream channels meet 

Lateral 
Formed where flow is deflected by a partial channel obstruction (stream bank, rootwad, log, or boulder), 
generally in deformable substrate that creates deposition of mobile sediment on the inside of the bend 

Plunge Formed by water dropping vertically over channel obstruction 
1 Adapted from McCain et al. 1990, Armantrout 1998, Payne 1992, McMahon et al. 1996, and Hawkins et al. 1993 

 
 
The habitat types shown in Table 5.3.3-3 have been aggregated to a lower level of detail for the 
purpose of transect placement, hydraulic data collection, and transect weighting consistent with 
river stratification for PHABSIM modeling.  The aggregated meso habitat types were split into 
two categories - modelable and non-modelable and may be different for large, medium, or small 
rivers.  These are listed below: 
 
 Modelable Habitat Types 

 High Gradient Riffle (where channel hydraulics permit – identified in the field during 
transect selection) 

 Low Gradient Riffle 

 Run/Step-run 

 Glide 

 Pocket Water (where channel hydraulics permit – identified in the field) 

 Pools (Mid-channel, Trench, Lateral, Plunge) 

 
 Non-Modelable Habitat Types 

 Falls 

 Cascade 

 Chute 

 Sheet Flow 

 High Gradient Riffle (where channel hydraulics do not permit – identified in the field 
during transect selection) 

 
Modelable habitat type length and frequency based on habitat mapping results are presented in 
Tables 5.3.3-4 through 5.3.3-10. 
 
Table 5.3.3-4.  Our House Diversion Dam Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
 Habitat 

Number 
Number 

Frequency 
Adjusted  

Number Frequency 
Estimated Minimum
# Target Transects 

High gradient riffles 29 10% 11% 2 

Low gradient riffles  45 16% 17% 3 
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Runs/Step-Runs 67 24% 25% 4 

Glides 11 4% 0% 0 

Table 5.3.3-4.  (continued) 
PHABSIM 

Habitat 
Number 

Number 
Frequency 

Adjusted  
Number Frequency 

Estimated Minimum
# Target Transects 

Pocket Water 4 1% 0% 0 

Pools 129 45% 48% 8 

Total 285 100% 100% 17 

 
 
Table 5.3.3-5.  Oregon Creek Reach of the Middle Yuba River PHABSIM habitat frequency (from 
video mapping). 

PHABSIM 
 Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 

Estimated 
MinimumPotential 
# Target Transects 

High gradient riffles 73 29% 29% 5 

Low gradient riffles  22 9% 9% 2 

Runs/Step-Runs 25 10% 10% 2 

Glides 6 2% 0% 0 

Pocket Water 12 5% 5% 2 

Pools 116 46% 47% 8 

Total 254 100% 100% 18 

 
 
Table 5.3.3-6.  Log Cabin Diversion Dam Reach, Log Cabin Sub-reach (RM 0.0 - 2.0 and RM 3.1 to 
4.2) PHABSIM habitat frequency (from ground mapping)   

PHABSIM 
 Habitat 

Length 
Length 

Frequency 
Adjusted 

Length Frequency 

Estimated 
MinimumPotential 
# Target Transects 

High gradient riffles 647 4% 0% 0 

Low gradient riffles  2,236 16% 17% 3 

Runs/Step-Runs 1,906 13% 14% 2 

Glides 551 4% 0% 0 
Pocket Water 2,505 17% 19% 3 
Pools 6,540 45% 50% 8 

Total 14,384 100% 100% 17 

 
 
Table 5.3.3-7.  Log Cabin Diversion Dam Reach, Celestial Valley Sub-reach (RM 2.0 - 3.2) 

PHABSIM habitat frequency (from ground mapping)  
PHABSIM 

 Habitat 
Length 

Length 
Frequency 

Adjusted 
Length Frequency 

Estimated Minimum 
Potential 

# Target Transects 
High gradient riffles 26 0% 0% 0 

Low gradient riffles  1,934 36% 39% 7 

Runs/Step-Runs 147 3% 0% 0 

Glides 395 7% 8% 2 

Pocket Water 156 3% 0% 0 

Pools 2,677 50% 53% 9 

Total 5,335 100% 100% 18 
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Table 5.3.3-8.  New Bullards Bar Dam Reach PHABSIM habitat frequency (from video and ground 
mapping) 

PHABSIM  
Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 

Estimated Minimum 
Potential 

# Target Transects 
High gradient riffles 5 8% 8% 2 

Low gradient riffles  7 11% 11% 2 

Runs/Step-Runs 4 6% 6% 2 

Glides 0 0% 0% 0 

Table 5.3.3-8.  (continued) 
PHABSIM 

Habitat 
Number 

Number 
Frequency 

Adjusted 
Number Frequency 

Estimated Minimum 
# Target Transects 

Pocket Water 19 29% 29% 5 

Pools 31 47% 47% 8 

Total 66 100% 100% 19 

 
 
Table 5.3.3-9.  Middle/North Yuba River Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
 Habitat 

Number 
Number 

Frequency 
Adjusted 

Number Frequency 

Estimated Minimum 
Potential  

# Target Transects 
High gradient riffles 18 13% 14% 2 

Low gradient riffles  7 5% 5% 2 

Runs/Step-Runs 6 4% 0% 0 

Glides 0 0% 0% 0 

Pocket Water 42 31% 32% 5 

Pools 64 47% 49% 8 

Total 137 100% 100% 18 

 
 
Table 5.3.3-10.  New Colgate Powerhouse Reach PHABSIM habitat frequency (from video 
mapping). 

PHABSIM 
 Habitat 

Number 
Number 

Frequency 

Estimated Minimum 
Potential  

# Target Transects 
High gradient riffles 0 0% 0 

Low gradient riffles  4 16% 3 

Runs/Step-Runs 6 24% 4 

Glides 4 16% 3 

Pocket Water 0 0% 0 

Pools 11 44% 7 

Total 25 100% 17 

 
 
5.3.5 Step 4 - Study Site and Transect Selection 
 
LicenseeYCWA will select final study sites and transects in the field in consultation with 
Relicensing Participants.  The goal in study site and transect selection is to obtain a relatively 
accurate representation of the habitat index versus flow relationship for each PHABSIM reach.  
This goal will be achieved by distributing study sites (transects and transect clusters) in such a 
way that all modelable habitat types are represented with at least two representative habitat units.  
For habitat types with a high diversity in a particular reach, such as pool mesohabitat type, the 
habitat type may need to be represented by three or more representative units.  The number of 
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transects allocated for each habitat type will be in proportion to the frequency of that habitat type 
according to habitat mapping results (Tables 5.3.3-4 through 5.3.3-10). 
 
Meso habitat unit and transect selection is made in conjunction with field review for two reasons. 
The first is that some PHABSIM reaches have greater (or lesser) importance in relation to the 
amount of habitat they provide (e.g., length of the reach or quality of the habitat) or the potential 
the project has to modify habitat; therefore, the sampling effort will be adjusted as appropriate.  
The second reason is because of the difficulty in determining a priori sampling effort (number 
and type of habitat units sampled) necessary to provide accurate habitat index versus flow 
relationships. 
 
The specific locations and lengths of the study sites and transects will be selected in the field as 
described below in consultation with the interested and available Relicensing Participants. 
 
LicenseeYCWA will consult with interested and available Relicensing Participants regarding 
specific study sites and transects.  LicenseeYCWA will make a good faith effort to schedule the 
consultation on a day or days convenient to LicenseeYCWA and interested Relicensing 
Participants (ideally, scheduling meetings at least 30 days in advance of the meeting or site visit 
to allow all Relicensing Participants to participate), and will provide an email notice confirming 
the meeting at least 10 days in advance of the meeting or site visit.  If agreement regarding study 
sites and transects is not reached, LicenseeYCWA will note the disagreements in its final report, 
including why LicenseeYCWA did not adopt the recommendation.  LicenseeYCWA will offer a 
pre-field presentation and orientation meeting ahead of each field visit.  The pre-field meeting 
will include a description of the study site, meso habitat units, and possibly preliminary selected 
transects.  The basis for selection, still photos, aerial video (if available), and maps of these 
features will also be provided.   
 
Based on habitat mapping results (Habitat Mapping Report Attachment 3.10A) and road access, 
LicenseeYCWA has identified potential river sections for PHABSIM sites as shown in Table 
5.3.4-1.  These river sections for potential study site location may change if access is not 
permitted by private landowners.  LicenseeYCWA will contact landowners and request 
permission to access selected study sites.  If access is not permitted substitute study sites will be 
identified, if needed. 
 
Table 5.3.4-1.  Potential river sections for PHABSIM study sites based on road or reasonable hiking 
access.  

River Reach 
River Sections for Potential Study  

Site Locations  

Middle Yuba River Our House Dam Reach 

Our House Dam (RM 12.0) 
Emory Island (RM 7.5) 
Oregon Creek Confluence (RM 4.5) 
Oregon Creek Confluence (RM 4.5) 
Middle/North Yuba Confluence (RM 0.0) 

Oregon Creek Log Cabin Diversion Dam Reach No known access limitations 

North Yuba New Bullards Bar Dam Reach 
North/Middle Confluence (RM 39.6) 
New Bullards Bar Dam (RM 2.3) 

Yuba River 
Middle/North Yuba River Reach 

North/Middle Confluence (RM 39.6) 
New Colgate Powerhouse (RM 34.0) 

New Colgate Powerhouse Reach New Colgate Powerhouse (RM 34.0) 
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5.3.4.1 Mesohabitat Unit Sampling 
 
In general, within a study reach, meso habitat types will be sampled approximately in proportion 
to their abundance.  Adjustments to the proportional sampling may be made based on the 
importance or variability of particular meso habitat types.  While the number of transects is 
dependent on the diversity of channel and habitat types in a study reach, the target number of 
transects per PHABSIM reach or sub-reach will generally be in the range of 17-20, up to as 
many as 25.  This provides enough sampling flexibility to replicate each of the 4-5 predominant 
modelable mesohabitat types.  Mesohabitat types with a frequency of less than 5% will not be 
sampled, unless they represent a biologically significant unit type.  If warranted in reaches of low 
habitat type diversity, such as in the Celestial Valley Sub-reach, fewer transects may be selected 
with agreement by Relicensing Participants.   Meso habitat types with complex hydraulics (e.g. 
cascades, falls, chutes, and sheet flow) that cannot be modeled using standard PHABSIM and do 
not contain significant habitat for the primary target species will not be sampled with transects. 
 
5.3.5.2 Transect Selection and Placement 
 
The location of transect placement to represent the different geomorphic and hydraulic 
conditions will be selected in consultation with Relicensing Partieipants using a stratified random 
sampling approach based on the least-available sampled meso habitat type (Payne 1992).  Other 
more-available meso habitat types will be represented using transects placed in meso habitat 
units in close proximity to the least-available selector.  This approach minimizes the effect of 
selection bias, results in transect clustering that limits travel time, and assures transect 
representation in proportion to habitat availability.   
 
Actual transect selection and placement is typically accomplished with a combination of random 
selection and professional judgment through the following procedure: 
 
 All Project-affected reaches that are accessible and open to study are identified and 

designated for random transect placement. 

 Within the accessible areas, the habitat type with the lowest percentage of abundance (from 
the habitat mapping data) is used as the basis for random selection (provided that the habitat 
type is ecologically significant and modelable).  If the distribution of the initial least common 
selector is too limited to provide an adequate choice of representative habitats, the next least 
common selector will be used. 

 All habitat units of this type within the accessible distance and that are judged to be 
modelable during the habitat survey are sequentially numbered and a minimum of five units 
selected by random number. 

 In the field, the first selected unit is relocated and, if it was judged to be modelable and 
reasonably typical of that particular habitat type within the study reach, one or more transects 
is/are placed to best represent the habitat type. 
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 At least one example of each remaining habitat type is then located in the immediate vicinity 
of the random transect (upstream or downstream) until transects are placed in all significant 
types. 

 This process is repeated with the second, third, fourth or higher random selector to place 
additional clusters until the different geomorphic and hydraulic conditions are adequately 
characterized (as determined in consultation with interested and available Relicensing 
Participants) or the target total number of transects is reached. 

 
Although the outlined steps are fairly rigorous, all decisions regarding transect placement are 
subject to revision through the exercise of professional judgment, including the specific inclusion 
of desirable study areas not randomly selected and the placement of transects across appropriate 
spawning gravels.  The overall objective of the method is to assure that satisfactory 
representation of study reaches is achieved. 
 
To facilitate the field-based transect selection process, a field package including reach maps, 
proposed study site and possible transect locations, photos (aerial and on the ground), and habitat 
mapping data results will be distributed to Relicensing Participants providing the necessary 
information for decision making. 
 
Meso-habitat distribution, based on habitat mapping, in each reach or sub-reach is presented in 
Figures 5.3.4-1 through 5.3.4-5.  Green bar shading indicates the areas where potential study 
sites are located based on road or reasonable hiking access.  Access to private land has not been 
established at this time.  If accessible locations identified to date do not include the diversity of 
habitat types necessary to represent the reach the LicenseeYCWA is amenable to select study 
sites in other less accessible locations provided it is necessary as determined in consultation with 
Relicensing Participants and is appropriate in terms of private land ownership and safety. 
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Figure 5.3.4-1.  Our House Diversion Dam Reach longitudinal profile and mesohabitat distribution 
(from video mapping). 
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Figure 5.3.4-2.  Log Cabin Diversion Dam Reach longitudinal profile and mesohabitat distribution 
(from ground mapping) 
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Figure 5.3.4-3.  New Bullards Bar Dam Reach PHABSIM longitudinal profile and mesohabitat 
distribution (from video and ground mapping) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.4-4.  Middle/North Yuba River Reach longitudinal profile and mesohabitat distribution 
(from video mapping). 
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Figure 5.3.4-5.  New Colgate Powerhouse Reach mesohabitat distribution from video mapping 
(Because this reach is very short (~1.5 miles) and the gradient in this reach is less than 1percent, 
there are insufficient map contours to provide a longitudinal profile. 
because this reach is very short (~1.5 miles) and the gradient in this reach is less than 1%, there are 
insufficient map contours to provide a longitudinal profile). 
 
5.3.5 Step 5 - PHABSIM Field Data Collection 
 
5.3.5.1 General Method 
 
Physical habitat and hydraulic parameters will be measured using a combination of standard 
techniques of the USFWS methodology (Trihey and Wegner 1981; Bovee 1982) and the United 
States Geological Survey (USGS) (Bovee 1997, Bovee et al. 1998, and Rantz 1982). 
 
5.3.5.2 Target Calibration Flows 
 
For PHABSIM modeling, three calibration flows (i.e., low, middle and high) are normally 
selected with the goal of achieving an even, logarithmic spacing of flows that allows for 
development of an adequate stage/discharge relationship in the PHABSIM model.5  In other 
words, the stage change between calibration flows should be sufficient to test for a linear 
relationship between the log of discharge and log of stage minus stage of zero flow (IFG-4), or 
through the use of hydraulic conveyance modeling (MANSQ).  Other general guidelines for 
selecting calibration flows include:   
 
 The low, middle, high, and high-high calibration flows should all be within the range of 

Project flow control. 

 Incremental differences between the calibration flows should be within the control 
capabilities of the flow control mechanism. 

 The low calibration flow should be low enough to model down to the current instream flow 
requirement and adequately capture low flows that are currently released or expected to be 
released by the Project. 

 The middle calibration flow should be the approximate logarithmic midpoint between the 
high and low calibration flow targets, thus providing the necessary spread to assess the 
relationship between stage and discharge. 

 
Where possible, considering safety and physical limitations, the high calibration flow should be 
high enough to model up to the entire range of flows within the 5 percent or greater of the 
unimpaired flow exceedance curve or the highest flow anticipated in the reach during the new 
license, whichever is less. 
  
 A fourth stage-discharge point (high-high) and margin velocities will be collected in all 

reaches and sub-reaches to improve the high range of extrapolation. 

                                                 
5 An additional (fourth) stage/discharge measurement will be taken in all reaches and sub-reaches. 
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 The high calibration flow should be within the physical limits of field measurement options 
using manual meters or an acoustic Doppler current profiler (ADCP). 

 
Table 5.3.5-1 shows LicenseeYCWA’s preliminary target calibration flows for the study based 
on the above guidelines and the current operations of the Project.  LicenseeYCWA will confirm 
target calibration flows in consultation with the Relicensing Participants.   
 
 
Table 5.3.5-1.  Target calibration flows by PHABSIM reach.  

Reach 

Existing Lowest 
Minimum Flow 

Requirement 

Target % Exceedance 
[Unregulated (u) or 

Regulated (r)] 

Target Calibration Flow1

Low Mid High 
High-
High 

cfs cfs cfs cfs cfs cfs 
MIDDLE YUBA RIVER 

Our House Diversion Dam Reach 30 2 (u) 75 150 300 600 
OREGON CREEK 

Log Cabin Diversion Dam Reach 8 2 (u) 20 50 100 150 
NORTH YUBA RIVER 

New Bullards Bar Dam Reach 5 5 (u) 20 175 600 1,535 
YUBA RIVER 

Middle/North Yuba River Reach 5 10 (u) 100 300 600 1,570 
New Colgate Powerhouse Reach 5 10 (r) 100 600 1,570 3,260 

1   Values are target flows. Measured flows may vary by +/- 10%.  Team safety will be evaluated at each flow. Relicensing participants will be 
notified of any significant changes in target flows. 

 
 
5.3.5.3 Surveying and Controls 
 
All elevations will be surveyed by standard differential survey techniques using an auto-level or 
total station instrument.  Headpin and tailpin elevations, water surface elevations (WSE), 
hydraulic controls, and above-water bed and bank elevations will be referenced to a temporary 
benchmark serving a single transect or transect cluster.  The surveyed portion of the streambed 
will extend up to the flood-prone elevation of both banks on all riffles and on other cross sections 
as stipulated in the Channel Morphology Above Englebright Reservoir study plan.  Where 
reasonable (line of sight or one turning point), benchmarks will be tied together.  At a minimum, 
all transects surveyed in a single mesohabitat unit will have a common datum.  Transect 
locations will be fixed, to the accuracy level possible, using a handheld GPS instrument. 
 
5.3.5.4 Water Surface Elevation-Discharge 
 
Stage/discharge measurements will be obtained at four discharges.  Water surface elevations will 
be measured at multiple points across the channel except when conditions are unsafe at high 
flow.  In these circumstances measurements will only be taken as far out from the accessible 
shoreline as is safe and physically possible.  When only a stage/discharge measurement is taken, 
discharge through the study site will be measured using manual velocity meters or a combination 
of an ADCP (described below) and manual velocity meters at an appropriate cross section(s). 
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5.3.5.5 Velocity Calibration 
 
One velocity calibration set will be collected at the high flow at each transect; or at middle flow 
if safety or physical conditions are limiting at the high flow.  Additional velocity data will be 
collected on the stream margins (when accessible) at the fourth stage-discharge measurement 
(high-high).  If personnel safety is a concern at high flow, all or a portion of the velocity 
calibration will be measured at middle flow with WSE/discharge collected at high and low flows.  
This determination will be made in the field by LicenseeYCWA. 
 
Velocities will be measured using hand-held current meters and/or ADCP,  depending on the 
depth and width of the stream.  Hand-held velocity measurements will use calibrated digital 
Swoffer® brand, Price AA, or pygmy velocity meters mounted on standard USGS top-set wading 
rods in depths less than approximately 3.0  ft or where use of the ADCP is not practical.  At 
cross-sections and flows where predominant depths are greater than 3.0 ft, velocity distributions 
will be measured using an ADCP mounted on a small inflatable cataraft or a rigid trimaran. 
 
Both the Swoffer and Price AA meters are accurate in velocities ranging from 0.1 to 25.0 ft per 
second, while Pygmy meters are accurate from 0.1 to 4.9 ft per second.  Published technical 
specifications for the Teledyne RDI Rio Grand ADCP are: velocity accuracy: ±0.25% of the 
(water + boat) velocity ±0.25cm/s at a minimum] velocity resolution of 0.1cm/s and up to a 
maximum water velocity of ±20m/s. 
 
ADCP data collection will follow United States S Geological Survey (USGS) standards for 
measuring discharge (Mueller, et al. 2009).  Exceptions may be made as certain guidelines are 
not necessarily applicable in all PHABSIM data collection situations.  In addition to these 
guidelines, simultaneous readings from a nearby upstream or downstream active stream gage (if 
it exists) will be recorded and included along with the stream gage number in the instream flow 
report(s). 
 
Post processing of ADCP data for purposes of PHABSIM modeling requires that: 1) velocities in 
each ADCP ensemble (vertical) be reported as a mean column value in the horizontal plane 
(magnitude and direction); 2) mean column velocities be interpolated or averaged to user defined 
stations across the transect; 3) mean column velocities at each station from ‘good’ passes will be 
averaged together, and; 4) discharge will be calculated using averaged data. 
 
To assure adequate characterization of microhabitat for all lifestages (e.g., adult,  juvenile, and 
spawning), during manual velocity measurements, sample sites (verticals) along the transect will 
be purposefully placed to describe points where changes in substrate, bed elevation, and velocity 
occur.  The number of verticals will be adjusted in the field to accomplish microhabitat 
stratification as dictated by site-specific conditions. The placement and number of verticals will 
be designed to limit discharge in any one cell to no more than 10 percent of total discharge.  
 
Temporary staff gages will be installed and the stage and time of day will be recorded at the 
beginning and end of each transect measurement to note potential changes in stage during the 
survey of each transect. 
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Where project operations allow, all  calibration measurements will be collected within a 3 - to 4-
day period.  If operations do not allow, several weeks or months may elapse between flow 
measurements.  
 
5.3.5.6 Substrate 
 
Substrate will be classified according to a standard procedure, and will be evaluated visually 
during low flow conditions. Percent occurrence of all substrate sizes withing the immediate 
vicinity of each vertical (1-2 feet radius from vertical) will be recorded.  
 
The substrate data will then be converted into the Bovee substrate code system (Bovee and 
Cochnauer 1978) to be compatible with the codes used for the HSC.  The Bovee substrate code is 
written as “x.y,” where “x” is the code number for the smaller of the two dominant and adjacent 
particle sizes, and “y” is the percentage (i.e., from 0.0 to 0.9) of the larger of the two dominant 
and adjacent particle sizes.  Particle size classification and coding are shown in Table 5.3.5-2.  
 
Table 5.3.6-2.  Substrate particle size classification and coding. 

Substrate Type Size (inches) Code 

Organics, vegetation -- 0 

Clay, silt (fines) <0.1 1 

Sand (coarse) 0.1-0.2 2 

Small gravel 0.2-1.0 3 

Medium gravel 1-2 4 

Large gravel 2-3 5 

Small cobble 3-6 6 

Medium cobble 6-9 7 

Large cobble 9-12 8 

Boulder >12.0 9 

Bedrock -- 10 

 
 
5.3.5.7 Miscellaneous Field Data Collection Methods  
 
Photographs will be taken of all transects from downstream and other points as necessary at each 
measured flow.  To the extent possible, each photograph will be taken from the same location at 
each of the three levels of flow. 
 
Data sheets for each study site will be completed as follows: 
 
 Photo Log – for each flow/visit 

 Site Documentation – sketch or aerial video capture showing location, type, and numbering 
of transects – completed once 

 GPS UTM Coordinates for each headpin (or mid-channel if headpin reading could not be 
obtained) and benchmark  – completed once 

 Water Surface Elevation and Level Loop – WSE completed at each calibration flow, level 
loop completed once, pin heights validated at each visit 

 Cover Description – completed once 
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 Discharge – for each flow, at one two or more transects 

 Depth and Velocity – at each transect for one calibration flow (middle or high) 

 Stage of Zero Flow – collected once for each transect 

 Cross Section Profile and Substrate – completed once for each transect 

 Task Completion Checklist – in field for every visit 
 
5.3.6 Step 6 - Selection of Habitat Suitability Criteria 
 
Flow/habitat models will be developed for target species/lifestages using HSC that were recently 
developed for small, medium, and large rivers in Nevada Irrigation District’s Yuba-Bear 
Hydroelectric Project (FERC Project No. 2266) and PG&E’s Drum-Spaulding Project (FERC 
Project No. 2310).  Both of the relicensings are on the Yuba and Bear rivers in California.   
 
Project stream sizes fall into the large and small classifications.  The stream size designations for 
each of the PHABSIM sites are presented in Table 5.3.6-3.  The HSC employed in these analyses 
are presented in Tables 5.3.6-4 through 5.3.6-6.   Note that substrate was only considered a 
variable for rainbow trout spawning habitat simulations; for all other species/life stages all 
substrates were considered fully suitable (i.e., suitability was set equal to 1.0). 
 
Table 5.3.6-3.  Project-affected reaches designated for application of “large,” or “small” channel 
size rainbow trout juvenile and adult rearing HSC.  

Project-affected 
Reach 

Channel 
Size1 

Approximate Elevation 
(feet) 

Average 
Bankfull 
Channel 

Width (ft) 

Regime 
Type2 

% Mean 
Slope 

Minimum Maximum Mean 

MIDDLE YUBA RIVER 

Our House Diversion Dam Reach LRG 1,500 2,000 83.5 D 1.1 
Oregon Creek Reach of the Middle 
Yuba River 

LRG 1,120 1,500 54.7 D 1.2 

OREGON CREEK 

Log Cabin Diversion Dam Reach  SML 1,500 2,180 29.4 D 2.3 

NORTH YUBA RIVER 

New Bullards Bar LRG 1,120 1,360 70 D 2.0 

YUBA RIVER 

North/Middle Yuba River Reach LRG 560 1,120 105 D 1.8 

New Colgate Powerhouse Reach LRG 525 560 127 R <1.0 
1
 Approximate criteria (average width): 

 SML <30 ft 
 LRG >50 ft 
2
 D = Diverted 

 R = Re-regulated  
 A = Augmented 
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Table 5.3.6-2.  Rainbow trout suitability for spawning, fry, juvenile, and adult lifestages. 
Lifestage Channel Size Velocity Suitability Depth Suitability Substrate Suitability 

Spawning 
Large and 

Small 

0.00 0.00 0.15 0.00 0.0 0.00 

0.60 1.00 0.60 1.00 2.3 0.00 

2.00 1.00 1.50 1.00 2.4 0.25 

4.00 0.00 3.00 0.00 2.5 0.50 

-- -- -- -- 2.6 0.75 

-- -- -- -- 2.7 1.00 

-- -- -- -- 5.3 1.00 

-- -- -- -- 5.4 0.50 

-- -- -- -- 5.5 0.00 

-- -- -- -- 10.0 0.00 

Juvenile 

Small 

0.00 0.70 0.20 0.00 N/A N/A 

0.10 1.00 1.00 1.00 -- -- 

0.35 1.00 1.60 1.00 -- -- 

0.90 0.50 2.00 0.60 -- -- 

1.50 0.10 2.75 0.30 -- -- 

2.50 0.00 3.50 0.10 -- -- 

-- -- 30.00 0.10 -- -- 

Large 

0.00 0.50 0.20 0.00 N/A N/A 

0.30 1.00 1.20 1.00 -- -- 

0.70 1.00 2.20 1.00 -- -- 

1.20 0.60 2.60 0.50 -- -- 

1.50 0.30 4.00 0.10 -- -- 

2.25 0.10 30.00 0.10 -- -- 

3.50 0.00 -- -- -- -- 

Adult 

Small 

0.00 0.50 0.20 0.00 N/A N/A 

0.20 1.00 1.20 1.00 -- -- 

0.40 1.00 2.00 1.00 -- -- 

1.20 0.30 3.50 0.30 -- -- 

1.70 0.10 30.00 0.30 -- -- 

3.00 0.00 -- -- -- -- 

Large 

0.00 0.00 0.50 0.00 N/A N/A 

0.50 0.80 2.30 1.00 -- -- 

0.70 1.00 3.10 1.00 -- -- 

1.30 1.00 3.80 0.60 -- -- 

1.80 0.50 5.00 0.30 -- -- 

2.50 0.20 30.00 0.30 -- --- 

4.00 0.00 -- -- -- -- 

 
 
Table 5.3.6-3.  Hardhead/Sacramento pikeminnow suitability for juvenile and adult lifestages. 

Lifestage 
Channel 

Size 
Velocity Suitability Depth Suitability Substrate Suitability 

Juvenile 
Large and 

Small 

0.00 1.00 0.50 0.00 N/A N/A 

0.25 1.00 0.67 1.00 -- -- 

1.75 0.25 3.67 1.00 -- -- 

2.60 0.00 8.71 0.10 -- -- 

-- -- 18.00 0.10 -- -- 

Adult 
Large and 

Small 

0.00 0.82 0.66 0.00 N/A N/A 

0.20 1.00 2.62 1.00 -- -- 

0.90 1.00 18.00 1.00 -- -- 

2.13 0.22 -- -- -- -- 

3.50 0.00 -- -- -- -- 
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Table 5.3.6-4.  Sacramento sucker suitability for juvenile and adult lifestages. 

Lifestage Channel Size Velocity  Suitability Depth Suitability Substrate Suitability 

Juvenile 
Large and 

Small 

0.00 1.00 0.64 0.00 N/A N/A 

1.20 1.00 0.65 1.00 -- -- 

1.21 0.00 2.90 1.00 -- -- 

-- -- 2.91 0.00 -- -- 

Adult 
Large and 

Small 

0.00 1.00 1.99 0.00 N/A N/A 

1.50 1.00 2.00 1.00 -- -- 

1.51 0.00 4.70 1.00 -- -- 

-- -- 4.71 0.00 -- -- 

 
 
5.3.7 Step 7 – Hydraulic Modeling 
 
5.3.7.1 Water Surface Elevations 
 
The hydraulic model will be calibrated in the HYDSIM routine of RHABSIM 3.0.  Hydraulic 
modeling procedures appropriate to the study site and level of data collection will be used for 
modeling water surface elevations and velocities across each transect.  For water surface 
elevations, these procedures will include: the development of stage/discharge rating curves using 
log-log regression (IFG4); Manning’s formula (MANSQ); and/or step backwater models (WSP, 
HecRas); direct comparison of results; and selection of the most appropriate and accurate 
method.  Log-log and MANSQ will be run for each transect, with MANSQ set as the default 
modeling method.  If individual transects do not calibrate sufficiently well using MANSQ, based 
on general guidelines of maximum Beta (0.5), and/or professional judgment, then log/log will be 
chosen.  Data file construction, calibration, and simulation will follow standard procedures and 
guidelines outlined in the PHABSIM Reference Manual Version II, Instream Flow Information 
Paper No.26 (Milhous, R.T., M.A. Updike, and D.M. Schneider 1989). 
 
LicenseeYCWA will consult with interested and available Relicensing Participants regarding 
hydraulic calibration of each PHABSIM model.  LicenseeYCWA will make a good faith effort 
to schedule the consultation on a day or days convenient to LicenseeYCWA and interested 
Relicensing Participants (ideally, scheduling meetings at least 30 days in advance of the meeting 
to allow all Relicensing Participants to participate), and will provide an email notice confirming 
the meeting at least 10 days in advance of the meeting.  If agreement regarding the hydraulic 
calibration is not reached, LicenseeYCWA will note the disagreements in its final report, 
including why LicenseeYCWA did not adopt the recommendation.  Calibration reports will be 
provided to the Relicensing Participants at least 30 days prior to the meeting. 
 
5.3.7.2 Velocities 
 
The hydraulic model utilizes two basic methods for predicting velocities over a range of flow 
simulations.  The primary approach, termed the “one-velocity set” method, uses measured 
velocities across a given transect and estimates a Manning’s N value for each cell.  Calibration 
techniques include adjustments to the Manning’s N to obtain accurate predictions of measured 
velocities, as well as reasonable predictions of velocities at simulated flows.  An alternative 
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approach to modeling velocities, termed the “depth-calibration” method, can be used in the 
absence of measured velocities.  In general, depth calibration procedures will be used to model 
large sections of a transect if very high velocities and/or entrained air preclude data 
measurement. 
 
The purpose of the velocity calibration is to accurately simulate the measured velocities and 
water surface elevations at the observed flows while at the same time providing reasonable 
velocities and water surface elevations at the range of simulated flows.  Changes to velocities 
will be kept to a minimum and the decks revised only when specific changes improve model 
performance. 
 
5.3.7.3 Model Extrapolation 
 
Extrapolation of flows beyond the highest calibration measurement is often necessary to achieve 
as much of the range of the hydrograph as possible.  Extrapolation beyond the measured 
calibration stage/discharge pairs collected in the field will typically be 0.4 times (or 40% of the 
lowest stage/discharge pairs) and 2.5 times (or 250% of the highest stage/discharge pairs).  The 
limits of extrapolation beyond these factors will depend on model performance, channel shape, 
and modeling methods; all of which contribute to establishing reasonable extrapolation limits 
within the hydraulic model.  The number of HYDSIM model runs will be that necessary to 
accurately calculate hydraulic conditions within the range of extrapolation.  During model 
calibration, YCWA will collaborate with the available Relicensing Participants regarding will 
agree to the limit of model extrapolation during calibration consultation.  
 
 
5.3.8 Step 8 – Weighted Usable Area Verses Flow Plots 
 
Habitat modeling will be completed in the HABSIM routine of RHABSIM 3.0.  Habitat 
modeling in PHABSIM integrates a calibrated hydraulic model for a stream reach with HSC to 
produce a measure of available physical habitat as a function of discharge (Waddle 2001).  The 
available physical habitat, or Weighted Usable Area (WUA), is defined as the sum of stream 
surface area within a reach or subreach, weighted by multiplying area by habitat suitability 
variables, most often velocity, depth, and substrate or cover, which range from 0.0 to 1.0 each, 
normalized to square units (e.g., either feet or meters) per 1,000 linear units.  WUA does not 
translate to actual area of suitable habitat, but indicates the relative suitability of the available 
habitat.  The number of HABSIM model runs will be that necessary to accurately calculate WUA 
within the range of extrapolation. 
 
 
Transect weighting factors are the values used in the habitat models in conjunction with the 
reach lengths to derive the longitudinal distance represented by cells at each cross-section 
(Waddle, T.J., 2001).   
 
The final step in the development of WUA will be the selection of the following computational 
parameters: 
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 Combined Suitability Factor (CSF) Method: Standard where CSF = Velocity x Depth x 
Attribute 

 “Zero Attributes” were accepted (values of 0.0) 

 Cell Position Method was “Centered”  
 
In order to calculate habitat frequency for every day of the full hydrology period of record, the 
WUA function needs to extend from highest mean daily flow in the record to the lowest (i.e., 
100% to 0% flow exceedance).  For the Project, habitat duration analyses will be extrapolated to 
zero percent exceedance in two steps.  First, flows will be modeled in PHABSIM to the 
maximum extent acceptable within model calibration parameters established during the model 
calibration review process.  Second, WUA will be extrapolated from the highest modeled flow in 
PHABSIM to zero percent exceedance and, extrapolated from the lowest modeled flow to 100 
percent exceedance using a step-wise approach in consultation with the Relicensing Participants. 
 
First, a non-linear exponential extrapolation equation will be applied to the last three points of 
each WUA data set.  The non-linear option for extrapolation follows the trend of the regression 
and never completely bottoms out, which is the most realistic trend line for WUA.  However, in 
some cases, the WUA function rises or is relatively flat over the last three points on the curve.  In 
this instance, the non-linear exponential extrapolation causes an unrealistic growth of available 
habitat with increasing discharge.  If this occurs, increasing or decreasing the number of data 
points to be used in the extrapolation will be evaluated.  If this does not produce realistic results, 
a linear function using the last two points will be applied.  If the linear function does not produce 
results as expected, a flat-line approach will be employed whereby the WUA function will be 
extended at a constant magnitude from the last data point.  The foregoing approach is general 
and is subject to modification as needed 
 
 
5.3.9  Step 9 – Time Series Analysis  
 
Because the WUA function is a static relationship between habitat suitability and flow 
magnitude, it does not represent flow-habitat relations over time.  In order to evaluate the effects 
of alternative flow regimes on habitat over time, a time series of instream hydrologic data can 
must be integrated with WUA, thus generating a “habitat time series.”  The habitat time series 
and the habitat duration analysis are the two primary methods used for such an evaluation.  In 
instream flow determinations, these two analytical methods can be used alone or in combination.   
 
As part of the study, LicenseeYCWAs will develop a habitat duration analysis, referred to herein 
as the Habitat Exceedance Analysis (HEA).  The HEA will use mean daily instream hydrology, 
coupled with the WUA versus flow relationship developed in Step 8 to calculate monthly habitat 
exceedances for target species and life stages over the relicensing hydrologic period of record. 
 
The HEA will be conducted at two or more hydrologic nodes: 1) “Node Zero” and 2) the 
“hydrologic mid-point” node.6  At the hydrologic Node Zero, the HEA will use the mean daily 

                                                 
6  Note that a sub-reach node may represent an entire reach. 
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flows that would occur immediately below the dam or diversion that controls flow in the 
upstream portion of the sub-reach.7  For unimpaired flow conditions, this will be the estimated 
mean daily flows at the dam or diversion.  For existing flow conditions, this will be the sum of 
the releases at the dam, which may include minimum flow releases and discretionary releases, 
and spills.  In summary, the Node Zero HEA will be a habitat index using habitat data collected 
along the entire sub-reach, but assuming there is no accretion in the sub-reach.  
 
At each hydrologic mid-point node for each modeled sub-reach, the HEA will take into account a 
“reach-averaged” accretion in the sub-reach.  To do this, for each day in the HEA run, 
LicenseeYCWA will calculate the total accretion in a given sub-reach and divided it by two (i.e., 
assumes half the accretion entered the reach upstream of a “hydrologic mid-point (i.e., node)” in 
the reach and half enters the reach downstream of the hydrologic mid point).  As an example, if 
the total accretion in a sub-reach was 22 cfs on May 12, 1986, the HEA run will be made 
assuming 11 cfs “average” accretion for the entire sub-reach (top to bottom) for the purposes of 
the HEA in the entire reach.  Therefore, in comparison to Node Zero HEA, the sub-reach mid-
point node HEA will estimate a habitat index using habitat data collected along the entire sub-
reach, but assuming an “average” amount of accretion occurs along the entire sub-reach. 

 
At each node and for each day in the period of record regardless of water year type, 
LicenseeYCWA will calculate the available habitat, expressed as a percentage of the maximum 
static WUA shown on the static WUA curves for each target species and life stage.  This will 
result in a series of available habitat values for each day expressed as percentages of maximum 
WUA (i.e., one percentage value for each day in the period of record), from which monthly 
habitat exceedance curves will be plotted.   
 
For the HEA, Licensee will use two hydrologic scenarios:  
 
 The unimpaired flow condition (as synthesized by Licensees) 

 The No-Action Alternative (i.e., existing conditions, or Base Case, as developed by Licensee 
using its Water Balance/Operation Model) 

As part of the analysis, Licensee will calculate, by month, the minimum, maximum and median 
percentage of maximum static WUA that each flow scenario would provide for the target species 
and life stage in comparison to the percentage of maximum static WUA that would be provided 
under the unimpaired flow condition.  As explanation, the minimum value will represent the 
greatest difference between the scenario curve and unimpaired flow curve - when the scenario 
curve provides less habitat than would be provided under unimpaired flow conditions.  For 
instance, if the flow scenario provided half the percentage of maximum WUA that would be 
provided by the unimpaired condition, the percent difference would be 50 percent.  In 
comparison, if the flow scenario provides twice the percentage of maximum WUA than would 
be provided by the unimpaired flow condition, the percent difference would be 200 percent (i.e., 
the “max” percent shown on the plots).  If the scenario provides the same amount of habitat as 
the unimpaired flow condition, the percent difference would be 100 percent. The phrase “amount 
                                                 
7  Node Zero only occurs in sub-reaches that have at the top of the sub-reach a dam or diversion that controls flow in that  sub-

reach.  Node Zero does not occur in sub-reaches where a dam or other flow controlling facility does not occur at the top of the 
sub-reach.  
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of habitat” is used below when discussing percentage of maximum WUA.  Although “percentage 
of maximum WUA” is not a direct reference to a specific amount (quantity) of habitat it is an 
index directly correlated to habitat area.  
 
5.3.9 Step 10 – Prepare Study Report 
 
YCWALicensee will prepare a study reports that will include both modeling procedures and 
habitat results.  Below is a list of primary  outputs  to  be included in the report.  This list is not 
an exclusive list.   
 
 Weighted Useable Area tables and graphs (tables will include indicators of peak and 80% of 

WUA and graphs will include normalized percent of WUA)  

 Habitat exceedanceduration figures and tables 

 Habitat duration charting program 

 Cross section profiles showing water surface elevation at the four calibration flows and 40 
percent and 250 percent of the low and high calibration flows, respectively.  Additional flows 
will be added in consultation with Relicensing Participants 

 Stage/discharge regression graphs for each transect 

 Photos of each transect organized and labeled for easy use, including flow shown in the 
picture 

  Map of reach including location and number of each transect. 

 Channel-cross section and water surface elevation for selected transects 
 
LicenseeYCWA will consult with Relicensing Participants regarding the output tables and 
graphics to be included in the report.  
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the LicenseeYCWA will consult with the Relicensing 
Participants: 
 
 LicenseeYCWA will consult with interested and available Relicensing Participants regarding 

specific study sites and transects.  LicenseeYCWA will make a good faith effort to schedule 
the consultation on a day or days convenient to LicenseeYCWA and interested Relicensing 
Participants (ideally, scheduling meetings at least 30 days in advance of the meeting or site 
visit to allow all Relicensing Participants to participate), and will provide an email notice 
confirming the meeting at least 10 days in advance of the meeting or site visit.  If agreement 
regarding study sites and transects is not reached, LicenseeYCWA will note the 
disagreements in its final report, including why LicenseeYCWA did not adopt the 
recommendation.  LicenseeYCWA will offer a pre-field presentation and orientation meeting 
ahead of each field visit.  The pre-field meeting will include a description of the study site, 
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mesohabitat units, and possibly preliminary selected transects.  The basis for selection, still 
photos, aerial video (if available), and maps of these features will also be provided. (Step 4.)   

 LicenseeYCWA will consult with interested and available Relicensing Participants regarding 
hydraulic calibration of each PHABSIM model.  LicenseeYCWA will make a good faith 
effort to schedule the consultation on a day or days convenient to LicenseeYCWA and 
interested Relicensing Participants (ideally, scheduling meetings at least 30 days in advance 
of the meeting to allow all Relicensing Participants to participate), and will provide an email 
notice confirming the meeting at least 10 days in advance of the meeting.  If agreement 
regarding the hydraulic calibration is not reached, LicenseeYCWA will note the 
disagreements in its final report, including why LicenseeYCWA did not adopt the 
recommendation.  Calibration reports will be provided to the Relicensing Participants at least 
30 days prior to the meeting. (Step 7.) 

 The Multi-flow Habitat Duration program will be demonstrated to interested Relicensing 
Participants upon request.  LicenseeYCWA will consult with Relicensing Participants 
regarding all habitat duration analysis input parameters, scenario assumptions, and desired 
output in consultation with Relicensing Participants. (Step 8.) 

 LicenseeYCWA will consult with Relicensing Participants regarding the output tables and 
graphics to be included in the final report (Step 9). 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming the FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency:    
 
Study Site and Transect Selection ................................................................................ October 2011 
Field Work ............................................................................................................. April - July 2012 
Data Entry, QA/QC, & Analysis............................................................................. June - July 2012 
Report Preparation .................................................................................... August - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $480,000 
and $650,000. 
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Study 3.11 

FISH ENTRAINMENT 
AugustApril 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect fish 
due to entrainment into Project intakes. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over fish in the geographic area 
covered in this study proposal:  1) the United States Department of Agriculture, Forest Service 
(Forest Service) on National Forest System (NFS) land; 2) United States Department of Interior, 
Fish and Wildlife Service (USFWS); 3) California Department of Fish and Game (CDFG); and 
4) State Water Resources Control Board Division of Water Rights (SWRCB).  Each of these 
agencies and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s 
PADPre-Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not 
repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
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consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
The Project includes 10 locations where a Project facility diverts water from a stream or 
reservoir to another location.  Based on existing information, some of these intakes have a low 
potential to affect fish populations.  For other project intakes, additional data gathering is needed 
to assess potential effects on fish populations.  The sections below describes for each intake, the 
type of intake, the potential for entrainment effects on fish populations, and proposed 
entrainment related data gathering. 
 
3.1 Intakes for which No Additional Data Gathering Is Proposed  
 
3.1.1 Project Dam Low-Level Intakes 
 
The Project includes five dam low-level intakes, each of which is described in Table 3.1-1.  
These are: 1) Our House Diversion Dam low-level intake; 2) Our House Diversion Dam 
auxiliary low-level intake; 3) Log Cabin Diversion Dam low-level intake; 4) Log Cabin 
Diversion Dam auxiliary low-level intake; and 5) New Bullards Bar Dam low-level intake.  In 
each case, the low-level intake is at or near the bottom of the impoundment. 
 
Only two of the low-level intakes, the low-level outlets at Our House and Log Cabin diversion 
dams, are routinely used (almost always in the fully open position to meet instream flow 
requirements).  The other three low-level intakes are used in emergencies or if otherwise needed 
(e.g., during repairs of the low-level intake, or infrequent major outages).1 
 
Table 3.1-1.  Description of Project’s five low-level intakes.  

Intake 
Structure 
(From/To) 

Conduit 
Size 

Control  
Valve/Gate 

Existing 
Minimum 

Release 

Estimated 
Maximum 

Capacity at Full Pool 
(inches) (type) (cfs) (cfs) 

MIDDLE YUBA RIVER 

Our House Diversion Dam 
Low-Level Intake 
(Our House Diversion Dam 
Impoundment/Middle Yuba River 
Immediately Downstream of the  
Dam)  

24 in 
diameter 

Downstream Gate Valve 
Operated Manually 

30 cfs from June 16 
through April 14 and 
50 cfs from April 15 
through June 15, or 

natural inflow into Our 
House Diversion Dam 

Impoundment, 
whichever is less. 

60 cfs.   
Minimum instream 
flow releases are 

normally made through 
this valve unless dam 

spill meets the 
minimum flow 
requirement. 

                                                 
1  From 2005 through 2009, the Our House Diversion Dam Low-Level Auxiliary Intake has been exercised (i.e., tested during 

which the gates are quickly opened and closed) four times (i.e., March 23, April 10 and May 19, 2005; and January 3, 2006), 
and open for 200 days beginning on January 13, 2006, during which, with the approval of FERC, the Forest Service, CDFG 
and SWRCB Licensee removed sediment from Our House Diversion Dam Impoundment.  Since 2005, the Log Cabin 
Diversion Dam Low-Level Auxiliary Intake has been exercised once (i.e., March 23, 2005), and was open for 19 days 
beginning on May 28, 2007.   
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Table 3.1-1.  (continued)  

Intake 
Structure 
(From/To) 

Conduit 
Size 

Control  
Valve/Gate 

Existing 
Minimum 

Release 

Estimated 
Maximum 

Capacity at Full Pool 
(inches) (type) (cfs) (cfs) 

MIDDLE YUBA RIVER (continued) 
Our House Diversion Dam 
Auxiliary Low-Level Intake 
(Our House Diversion Dam 
Impoundment/Middle Yuba River 
Immediately Downstream of the  
Dam) 

72 in 
diameter 

Upstream Slide Gate 
Operated Manually by a 

Motor On-Site 
 

800 cfs.   
Used for emergencies 

only. 

OREGON CREEK 

Log Cabin Diversion Dam 
Low-Level Intake 
(Log Cabin Diversion Dam 
Impoundment/Oregon Creek 
Immediately Downstream of the  
Dam)  

18 in 
diameter 

Downstream Gate Valve 
Operated by Hand 

8 cfs from June 16 
through April 14 and 
12 cfs from April 15 
through June 15, or 

natural inflow into Log 
Cabin Diversion Dam 

Impoundment, 
whichever is less. 

13 cfs.  Minimum 
instream flow releases 

are normally made 
through this valve 

unless dam spill meets 
the minimum flow 

requirement. 
Log Cabin Diversion Dam 
Auxiliary Low-Level Intake 
(Log Cabin Diversion Dam 
Impoundment/Oregon Creek 
Immediately Downstream of the  
Dam) 

72 in  
diameter 

Upstream Slide Gate 
Operated by a Motor by a 

Motor On-Site 

800 cfs. 
Used for emergencies 

only. 

NORTH YUBA RIVER 

New Bullards Bar Dam  
Low-Level Intake 
(New Bullards Bar Reservoir/North 
Yuba River Immediately 
Downstream of the  Dam) 

72 in 
diameter  

Downstream Hollow Jet 
Valve Operated Remotely 

5 cfs at all times. 

3,500 cfs, but actual 
maximum capacity is 
1,250 cfs due to valve 
vibration.  Minimum 

instream flow releases 
are normally made 
through the New 

Bullards Minimum 
Flow Powerhouse.  

 
 
The spacing (i.e., opening between bars) in the trash racks in front of Our House and Log Cabin 
low-level intakes is 8.75 inches.  The spacing in the trash racks in front of Our House and Log 
Cabin auxiliary low-level intakes is 12.375 inches.  The spacing in the trash rack in front of the 
New Bullards Bar Dam Low-Level Intake is 5.0 inches. 
 
A transition fishery2 occurs in the vicinity Our House Diversion Dam.  As described in Section 
7.3.4.1 of the PADPreliminary Information Package (YCWA 2009), 2004 snorkeling surveys in 
the Middle Yuba River about 0.5 mile upstream of Our House Diversion Dam found rainbow 
trout (Oncorhynchus mykiss) and Sacramento pikeminnow/hardhead (Ptychocheilus 
grandis/Mylopharodon conocephalus) (the snorkelers were unable to distinguish between the 
two species); while about 0.5 mile downstream of the dam, the snorkelers found rainbow trout, 
Sacramento pikeminnow, hardhead, smallmouth bass (Micropterus dolomieui), and various 
sucker species (Family Catastomidae) (Gast et al. 2005).  The general species composition 
upstream of the dam was confirmed by Nevada Irrigation District (NID) in 2008 and 2009 when 
its snorkeling surveys in the Middle Yuba River about 0.5 mile upstream of Our House 
Diversion Dam found Sacramento suckers, rainbow trout, and Sacramento pikeminnow (NID 

                                                 
2  A transition fishery is one that includes both coldwater and warmwater fishes and is typically found in the Sierra in lower 

elevations where the fish community transitions from a coldwater fishery dominated by trout in the higher elevations to a 
warm water fishery in the lower elevations. 
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and PG&E 2010).  NID did not find any hardhead, a California Department of Fish and Game 
(CDFG) Species of Concern and Forest Service Sensitive Species, in its sampling.  CDFG does 
not stock fish in this area of the Middle Yuba River. 
 
LicenseeYCWA was unable to find any existing information regarding the fish community in 
Oregon Creek near Log Cabin Diversion dam, but the fish community is likely similar to that at 
Our House Diversion Dam.  CDFG does not stock fish in Oregon Creek. 
 
While LicenseeYCWA was unable to find any recent fish studies of New Bullards Bar 
Reservoir, CDFG fish stocking records are very informative.  The reservoir has a long history of 
annual fish stocking activities dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 
1974).  Between 1969 and 2007, about 5 million Kokanee salmon (O. nerka), nearly 1.6 million 
rainbow trout, just over 310,000 Eagle Lake rainbow trout, 40,000 brook trout (Salvelinus 
fontinalis), 200 eastern brook trout, 200 cutthroat trout (Oncorhynchus clarki), Kamloop rainbow 
trout, and 185 spotted bass (Micropterus punctulatus) were planted in New Bullards Bar 
Reservoir by CDFG (CDFG 1989, 2007).  Besides these fishes, sport fishermen report catching 
in the reservoir largemouth bass (M. salmoides), smallmouth bass, redear sunfish (Lepomis 
microlophus), crappie (Pomoxis sp.), bluegill (L. macrochirus) and channel catfish (Ictalurus 
punctatus). 
 
Based on the above information, the potential affects to fish populations due to possible 
entrainment into one or more of the above low-level intakes is low.  No fishes listed as 
endangered or threatened under the federal Endangered Species Act (ESA) or California 
Endangered Species Act (CESA) are potentially affected, and hardhead, a California Species of 
Concern and Forest Service Sensitive Species, may or may not be affected: Gast et al. (2005) 
reported possible observing some in 2004 but NID did not find any in 2008 and 2009.  Second, 
any fish entrained into either Our House or Log Cabin diversion dam low-level intakes would 
not be damaged since they would simply pass unimpeded (i.e., not pass through any valves) to 
the river downstream of the dam.  Potential entrainment effects related to Our House and Log 
Cabin diversion dam auxiliary intakes and the New Bullards Bar Dam low-level intake would be 
very short-term since these intakes are used on a very infrequent basis.  Further, with regards to 
the New Bullards Bar Dam low-level intake, the potential for fish to be entrained during its 
infrequent use is low because the intake is located at elevation 1,447.7 ft in the reservoir, over 
508 feet below the reservoir surface at full pool (El. 1,956 ft), where fish normally do not 
congregate. 
 
Given the low potential to entrain native fish, the fish populations potentially affected contain no 
special-status, ESA-listed or CESA-listed fishes with the possible exception of hardhead, and the 
fish that may be entrained through intakes that are normally used would not be damaged, no 
additional data gathering regarding entrainment effects at the Project’s five low-level intakes is 
proposed. 
 
3.1.2 Project Power Diversions 
 
The Project includes three water diversions, each of which terminates at a powerhouse or a 
powerhouse bypass.  These are 1) New Bullards Minimum Flow Powerhouse Penstock, 2) New 
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Colgate Power Tunnel and 3) Narrows 2 Powerhouse Penstock.  Table 3.1-2 provides 
information regarding the conduits, and Figures 3.1-1 and 3.1-2 and 3.1-3 show the amount of 
water diverted by each structure in representative normal, wet and dry water years.  Figure 3.1-1 
shows the New Colgate Power Tunnel Intake portals. 

 
Figure 3.1-1.  New Colgate Power Tunnel Intake. 
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Table 3.1-2.  Description of Project power diversions. 

Intake 
Structure 
(From/To) 

Conduit 
Description 

Turbine Number 
and Type/Bypass 
Control Valve or 

Gate 

Depth of 
of Intake Invert 

at Full Pool 

Existing Minimum 
Release 

Estimated 
Maximum 
Capacity 

(type & size) (# and type) (feet) (cfs) (cfs) 
NORTH YUBA RIVER 

New Bullards Bar 
Minimum Flow 
Powerhouse 
Penstock 
(New Bullards Bar 
Reservoir/North 
Yuba Rive at base of 
New Bullards Bar 
Dam) 

70-foot long, 12 in 
diameter steel pipe 

1 Pelton Turbine/ 
No Powerhouse 

Bypass 

508.5 ft deep 
(El, 1,447.5 ft as 
compared to full 

pool at El. 1,956 ft),  

5 cfs at all times 6 cfs 

New Colgate Power 
Tunnel and Penstock 
(New Bullards Bar 
Reservoir/ 
Yuba River) 

 5.2 miles long and 
composed of four 
different types of 

conveyance 
structures: an 

unlined horseshoe 
tunnel 26 feet 

square; an lined 
horseshoe tunnel 20 
feet wide and 14.5 
feet high; a lined 
circular tunnel 14 

feet in diameter; and 
2,809 feet of steel 
penstock with a 

diameter ranging 
from 9 feet to 14.5 

feet.   

2 Pelton Turbines/ 
No Powerhouse 

Bypass 

Two openings in 
intake structure: 

deeper opening is 
336 ft deep 

(El, 1,620 ft as 
compared to full 

pool at El. 1,956 ft) 
and 

 upper opening is 
148 ft deep 

(El, 1,808 ft as 
compared to full 

pool at El. 1,956 ft) 
 

5 cfs at all times 3,500 cfs  

YUBA RIVER 
Narrows 2 
Powerhouse 
Penstock  
(USACE’s 
Englebright 
Reservoir/Yuba 
River about 200 ft 
downstream of base 
on USEACE’s 
Englebright Dam) 

748 ft long 
composed of two 

sections: the first is 
a 376-ft long section 
20 feet in diameter 
and concrete lined, 
and the second is a 
372- ft long section 
14 feet in diameter 

and steel lined.  

1 Francis Turbine/ 
Two Powerhouse 
Bypasses: 1) a 78-
inch diameter fixed 
cone valve; and 2) a 

36-inch diameter 
bypass valve. 

86 ft deep 
(El. 439.0 ft as 

compared to full 
pool at El. 525 ft) 

Downstream of 
Narrows 1 and 2 
Powerhouses:1 

Oct 16–10: 600–
1,050 cfs 
Nov: 600-700 cfs 
Dec: 600-1,400 cfs 
Jan 1-15: 1,000-
1,850 cfs 
 

3,400 cfs through 
the Powerhouse, 
3,000 cfs through 

the 78 inch Bypass 
Valve, and 650 cfs 
through the 36 inch 

Bypass Valve 

1  The Project FERC license includes a ramping rate below USACE’s Englebright Dam (Article 33(f), and minimum flows requirements 
downstream of USACE’s Daguerre Point Dam (Article 33(d). 

 
 
LicenseeYCWA has not used the upper gate on the New Colgate Power Tunnel and Penstock 
Intake since 1993 when LicenseeYCWA convened a Temperature Advisory Committee to obtain 
more-refined recommendations for the operation of New Bullards Bar Reservoir’s multilevel 
outlet.  The committee was composed of LicenseeYCWA, United States Fish and Wildlife 
Service (USFWS), and CDFG.  After reviewing temperature model data and the operating 
options, USFWS and CDFG recommended that water releases from New Bullards Bar Reservoir 
be as cold as possible at all times.  LicenseeYCWA immediately implemented this 
recommendation and, since 1993, all controlled releases of water from New Bullards Bar 
Reservoir through New Bullards Bar Minimum Flow Powerhouse into the North Yuba River and 
through New Colgate Powerhouse into the Yuba River have been from the lower intake, which 
withdraws water from the coldest, deepest part of the New Bullards Bar Reservoir.  
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The spacing (i.e., opening between bars) in the trash racks in front of the New Bullards Bar 
Minimum Flow Powerhouse Penstock Intakes is 5.00 inches, and the spacing in the trash racks in 
front of the New Colgate Power Tunnel and Penstock Intake is 2.25 inches.  The spacing in front 
of the Narrows 2 Powerhouse Penstock Intake is 4.1875 inches. 
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Figure 3.1-1.  Mean Daily flow through New Bullards Minimum Flow Powerhouse Penstock in 
representative Normal (2005), Wet (1998) and Dry (2001) water years. 
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Figure 3.1-2.  Mean daily flows through New Colgate Power Tunnel in representative Normal 
(2005), Wet (1998) and Dry (2001) water years. 
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Figure 3.1-3.  Mean dialy flows through Narrows 2 Powerhouse Penstock in representative Normal 
(2005), Wet (1998) and Dry (2001) water years. 
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Included in Figure 3.1-3 is combined flow through the two Narrows 2 Powerhouse bypasses and 
the powerhouse.  The 36-inch diameter valve was included in the original powerhouse design 
and the 78-inch diameter valve was added in 2007 to provide the capability to bypass flows of up 
to 3,000 cubic feet per second (cfs) around the Narrows 2 Powerhouse during times of full or 
partial powerhouse shutdown.  Use of the bypass valves vary by year.  Prior to installation of the 
72-inch diameter valve in 2007, the 36-inch diameter valve was used for 34 days in 2005 
(average flow of 103 cfs) and 15 days in 2006 (130 cfs).  Since 2006, the two bypass valves were 
used, either separately or in combination, for 89 days in 2007 (combined average flow of 695 
cfs), 166 days in 2008 (177 cfs) and 201 days in 2009 (193 cfs). 
 
As described above, fish population data is limited but information available at this time 
identifies the fish community in New Bullards Bar Reservoir as a stocked fishery composed of 
Kkokanee salmon, rainbow trout, Eagle Lake rainbow trout, brook trout, eastern brook trout, 
cutthroat trout, Kamloop rainbow trout and spotted bass.  Other fishes known to occur in the 
reservoir include largemouth bass, smallmouth bass, red ear sunfish, crappie, bluegill sunfish and 
channel catfish.  CDFG has conducted surveys of fish in old and New Bullard’s Bar reservoirs 
since the 1950s.  A 1959 survey of fish species in the old Bullard’s Bar Reservoir found 12 
species of fish including bass, crappie, sunfish, bluegill, bullhead, shiners, Sacramento 
pikeminnow, sucker, and carp species.  A subsequent summary report for CDFG fish survey 
activities in the reservoirs from 1959 through 1974 identified 16 species of fish as relatively 
common in the reservoirs, including smallmouth and largemouth bass, black crappie (Pomoxis 
nigromaculatus) white crappie (Pomoxis annularis), warmouth (Lepomis gulosus), green sunfish 
(Lepomis cyanellus) red-ear sunfish, bluegill, brown bullhead (Ameiurus natalis), Sacramento 
pikeminow, Sacramento sucker (Catostomus occidentalis), common carp (Cyprinus carpio), 
rainbow trout, and Kokanee salmon (CDFG 1974).  Brown trout and white catfish (Ameiurus 
catus) are noted as rare occurrences.  Channel catfish, threadfin shad (Dorosoma petenense), and 
fathead minnow (Pimephales promelas) were reportedly planted in the reservoir prior to 1960, 
but were not captured during any surveys.  Golden shiners (Notemigonus crysoleucas) were 
observed only in 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  The first documented 
CDFG capture of trout was reported in 1970 (CDFG 1963, 1970).  Kokanee salmon were first 
documented during CDFG survey efforts in 1972 (CDFG 1963, 1970, 1972). 
 
Like for the fishery in New Bullards Bar Reservoir, LicenseeYCWA was unable to find any 
recent fish population studies in the United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir, but CDFG fish stocking records are very informative.  As with New 
Bullards Bar Reservoir, the USACE’s Englebright Reservoir has a long history of annual fish 
stocking activities dating back to 1959 (Central Valley Fish Hatchery 1959; CDFG 1974).  
CDFG stocking records indicate that fish plantings in the USACE’s Englebright Reservoir have 
taken place from 1965 through 2007. During this period, just over 756,000 rainbow trout, 
228,320 Kkokanee salmon, 6,973 lake trout, nearly 28,000 brown trout (Salmo trutta), 4,000 
Eagle Lake rainbow trout, 2,640 brook trout, 45 white crappie (Pomoxis annularis), and 80 black 
crappie (P. nigromaculatus) were planted (CDFG 2007).  Stocked species were primarily from 
the Shasta and San Joaquin hatcheries.  Creel surveys conducted from July 2003 through May 
2004 documented 12 sport fish species in USACE’s Englebright Reservoir, including spotted 
bass, smallmouth bass, largemouth bass, bluegill, brown trout, rainbow trout, carp, channel 
catfish, crappie, Kokanee, sucker, yellow perch (Perca flavescens), and Sacramento pikeminnow 
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(CDWR 2006).  Additionally, Englebright Reservoir has a known self-sustaining population of 
Hardhead (J. Rowan, pers. comm., 2011). 
 
Based on the above information, the potential effects to fish populations due to entrainment into 
one or more of the above power tunnels intakes is low.  First, the native fish populations that 
would be affected are primarily stocked fish used to support a put-and-take fishery.  There is a 
reported occurrence of hardhead in Englebright Reservoir, but hardhead are not a deepwater 
species and their life history describes them being in much shallower depths.  There are no 
reported occurrences of, ESA-listed or CESA-listed fishes in the reservoirs.  Second, the intakes 
occur deep in each reservoir where it is unlikely that fish congregate.  However, fish population 
assessments have not been conducted to identify the species and age classes of this reservoir 
community. 
 
Given the low potential to entrain fish and since the fish populations potentially affected are not 
known to include ESA-listed or CESA-listed fishes and the reservoirs support a put-and-take 
fishery, no additional data gathering regarding entrainment effects at the Project’s three power 
intakes is proposed. 
 
3.2 Intakes for which Additional Data Gathering Is Proposed 
 
3.2.1 New Bullards Bar and USACE’s Englebright Reservoir 
 
Entrainment monitoring is currently not proposed at either New Bullards Bar or USACE’s 
Englebright Reservoir.  Reservoir fish population sampling will be conducted near each dam’s 
intakes up to a depth of 100 ft.  This sampling will help characterize deepwater fish populations 
in both reservoirs and be used for any future discussions of entrainment at either dam facility. 
 
3.2.2 Project Non-Power Diversion Intakes 
 
The Project includes two non-power diversions intakes: 1) Lohman Ridge Tunnel; and 2) 
Camptonville Diversion Tunnel.  Both diversions are from small impoundments (<200 acres), 
and the water conduits are composed entirely of underground tunnel except in the immediate 
vicinity of the intake and outlet where the tunnel daylights.  Table 3.2-1 provides information 
regarding the conduits, and Figures 3.2-1 and 3.2-2 show the amount of water diverted by each 
structure in representative normal, wet and dry water years.  Since flow into the tunnels was not 
gaged prior to Water Year 1989, the 1988 data in Figures 3.2-1 and -2 are the result of a 
synthesis. 
 
The spacing (i.e., opening between bars) in the trash racks in front of the Lohman Ridge and 
Camptonville diversion tunnel intakes is 10.625 inches and 11.0 inches, respectively. 
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Table 3.2-1.  Description of Project’s non-power diversion intakes. 

Intake 
Structure 
(From/To) 

Dimensions 
and 

Type 

Intake   
Structure 

Outlet 
Structure  

Estimated 
Maximum 
Capacity 

(feet and type) (type) (type) (cfs) 
MIDDLE YUBA RIVER 

Lohman Ridge Diversion Tunnel 
Intake 
(Our House Diversion Dam 
Impoundment on Middle Yuba 
River/Log Cabin Diversion Dam 
Impoundment on Oregon Creek)  

12.5 ft high by 12.5 
ft wide, 19,410 feet 
(90% unlined and 
10% lined) Tunnel 

 

15 ft high by 12 ft wide 
concrete structure with a 
trash rack and  slide gate 
operated manually by a 

motor on-site 

15 ft high by 12 ft 
wide concrete 

structure: no control or 
enclosure (e.g., rack or 

fence) 

860 cfs 

OREGON CREEK 

Camptonville Diversion Tunnel 
Intake 
(Log Cabin Diversion Dam 
Impoundment on Oregon 
Creek/New Bullards Bar Reservoir 
on North Yuba River) 

6,107 ft Tunnel.  
First 4,275-ft 
section is an 

unlined, horseshoe 
tunnel 14.5 ft wide 
by 14.5 ft high, and 
the second 1,832-ft 

section is a lined 
11.7 ft wide by 13 
ft high  horseshoe 

tunnel. 

14.5 ft high by 14.5 ft 
wide concrete structure 
with a trash rack and  
slide gate operated 

manually by a motor on-
site 

13 ft high by 11.7 ft 
wide concrete 

structure: no control or 
enclosure (e.g., rack or 

fence) 

1,100 cfs 
(Includes direct 

diversion of natural 
flow in Oregon Creek 

and re-diversion of 
water from Middle 
Yuba River through  

Lohman Ridge 
Diversion Tunnel into 

the Log Cabin 
Impoundment.)   
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Figure 3.2-1.  Mean daily flows in Lohman Ridge Diversion Tunnel in representative Normal 
(2005), Wet (1998) and Dry (2001) water years.  
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Figure 3.2-2.  Mean daily flows in Camptonville Diversion Tunnel in representative Normal (2005), 
Wet (1998) and Dry (2001) water years. 
 
 
As described above, the fish community potentially affected by entrainment into the Lowman 
Ridge Diversion Tunnel Intake is a transition fishery with no special-status, ESA-listed or 
CESA-listed fishes with the possible exception of hardhead (CSC).  Little information is known 
concerning the potentially-affected fish community in Oregon Creek, but the fish community is 
likely composed of the same fish as near the Lohman Ridge Diversion Tunnel intake.   
 
While the two tunnels generally do not divert water from around mid July through October, 
significant amounts of water are diverted at other times of the year.  Given the volume of water 
diverted by the two intakes, the potential for fish to be entrained is high when the diversions 
occur, which could affect local fish populations. 
 

4.0 Study Goals and Objectives 
 
The goal of this study is to determine if the withdrawal of water at the Project’s Lohman Ridge 
and Camptonville Diversion tunnel intakes are likely to have adverse effects on native fish 
populations. 
 
The objective of this study is to gather the information necessary to address the study. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Middle Yuba River in the immediate vicinity of Our House 
Diversion Dam and Oregon Creek in the immediate vicinity of the Log Cabin Diversion Dam. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
LicenseeYCWAs will obtain all necessary permits prior to performing fieldwork. 
 
5.2 General Concepts 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (no effort in addition the specific field tasks identified for the specific 
study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g. zebra mussels, Dreissena 
polymorpha).  This is of primary importance when moving: 1) between tributaries and 
mainstem reaches; 2) between basins (e.g. Middle Yuba River, Yuba River and North Yuba 
River); and 3) between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following four steps, each of which is described below.   
 
5.3.1 Step 1 – Collect, Tag and Release Fish   
 
LicenseeYCWA will conduct four field efforts in March 2011, two each in Our House Diversion 
Dam and Log Cabin Diversion Dam impoundments, to collect up to 30 8 inch or longer rainbow 
trout in each impoundment.  Sampling will be performed using hook and line, gill nets, and/or 
fyke nets.  Uninjured captured fish will be radio tagged and released immediately into the 
impoundment from which they were captured.  For each rainbow trout caught, LicenseeYCWA 
will record length and weight, time the fish was captured and released, condition, and the radio 
tag frequency.   
 
The YCWALicensee currently is planning to use a Lotek NanoTag radio transmitter, which will 
be surgically inserted in the peritoneal cavity of the rainbow trout following standard methods 
outlined in Moore et al. (1990 a, b).  Radio transmitters are highly effective at tracking individual 
fish in freshwater at monitoring depths up to 150 to 200 feet, depending upon conductivity 
(Shroyer and Logsdon 2009).   
 
If LicenseeYCWA is unable to capture the target fish in the impoundment in the two sampling 
events, LicenseeYCWA will seek permission from CDFG to tag and release hatchery fish to 
meet the target number of 30 fish in the impoundment in the same time frame.   
 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.2 Step 2 – Track Fish Movement    
 
LicenseeYCWA will begin tracking the movement of radio tagged fish as soon as they are 
released and continue tracking for the term of the expected life of the radio tag (~24 days).  It is 
not currently known if a fixed monitoring station will be able to be fitted into the tunnel intakes 
and outlets, but the logistics of that installations will be investigated.  Both fixed monitoring 
stations and mobile monitoring will occur.  The configuration of the monitoring will be 
determined after a logistical assessment is completed, but the configuration will be able to 
determine movement in the impoundment and entrainment into the tunnel, if it occurs.  Mobile 
tracking will be conducted 5 days a week for the monitoring period to identify fish positions.  If 
it is determined that fixed monitoring stations are feasible, monitoring at those stations would 
likely occur over 24 hour periods.  
 
If a transmitter does not move for more than one day, the fish will be considered deceased and 
removed from the monitoring effort.   
 
5.3.3 Step 3 – QA/QC and Analyze Data 
 
LicenseeYCWA will perform a quality assurance/quality control review of the data.  The fish 
radio tracking data will be analyzed in combination with the results of LicenseeYCWA’s Stream 
Fish Populations Study data to assess the potential for effects to rainbow trout stream populations 
due entrainment into the two diversion tunnels.     
 
5.3.4 Step 4 – Prepare Report   
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any. 
 
For all special-status fish observations, LicenseeYCWA will complete and file the appropriate 
California Natural Diversity Database form. 
 

6.0 Study-Specific Consultation 
 
This study does not include any specific consultation unless the target number of fish can not be 
collected at each impoundment.  In that case, LicenseeYCWA will consult with CDFG regarding 
using hatchery fish to supplement the collected fish to perform the study. 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming the PAD is 
filed on November 1, 2010, and FERC issues its Study Determination by October 4, 2011: 
 
Collect, Tag and Release Fish (Step 1) .........................................................................  March 2012 

Track Fish Movement (Step 2) .........................................................................  March - April 2012 
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QA/QC and Analyze Data (Step 3) ............................................................ August-September 2012 

Prepare Report (Step 4)  ..................................................................... September – November 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0  Level of Effort and Cost 
 
YCWA believes the cost range estimate for this study in 2011 dollars to be from $175,000 to 
$235,000.  
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Study 4.1 

SPECIAL-STATUS WILDLIFE - 
CALIFORNIA WILDLIFE HABITAT RELATIONSHIPS 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) and recreation has the potential to 
affect special-status wildlife.1 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resources to be Studied 

 
LicenseeYCWA believes that three agencies have jurisdiction over wildlife in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, Fish and Wildlife Service (USFWS); and 3) California Department of Fish and Game 
(CDFG).  Each of these agencies and their jurisdiction and management direction, as understood 
by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 

                                                 
1  Special-status wildlife are considered those wildlife species: 1) found on National Forest System (NFS) land and formally 

listed by the United States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator 
Species; 2) listed under the federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or 
threatened or proposed for delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as 
endangered or threatened or proposed for delisting; or 5) formally listed by California Department of Fish and Game as a 
Species of Special Concern. For the purpose of this study proposal, species listed as threatened or endangered under the ESA 
or CESA are addressed separately. 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to determine presence and distribution of special-status wildlife in the 
vicinity of the existing FERC Project Boundary,2  and Project O&M activities that might affect 
these species.  The objective of the study is to query California Department of Fish and Game’s 
(CDFG) California Wildlife Habitat Relationships (CWHR) system and Project Operations’ Staff  
to meet the study goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring special-status 
wildlife in the Project Vicinity3 is available from the California Natural Diversity Database 
(CNDDB), CDFG’s CWHR program and the United States Department of Agriculture Forest 
Service (Forest Service) Geographic Information System (GIS) database.  Forest Service data 
also include various biological evaluations addressing special-status wildlife.  This information is 
useful in developing a target list of special-status wildlife species for the study and identifying 
their potential habitat in the Project Area.   
 
Based on the general vegetation patterns described in the Botanical Resources section of the 
PAD (Section 7.5), LicenseeYCWA classified wildlife habitats in the Project Vicinity using the 
CWHR program (de Becker and Sweet 1988; CDFG 2005, 2009a).  The CWHR model predicts 
wildlife use based on habitat type, age class, size class, canopy closure or cover, and occurrence 
of specific habitat elements that influence thermal cover, forage, prey availability, nesting, 
escape cover, and breeding.  LicenseeYCWA assessed upland vegetation with information from 
the Forest Service’s CalVegetation (CalVeg) mapping system, which are publicly available data 
(USDA 2004a), and the Forest Service’s Crosswalk (USFS 2004b) to identify habitats in the 
Project Vicinity.  The Crosswalk converts CalVeg Alliances into the appropriate CWHR habitat 
type. Using the identified habitat types and CWHR, LicenseeYCWA identified terrestrial 
vertebrate wildlife species potentially occurring within the Project Vicinity.  

The results of the CWHR analysis and current lists of special-status wildlife indicate that there 
are 41 species with potential to occur in the Project Area including 1 reptile, 28 birds and 12 
mammals.  Table 4.0-1 provides the target list of special-status wildlife for this study including 
for each species: 1) status; 2) general habitat preference; and 3) CWHR habitats.  
 

                                                 
2  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next major 
water controlling feature or structure.  

3  For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 
States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Table 4.0-1.  Special-status wildlife species known to occur or with the potential to occur within the 
Project Area for the Yuba River Development Project. 

Species 
Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

REPTILES 

Coast horned lizard 
Phrynosoma coronatum 

FSS,  
SSC 

Variety of habitats including scrubland, 
grassland, coniferous woods, and 
broadleaf woodlands. 

Yearlong-AGS, BOP, 
BOW, MHC, PPN 

NatureServe 2009 
Vindum and Koo 1999 
CDFG 2008 

BIRDS 
American white pelican 
Pelecanus 
erythrorhynchos 

SSC 
Rivers, lakes, reservoirs, estuaries, bays, 
marshes; sometimes inshore marine 
habitats. 

Summer-BAR, 
Yearlong & Winter-
WAT 

NatureServe 2009 
CDFG 2008 

Redhead 
Aythya americana 

SSC 
Open water on lakes, ponds, and 
reservoirs. 

Winter-WAT 
NatureServe 2009 
CDFG 2008 

Northern goshawk 
Accipiter gentilis 

FSS,  
SSC 

Lodgepole Pine, Red Fir, Mountain 
Hemlock, White Pine and Mixed 
Conifer dominated forest  

Yearlong- DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Winter-BOP, 
BOW 

TNF 1978 
TNF 2006 
TNF 2007 
CDFG 2008 

Blue grouse 
Dendragopus obscurus 

MIS 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir, Mountain 
Hemlock and White Pine dominated 
forest from 1200 ft to 7500 ft elevation 

Yearlong – MHC, 
SMC, PPN, WFR, 
SCN 

TNF 1978 
TNF 2006 
CDFG 2008 

Oregon vesper sparrow 
Pooecetes gramineus 
affinis  

SSC 
Plains, prairie, dry shrublands, savanna, 
weedy pastures, fields, sagebrush, arid 
scrub, and woodland clearings. 

Winter-AGS, BOP, 
BOW.  Summer-MCP 

NatureServe 2009 
CDFG 2008 

Grasshopper sparrow 
Ammodramus 
savannarum 

SSC 

Prefer grasslands of intermediate height 
and are often associated with clumped 
vegetation interspersed with patches of 
bare ground.  Other habitat requirements 
include moderately deep litter and sparse 
coverage of woody vegetation. 

Summer-AGS 
NatureServe 2009 
CDFG 2008 

Fox sparrow 
Passerella iliaca 

MIS 

Dense thickets in coniferous or mixed 
woodlands, chaparral, along rivers and 
creeks.  Requires dense brushy cover 
during the nesting season. 

Yearlong-MHC, MCH CDFG 2008 

Olive-sided flycatcher 
Contopus cooperi 

SSC 

Forest and woodland, in burned-over 
areas with standing dead trees, in taiga, 
subalpine coniferous forest and mixed 
coniferous-deciduous forest.  Also 
swampy edges of lakes, marshy streams, 
backwaters of rivers. 

Summer-DFR, MHC, 
MHW, PPN, SMC.  
Migrant-BOP 

NatureServe 2009 
CDFG 2008 

Yellow-headed blackbird 
Xanthocephalus 
xanthocephalus 

SSC 

Fresh-water marshes of cattail, tule, or 
bulrushes.  Nests in wet grasses, reeds, 
cattails.  Also in open cultivated lands, 
pastures and fields. 

Yearlong-WAT.  
Summer-AGS 

NatureServe 2009 
CDFG 2008 

Tricolored blackbird 
Agelaius tricolor 

SSC 

Fresh-water marshes of cattails, tule, 
bulrushes, and sedges.  Nests in 
vegetation of marshes or thickets, 
sometimes nests on the ground.  
Historically strongly tied to emergent 
marshes; in recent decades much nesting 
has shifted to non-native vegetation. 

Yearlong-AGS 
NatureServe 2009 
CDFG 2008 

Yellow warbler 
Dendroica petechia 

MIS,  
SSC 

Open scrub, second-growth woodland, 
thickets, farmlands and gardens, 
especially near water; riparian 
woodlands, especially of willows, in the 
West. 

Summer-BOP, BOW, 
MCP, MHC, MHW, 
PPN, SMC.  Migrant-
DFR 

NatureServe 2009 
CDFG 2008 
TNF 1978 
 

Hairy woodpecker 
Picoides villosus 

MIS 

Mature woods with large old trees 
suitable for cavity nesting; also common 
in medium-aged forests; prefers woods 
with a dense canopy 

Yearlong – MHC, 
MHW 

NatureServe 2009 
CDFG 2008 

Common yellowthroat 
Geothlypis trichas 

SSC 

Marshes (especially cattail), thickets 
near water, bogs, brushy pastures, and 
old fields.  In migration and winter also 
in brushy and shrubby areas in both 
moist and arid regions. 

Yearlong-AGS, BOP, 
BOW, DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Summer-MRI 

CDFG 2008 
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Table 4.0-1.  (continued) 
Species 

Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

BIRDS (continued) 

Black-backed 
woodpecker 
Picoides arcticus 

MIS 

Associated with boreal and montane 
coniferous forests, especially in areas 
with standing dead trees such as burns, 
bogs, and windfalls; less frequently in 
mixed forest 

Yearlong – SMC, 
MHC 

NatureServe 2009 
CDFG 2008 

Mountain quail  
Oreortyx pictus 

MIS 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir, Mountain 
Hemlock and White Pine dominated 
forest from 1200 ft to 7500 ft elevation 
and mountain chaparral 

Yearlong – RFR, 
MHW, SMC, PPN, 
WFR, SCN 
 

TNF 1978 
TNF 2006 

California spotted owl 
Strix occidentalis 
occidentalis 

 FSS,  
MIS, 
 SSC 

 

Mixed forests dominated by Black Oak, 
Lodgepole Pine, Red Fir White Fir, 
Ponderosa Pine, Sugar Pine, Incense 
Cedar, Douglas Fir  

Yearlong-BOP, MHW.  
Summer-MRI 

TNF 1978 
TNF 2006 
TNF 2007 

Common  loon 
Gavia immer 

SSC 
Lakes containing both shallow and deep 
water areas 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 

Long-eared owl 
Asio otus 

SSC 

Deciduous and evergreen forests, 
orchards, wooded parks, farm woodlots, 
river woods, desert oases. Wooded areas 
with dense vegetation needed for 
roosting and nesting, open areas for 
hunting. 

Yearlong-AGS, BOP, 
BOW, MCP, MHC, 
MHW, PPN, SMC 

NatureServe 2009 
CDFG 2008 

Short-eared owl 
Asio flammeus 

SSC 
Broad expanses of open land with low 
vegetation for nesting and foraging are 
required.  

Yearlong-AGS 
Winter-BOP, BOW, 
DFR, NHC, PPN, 
SMC 

NatureServe 2009 
CDFG 2008 

Purple martin 
Progne subis 

SSC 
A wide variety of open and partly open 
situations, frequently near water or 
around towns 

Summer-AGS, BOP, 
BOW, DFR, MHC, 
MHW, PPN, SMC, 
WAT 

NatureServe 2009 
CDFG 2008 
TNF 1978 

Loggerhead shrike 
Lanius ludovicianus 

SSC 

Open country with scattered trees and 
shrubs, savanna, desert scrub, and, 
occasionally, open woodland; often 
perches on poles, wires or fence posts. 

Yearlong-AGS, BAR,  
BOP, BOW, MCH, 
MHC, MHW, PPN 

NatureServe 2009 
CDFG 2008 

Yellow-breasted chat 
Icteria virens 

SSC 

Second growth, shrubby old pastures, 
thickets, bushy areas, scrub, woodland 
undergrowth, and fence rows, including 
low wet places near streams, pond 
edges, or swamps; thickets with few tall 
trees 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 

Barrow’s goldeneye 
Bucephala islandica 

SSC 
Winters on lakes, rivers, estuaries, and 
bays. Usually nests near lake or pond 
surrounded by dense vegetation. 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 

Harlequin duck 
Histrionicus histrionicus 

SSC 
Historic breeding grounds include west 
slope of the Sierra Nevada along shores 
of swift, shallow rivers. 

Yearlong - WAT 
NatureServe 2009 
CDFG 2008 

Northern harrier 
Circus cyaneus 

SSC 
Marshes, meadows, grasslands, and 
cultivated fields. 

Yearlong-AGS, BAR, 
BOP, BOW, WAT.  
Summer-DFR, MCP, 
MHC, MHW, PPN, 
SMC 

NatureServe 2009 
CDFG 2008 

Black swift 
Cypseloides niger 

SSC 
Nests in moist crevices or caves, or on 
cliffs near waterfalls in deep canyons. 
Forages widely over many habitats 

Summer-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC, WAT 

NatureServe 2009 
CDFG 2008 
TNF 1978 

Vaux’s swift 
Chaetura vauxi 

SSC 
Found in mature forests but also forages 
and migrates over open country. 

Summer-BOP, DFR, 
MCP, MHC, MHW, 
PPN, SMC, WAT 

NatureServe 2009 
CDFG 2008 

Black tern 
Chlidonias niger 

SSC 
Marshes, along sloughs, rivers, 
lakeshores, and impoundments, or in wet 
meadows 

Summer-WAT 
NatureServe 2009 
CDFG 2008 
TNF 1978 
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Table 4.0-1.  (continued) 
Species 

Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

BIRDS (continued) 

Burrowing owl 
Athene cunicularia 

SSC 

Open grasslands, especially prairie, 
plains, and savanna, sometimes in open 
areas such as vacant lots near human 
habitation or airports. 

Yearlong-AGS, BAR, 
BOP, BOW, MCP, 
PPN 

NatureServe 2009 
CDFG 2008 
 

MAMMALS 

Western red bat 
Lasiurus blossevillii 

FSS, 
 SSC 

Roosts in foliage, forages in open areas 
(sea level up through mixed conifer 
forests) 

Yearlong-AGS, BOP, 
BOW, MCP, MHC.  
Summer-DFR, MHW, 
PPN, SMC, WAT 

SFWPA 2006 
TNF 2005 
CDFG 2008 
 

Spotted bat 
Euderma maculatum 

SSC 
Arid deserts, grasslands, and mixed 
conifer forests (0–9,800 ft) 

Yearlong-AGS, BOP, 
BOW, MCP, MHC, 
PPN, SMC, WAT 

SFWPA 2006 
CDFG 2008 
 

Townsend’s big-eared bat 
Corynorhinus townsendii 

FSS,SSC 
Roosts in buildings, mines, tunnels, and 
caves; feeds along habitat edges (0-
10,365 ft) 

Yearlong-BAR, BOP, 
BOW, DFR, MCP, 
MHC, MHW, PPN, 
SMC.  Summer-AGS, 
WAT 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Pallid bat 
Antrozous pallidus 

FSS, SSC 
Roosts in caves, crevices, and buildings; 
feeds in a variety of open habitats (8,000 
ft) 

Yearlong-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC.  Sumer-
WAT 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Western mastiff bat 
Eumops perotis 

SSC 

Open areas with abundant roost 
locations provided by crevices in rock 
outcrops and buildings  at lower 
elevations, but as high as 8,700 ft 

Yearlong-AGS, BAR, 
BOP, BOW, MCP, 
MHC, MHW, PPN 

SFWPA 2006 
CDFG 2008 
 

American marten  
Martes americana 

FSS, MIS 
Late successional forest near streams 
and meadows 

Yearlong-BAR, DFR, 
MHC, PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 

Pacific fisher 
Martes pennanti 

FSS, SSC 
Late successional forest near streams 
and meadows  

Yearlong-DFR, MHC, 
PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 

Northern flying squirrel 
Glaucomys sabrinus 

MIS, , FSS 
Coniferous and mixed forest, but will 
utilize deciduous woods and riparian 
woods 

Yearlong-BOP, BOW, 
DFR, MHC, MHW, 
PPN, SMC 

NatureServe 2009 
CDFG 2008 
 

Mule deer 
Odocoileus hemionus 

MIS 

Early to intermediate successional stages 
of most forest, woodland, and brush 
habitats interspersed with herbaceous 
openings, dense brush or tree thickets, 
riparian areas, and abundant edge 

Yearlong-AGS, BOP, 
BOW, DFR, MCP, 
MHC, MHW.  
Summer-PPN, SMC 

SFWPA 2006 
TNF 2006 
CDFG 2008 
 

Sierra Nevada 
snowshoe  hare 
Lepus americanus 
tahoensis 

SSC 

Riparian communities with thickets of 
deciduous trees and shrubs such as 
Willows and Alders. They also frequent 
dense thickets of young conifers and 
chaparral 

Yearlong-DFR, SMC 
NatureServe 2009 
CDFG 2008 
 

American badger 
Taxidea taxus 

SSC 

Prefers open areas and may also frequent 
brushlands with little groundcover.  
When inactive, occupies underground 
burrow. 

Yearlong-AGS, BAR, 
BOP, BOW, DFR, 
MCP, MHC, MHW, 
PPN, SMC 

NatureServe 2009 
CDFG 2008 
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Table 4.0-1. (continued) 

Species 
Special  
Status1 

Suitable Habitat  
Type 

Temporal and Spatial 
Distribution2 

References 

MAMMALS (continued) 
Sierra Nevada mountain 
beaver 
Aplodontia rufa 
californica 

SSC Dense riparian-deciduous and open, 
brushy stages of most forest types 

Yearlong – MCH, 
MHC, SMC 

NatureServe 2009 
CDFG 2008 

 
 1Status: 
 SSC =  California Species of Special Concern (CDFG 2009b) 
 FSS =  United States Forest Service Sensitive Species (USFS 2001) 
 MIS =  Management Indicator Species (TNF 2006) 
2 Vegetation communities and habitats as defined in the California Wildlife Habitat Relationships system. 
      AGS = Annual Grass 
      BAR = Barren 

BOP = Blue Oak Foothill Pine 
BOW = Blue Oak Woodland 
DFR = Douglas Fir 
MCH = Mixed Chaparral 
MCP = Montane Chaparral 
MHC = Montane Hardwood Conifer 
MHW = Montane Hardwood 
PPN = Ponderosa Pine 
SMC = Sierran mixed Conifer 
URB = Urban 

 WAT = Lacustrine and Riverine (Water) 

 
 
In order to meet the goals of the study, LicenseeYCWA has identified the following additional 
information needs: 1)  development of maps identifying CWHR habitat types for each species 
identified in table 4.0-1; 2)  known protected wildlife habitats (e.g., California Spotted Owl 
Protected Activity Centers [PACs] and Home Range Core Areas, Northern goshawk PAC), and 
CNDDB and USFS species occurrence data for target species; and 3) a list of Project O&M 
activities that includes location and duration of the activity. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary4 and an area 
extending 0.25 mile from the boundary.  This includes all Project facilities (e.g., powerhouses, 
dams, and conduits) as well as Project recreation sites (e.g., reservoirs and campgrounds).  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 

                                                 
4  The existing FERC Project Boundary is the area that LicenseeYCWA uses for normal Project operations and maintenance, 

and is shown on Exhibits G, J, and K of the current license.  
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 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
The study methods consist of the four steps described below. 
 
5.3.1 Step 1 – Create Maps that Include Vegetation Communities, Wildlife 

Habitats and Project Facilities 
 
LicenseeYCWA will produce maps at a scale of 1:24,000 that include CWHR habitat types, 
known protected wildlife habitats (e.g., California spotted owl Protected Activity Centers [PACs] 
and Home Range Core Areas, northern goshawk PAC) and project facilities. In addition, 
CNDDB and USFS species occurrence data for target species will be included. 
 
5.3.2 Step 2 – Compile Project O&M Activities 
 
LicenseeYCWA will compile a list of Project operations and maintenance activities by facility.  
In each instance, Project Operations Staff will be consulted to describe the nature and frequency 
of Project O&M.  
 
5.3.3 Step 3 – Analysis of Habitat and Project O&M 
 
LicenseeYCWA will use the maps identified in Step 1 to identify areas within the study area in 
which special-status wildlife habitat and Project O&M overlap.   
 
5.3.4 Step 4 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Discussion; 4) Conclusions; and 5) Description of 
Variances from the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ................................................................................. November – December 2011 
Analysis (Step 2) ................................................................................................ January - July 2012 
Report Preparation (Step 3) ........................................................................ August September 2012 
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8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $13,500 and 
$18,300. 
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Study 4.2 

SPECIAL-STATUS WILDLIFE – 
BATS 

August 2011April 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
special-status1 bats. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that three agencies have jurisdiction over special-status bats in the 
geographic area included in this study proposal: 1) the United States Department of Agriculture, 
Forest Service (Forest Service) on National Forest System (NFS) land; 2) United States 
Department of Interior, Fish and Wildlife Service (USFWS); and 3) California Department of 
Fish and Game (CDFG).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction and management goals areis found in their requested edits to Study 4.2 
Special-status Wildlife - Bats, which is located on page 85 described by CDFG on page of the 
attachment 1 of to CDFG’s March 2, 2011 letter to FERC providing CDFG’s comments on 
YCWA’s PAD . CDFG’s goal, as described on page 2 of CDFG’s letter is to preserve, protect, 

                                                 
1  Special-status wildlife are considered those species: 1) found on National Forest System land and formally listed by the United 

States Department of Agriculture Forest Service as a Sensitive Species or a Management Indicator Species; 2) listed under the 
federal Endangered Species Act (ESA) as Proposed or a Candidate for listing as endangered or threatened or proposed for 
delisting; 3) listed under the California Endangered Species Act (CESA) as Proposed for listing as endangered or threatened or 
proposed for delisting; or 5) formally listed by California Department of Fish and Game as a Species of Concern. For the 
purpose of this study proposal, species listed as threatened or endangered under the ESA or CESA are addressed separately. 
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and as needed, to restore habitat necessary to support native fish, wildlife and plant 
species.jurisdiction and goals are not repeated here. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide the data necessary to perform an analysis of how special-
status bats would be affected by the No-Action alternative and LicenseeYCWA’s Proposed 
Project.  The objective of this study is to gather the information necessary to perform this 
analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.4 of LicenseeYCWA’s PAD includes existing and relevant information regarding 
special-status bats.  This information is summarized below.  
 
Existing and relevant information regarding known and potentially occurring special-status bats 
in the Project vicinity is available from the California Natural Diversity Database (CNDDB) and 
CDFG’s California Wildlife Habitat Relationships (CWHR) program.  Based on the general 
vegetation patterns described in the Botanical Resources section (Section 7.5) of the Pre-
Application Document (PAD), LicenseeYCWA classified wildlife habitats in the Project 
Vicinity using the CWHR system (CDFG 2009).  The CWHR model predicts wildlife use based 
on habitat type, age class, size class, canopy closure or cover, and occurrence of specific habitat 
elements that influence thermal cover, forage, prey availability, nesting, escape cover, and 
breeding.  The CNDDB is a continually refined and updated, computerized inventory of location 
information on the most rare animals, plants, and natural communities in California.  
LicenseeYCWA performed a CNDDB search of project quadrangles to compile available data on 
bat species within the project vicinity.  The results of the CNDDB search are provided in Table 
4.0-1 below.   
 
Based on this analysis, Table 4.0-1 provides the target list of special-status bats for this study, 
including the following information for each species:  special status, general habitat type, and 
recorded occurrence in the Project Vicinity.2 
 
Table 4.0-1.  Special-status bat species known to occur or likely to occur in the Project Vicinity. 

Bat 
Species 

Special  
Status1 

Suitable 
Habitat Type 

Occurrence in 
Project Vicinity 

Western red bat 
Lasiurus blossevillii 

 FSS, 
SSC 

Roosts in foliage, forages in open areas (sea level 
up through mixed conifer forests). 

Two occurrences found on 
CNDDB: one occurrence within 
Smartville and Oregon House 
quads, one occurrence within 
Strawberry Valley quad (CDFG 
2009). 

Spotted bat 
Euderma maculatum 

SSC 
Arid deserts, grasslands, and mixed conifer forests 
(0–9,800 ft). 

Potentially occur within suitable 
habitat. 

                                                 
2  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Townsend’s big-eared bat 
Corynorhinus townsendii 

 FSS,  
SSC 

Roosts in buildings, mines, tunnels, and caves; 
feeds along habitat edges (0-10,365 ft). 

Potentially occur within suitable 
habitat. 

Pallid bat 
Antrozous pallidus 

 FSS, 
SSC 

Roosts in caves, crevices, and buildings; feeds in a 
variety of open habitats (8,000 ft). 

One occurrence found on 
CNDDB within Strawberry 
Valley quad (CDFG 2009). 

Table 4.0-1.  (continued) 
Bat 

Species 
Special  
Status1 

Suitable 
Habitat Type 

Occurrence in 
Project Vicinity 

Western mastiff bat 
Eumops perotis 

SSC 
Open areas with abundant roost locations provided 
by crevices in rock outcrops and buildings  at 
lower elevations, but as high as 8,700 ft. 

Potentially occur within suitable 
habitat. 

1Status: FSS = Forest Service Sensitive Species (USFS 2001) 
 SSC = CDFG Species of Special Concern (CDFG 2008) 

 
 
Existing information is too general to meet the goal of the study.  There are no available reports 
summarizing bat populations within the Project Area.  Additional information needed to address 
the study goal is the specific location of special-status bats in relation to Project facilities and 
normal Project O&M activities that might affect these special-status species. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.3  All Project 
facilities that may be used by bats and road bridges within the FERC Project Boundary will be 
included in the assessment. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 

                                                 
3  The existing FERC Project Boundary is the area that LicenseeYCWA uses for normal Project operations and maintenance, 

and is shown on Exhibits G, J, and K of the current license.  
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regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study. 

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps: 1) initial reconnaissance; 2) focused 
surveys; 3) Long Term Acoustic Monitoring; 4) quality assurance/quality control (QA/QC 
review; and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Initial Reconnaissance 
 
LicenseeYCWA will evaluate all recreation facilities, bridges, dams, powerhouses, and adits 
within the study area.  At each location, LicenseeYCWA will survey the exterior and interior of 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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buildings, and underside of road decks, and associated support structures of bridges for active bat 
roosts and signs of historic use via the presence of guano and staining resulting from urine and 
body oils.  Any observed bat use (not just special-status bats, but all bat species) will be 
documented on a standard data sheet, photographed and the location will be recorded with a 
GPS.  Table 5.3.1-1 summarizes the Project recreation facilities within the study area that will be 
included in the initial reconnaissance surveys.  LicenseeYCWA will use the information 
collected during the visits to identify and prioritize locations that will be targeted for focused 
special-status bat surveys described in Step 2. 
 
Table 5.3.1-1.  List of Project facilities and recreation facilities within the study area. 

Project Feature Project Recreation Facility 
NEW COLGATE DEVELOPMENT

Camptonville Diversion Tunnel New Bullards Bar – Madrone Cove Campground 
Log Cabin Diversion Dam New Bullards Bar – Frenchy Point Campground (Decommissioned) 
Lohman Ridge Diversion Tunnel New Bullards Bar – Garden Point Campground 
Our House Diversion Dam New Bullards Bar – Dark Day Boat Ramp 
New Bullards Bar Dam New Bullards Bar – Dark Day Campground 
New Colgate Power Tunnel New Bullards Bar – Schoolhouse Family Camp 
New Colgate Powerhouse New Bullards Bar – Hornswoggle Group Camp 

NEW BULLARDS FISH RELEASE DEVELOPMENT
New Bullards Min Flow Powerhouse None 

NARROWS 2 DEVELOPMENT 
Narrows 2 Powerhouse None 

 
 
The following types of bat roosts will be considered during the reconnaissance:  
 
 Maternity Roosts.  A maternity roost is a manmade or natural structure that provides 

protection from the elements and predators, and provides the correct thermal environment for 
young rearing.  Maternity roosts tend to be warmer in temperature because breeding females 
need to maintain a high metabolism to aid in lactation.  Juvenile bats need to keep warm to 
maintain a metabolic rate that allows for rapid growth.  According to Tuttle and Taylor 
(1998) maternity roost thermal requirements are species dependent but generally remains 
between 70 degrees Fahrenheit (°F) and 90°F, however big-eared bat nursery roosts have 
been discovered in sites where ambient temperatures are as low as 60°F.  Species that form 
large colonies can be found raising young in mines with ambient temperatures as low as 
56°F, but often prefer 66°F or higher.   

 Day Roosts.  A day roost is a manmade or natural structure where bats are able to spend the 
non-active period of the day resting or in torpor, depending on weather conditions.  Day 
roosts provide shelter from the elements and safety from predators. 

 Night Roost.  A night roost is a manmade or natural structure where bats may rest between 
foraging bouts, digest prey, escape from predators, shelter from weather, and possibly for 
social purposes.  Night roosts are typically sites or structures that retain heat to aid the bat in 
maintaining the higher metabolism necessary for digestion. 

 Winter Hibernacula.  Manmade or natural structures used by bats during colder winter 
months.  During this time, bats enter torpor, receiving nourishment from their fat storage 
gained during summer months.  Many species will awaken for brief periods of time to 
stretch, but will resume torpor.  Bats, such as the Townsends big-eared bat, will hibernate for 
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short periods of time and will often resume feeding behavior during warm winter spells 
(Tuttle & Taylor 1998).  According to Tuttle and Taylor (1998), airflow and temperature are 
key determinants in use of structures, such as tunnels and adits, as hibernacula.  
Temperatures within these roost sites are generally below 53° F at the onset of hibernation, 
and remain between 34° F and 50° F by midwinter.  Structures that have a varying 
temperature regime allow bats to find suitable temperatures during warm or cold winters 
(Tuttle and Taylor 1998). 

 
5.3.2 Step 2 – Focused Surveys 
 
LicenseeYCWA will conduct surveys at locations where evidence of bat activity is found.  All 
bat species, not just special-status bat species, will be recorded.  Specific sampling sites will be 
selected based on the results of the reconnaissance survey, taking into consideration habitat 
suitability, accessibility, and the overall objective of sampling a broad range of habitat types and 
localities within the FERC Project Boundary.  LicenseeYCWA will invite Relicensing 
Participants into the field to comment on the location of both acoustic and mist net sampling 
sites.  
 
Specific sampling sites will be sampled once during July or early August and then again during 
September to maximize the likelihood of detecting special-status bats in a given season, based 
upon the life history patterns and habitat associations of the species that potentially occur during 
each season.   
 
Focused surveys will include the use of both ultrasonic acoustic detectors and mist nets. Surveys 
will be conducted near dusk as bats begin to emerge from their roosts.  LicenseeYCWA will 
obtain the appropriate CDFG permits and approvals prior to beginning surveys.  Each survey 
location will be sampled twice during the study: once during the peak reproductive period (July-
August); and once during the fall migration (September).  Sampling methods are described 
below. 
 
 Acoustic Sampling.  Acoustic sampling will be conducted during peak bat activity using an 

Anabat SD1 bat detector system (Titley Scientific™ East Brisbane, Australia) to identify bat 
species.  The Anabat system detects bat ultrasonic echolocation calls and converts them into 
sonograms.  Anabat SD1 detectors will be programmed to automatically record echolocation 
calls and save them to a compact flash card for later analysis.  If a bat roost is adjacent to a 
mist net site, Anabat units will be oriented so that roost exodus is captured.  If no known 
roosts are present, units will be placed in adjacent foraging habitat or flight corridors. 
Analook computer software developed by Chris Corbin (version 3.7j, May 6, 2009) will be 
employed to analyze the acoustic data collected by the Anabat SD1 system to identify bat 
species (O’Farrell et al. 1999).   

 Mist Net Sampling. Mist net surveys will be conducted at locations identified during the 
reconnaissance surveys within the study area.  Two mist net sampling sessions will occur at 
each site with the first session occurring between July and August, and the second session 
occurring in September.  Mist nets will be opened from 0.5-hour before sunset to 
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approximately midnight or until bat activity ceased.  Nets will be placed in proximity to 
project structures (i.e., powerhouses, dams, supply buildings), over or immediately adjacent 
to water, and in flight corridors between potential roosting structures and foraging habitat.  
Nets will be checked every 15 minutes for captured bats. 

Captured bats will be identified to species via comparison of physical characteristics to those 
described in the key Bats of the Northwestern United States (Bat Conservation International 
2008).  The sex, age (adult or juvenile), and breeding status (reproductive or non-
reproductive) will be recorded on a standardized data sheet.  Additionally forearm length and 
ear length will be recorded in millimeters as well as weight in grams.   
 

5.3.3 Step 3 -– Long- Term Acoustic Monitoring 
 
At four sites, selected in consultation with Relicensing Participants, Long- Term Acoustic 
Monitoring (LTAM) will be conducted.  LTAM will involve the deployment of AnaBat SD1 bat 
detectors for monitoring of bat activity over time.  Analook software will be used to analyze the 
data recorded by the detectors.  LicenseeYCWA will deploy the LTAM equipment in select 
riparian zones adjacent to Project facilities such as dams and powerhouses.  Deployment of the 
LTAM equipment will be from early April through October in order to capture spring migration, 
young rearing, periods of peak bat activity, and fall migration.  Sampling methods are described 
below. 
 
 LTAM Sampling. The AnaBat SD1 bat detectors will be coupled with an external power 

source (e.g., 12 volt battery and small solar panel) for long term deployment, and EME 
Systems Bat-Hats (Berkeley, California) to aid in acoustic data collection.  During each day 
of the study period, all detectors will be programmed to record echolocation calls emitted 
from bats in flight between sunset and sunrise.  Calls will be saved directly to a compact 
flash (CF) card as an individual Anabat call file, with the date and time of the recording as 
the file name.  Initially (April and May) all sites will be visited twice per month in order to 
download recorded calls, and to ensure that all equipment is functioning properly.  After May 
visits to each sight may be reduced to once every three weeks or once per month.   
 
Upon download, data from each site is saved to folders that corresponded to the site location 
and period for which monitoring occurred (e.g., July 1-15).  Call files are further organized 
into folders that specify the date recorded (e.g., 070111).  The latter is performed by the 
software during data transfer from the CF cards to a laptop computer. 

 
5.3.4 Step 4 – Quality Assurance/Quality Control Review   
 
LicenseeYCWA will perform a QA/QC review of all data, including maps, recordings, 
identifications, and sightings. 
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5.3.5 Step 5 – Prepare Report   
 
LicenseeYCWA will prepare a report that includes the following sections: Study Goals and 
Objectives; Methods and Analysis; Results; Discussion; and Description of Variances from the 
FERC-approved study proposal, if any.  The report will include maps and raw acoustic files.   
 
For all special-status bat occurrences, LicenseeYCWA will complete a CNDDB form and 
transmit the form to the CNDDB as applicable. 
 

6.0 Study-Specific Consultation 
 
The study includes one study-specific consultation: 
 
 LicenseeYCWA will invite Relicensing Participants into the field to comment on the location 

of both acoustic and mist net sampling sites.  
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning and Reconnaissance (Step 1) .................................................... October 2011 – July 2012 
Fieldwork (Step 2) .......................................................................................... April – October 2012 
QA/QC Review (Step 3) ......................................................................................... September 2012 
Report Preparation (Step 4) .................................................................... September – October 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from the CDFG and 
other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $75,000 and 
$100,000 
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Study 5.1 

SPECIAL-STATUS PLANTS 
AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an effect on special-status 
plants.  
 
As part of this study, LicenseeYCWA will also record incidental observations of noxious weeds, 
as well as United States Department of Agriculture, Forest Service (Forest Service) Sensitive 
Fungi and Watchlist Plant Communities. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over special-status plants and 
noxious weeds in the geographic area included in this study proposal: 1) the United States 
Department of Agriculture, Forest Service (Forest Service) on National Forest System (NFS) 
land; 2) United States Department of Interior, Fish and Wildlife Service (USFWS); 4) California 
Department of Fish and Game (CDFG); and 4) California Department of Food and Agriculture 
(CDFA).  Each of these agencies and their jurisdiction and management direction, as understood 
by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document (PAD).  The Forest 
Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
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CDFA 
CDFA’s jurisdiction pertains to weeds on State of California land.  
   

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have an adverse effect on special-status plant species.   
 
The objective of this study is to gather the information necessary to perform this analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
4.1 Special-Status Plants1 
 
For the purpose of this Relicensing, special-status plants are those plants that have a reasonable 
possibility of occurring in the Project Area and meets one or more of the following criteria: 
 
 Found on NFS land managed by the Forest Service and formally listed as Forest Service 

Sensitive Plant species for the PNF (FSS-P) or the TNF (FSS-T) or as a Forest Service Watch 
List species by the PNF (FW-P) or the TNF (FW-T). 

 Found on the California Department of Fish and Game (CDFG) Commission’s State and 
Federally Listed Endangered, Threatened, and Rare Plants of California (CDFG 2010), 
including those that are state-listed rare (SR) or a state candidate (SC) for listing species 
listed under the Native Species Plant Protection Act of 1977 (CDFG 2010b). 

 Found on the list of species proposed for listing under the federal ESA, including species that 
are proposed for listing as endangered (FPE) or threatened (FPT), a candidate for listing 
(FC), or proposed for delisting (FPD). 

 Found on the California Native Plant Society’s (CNPS) Inventory of Rare and Endangered 
Plants, including species that are rated as CNPS 1A or CNPS 1B through 4B (CNPS 2010). 

 
Fully protected botanical species listed under CESA and ESA are not considered special-status 
for the purpose of the Relicensing, but are addressed separately in CESA-Listed Plants Study 
7.5, and the ESA-Listed Plants Study 7.1.  These species include those plants that are state 
threatened (ST) or endangered (SE) under the CESA, or federally threatened (FT) or endangered 
(FE) under the ESA. 
 
As discussed in section 7.5 of LicenseeYCWA’s Pre-Application Documentliminary Information 
Package (YCWA 201009), existing and relevant information regarding known and potentially 

                                                 
1  For the purposes of the relicensing, special-status plants include bryophytes, fungi and lichen listed as Sensitive Species by the 

Tahoe and Plumas national forests where these species occur on NFS land. 
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occurring special-status plants in the Project Vicinity2 is available from the California Natural 
Diversity Database (CNDDB) (CDFG 2011), and CNPS Inventory of Rare and Endangered 
Plants database (CNPS 2011), as well as TNF and PNF records.  Based on this information, 
LicenseeYCWA identified 64 plants species that are listed as special-status and have a 
reasonable potential to occur on the Project.  Table 4.1-1 provides for each of the special-status 
plant species: 1) status; 2) flowering period; 3) elevation range; 4) habitat requirements; and 5) 
documented occurrence in the Project Vicinity.  The list has been developed as a guide of species 
likely to occur within the Project Boundary; however, all special-status plant species located 
during Project surveys will be mapped and reported. 
 
Table 4.1-1.  Special-status plants known or with the potential to occur in the Project Vicinity.  

Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Henderson’s bent grass  
Agrostis hendersonii 

FW-P 
CNPS 3 

Apr-Jun 200-1,000 
Valley and foothill grasslands, 
vernal pools 

Present in the Project Vicinity, 
including Brush Creek quadrangle 

Jepson’s onion             
Allium jepsonii 

FSS-P 
CNPS 1B 

Apr-Aug 950-4,500 
Chaparral, cismontane 
woodland, lower montane 
coniferous forest 

Potential to occur in the Project 
Boundary 

Sanborn’s onion 
Allium sanbornii var. 
congdonii 
 

 
FW-T 
FW-P 

CNPS4 
 

 
Apr-July 

 
950-3,250 

Cismontane woodland, lower 
montane coniferous forest 

Present in the Project Vicinity, 
including the Washington 
quadrangle 

Sanborn’s onion  
Allium sanbornii var. 
sanbornii 

FW-T 
CNPS 4 

 
May-Sept 850-5,000 

Chaparral, cismontane 
woodland, serpentine 

Present in the Project Vicinity, 
including the Challenge, Nevada 
City, Clipper Mills, Rackerby, and 
Washington quadrangles  

True’s manzanita 
Arctostaphylos mewukka 
ssp. truei 

FSS 
CNPS 4 

Feb-July 1,400-4,550 
Chaparral, lower montane 
coniferous forest, sometimes 
roadside 

Potential to occur in the Project 
Boundary 

Nissenan manzanita 
Arctostaphylos nissenana 

FSS 
CNPS 1B 

 

Feb-Mar 1,400-3,650 
Closed-cone coniferous forest, 
chaparral 

Potential to occur in the Project 
Boundary 

Webber’s milk-vetch 
Astragalus webberi 

FSS-T 
CNPS 1B 

May-Jul 2700-4000 
Lower montane coniferous 
forest 

Potential to occur in the Project 
Boundary 

Big-scale balsamroot 
Balsamorhiza macrolepis 
var. macrolepis 

CNPS 1B Mar-Jun 300-4,600 

Chaparral, cismontane 
woodland, and valley and 
foothill grassland, sometimes 
serpentine 

Present in the Project Vicinity, 
including the Brush Creek 
quadrangle 

Constance’s rockcress 
Boechera constancei 
[Arabis constancei] 

FSS-P 
CNPS 1B 

May-July 2,600-6,650 

Chaparral, lower montane 
coniferous forest, upper 
montane coniferous forest, 
serpentine soils 

Present in the Project Vicinity, 
including the La Porte quadrangle 

Threadleaf beakseed 
Bulbostylis capillaris 

FW-P 
CNPS 4  

Jun-Aug 1,300-6,800 

Lower montane coniferous 
forest, meadows and seeps, 
upper montane coniferous 
forest 

Potential to occur in Project 
Boundary 

Butte County western 
rosinweed  
Calycadenia oppositifolia 

FSS-P 
CNPS 4  

Apr-Jul 300-3,100 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, meadows 
and seeps, valley and foothill 
grassland and volcanic, 
granitic or serpentine soils 

Potential to occur in Project 
Boundary 

Nightblooming false 
bindweed 
Calystegia atriplicifolia ssp 
buttensis 

FSS-P 
CNPS 4  

 
May-July 1,950-5,000 

Chaparral, lower montane 
coniferous forest, rocky soil, 
sometimes roadside 

Potential to occur in Project 
Boundary 

                                                 
2  For the purposes of the relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Dissected-leaved toothwort  
Cardamine pachystigma 
var. dissectifolia 

FW-P 
CNPS 3 

Feb-May 800-6,900 
Chaparral, lower montane 
coniferous forest 

Present in the Project Vicinity, 
including Cascade , Brush Creek, 
Strawberry, Camptonville and 
Forbestown quadrangles 

Siskiyou sedge  
Carex gigas 

FSS-P 
CNPS 4  

May-July 2,350-7,700 

Mesic, sometimes serpentine 
seeps, lower montane 
coniferous forest, meadows 
and seeps, upper montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Mendocino sedge     
Carex mendocinensis 

FSS May-July 500-5,250 Moist areas, often serpentine 
Potential to occur in Project 
Boundary 

Dissected-leaved toothwort  
Cardamine pachystigma 
var. dissectifolia 

FW-P 
CNPS 3 

Feb-May 800-6,900 
Chaparral, lower montane 
coniferous forest 

Present in the Project Vicinity, 
including Cascade , Brush Creek, 
Strawberry, Camptonville and 
Forbestown quadrangles 

Red Hills soaproot 
Chlorogalum grandiflorum 

FW-T 
CNPS 1B  

May-Jun 800-3800 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, serpentine 
or gabbro soils 

Potential to occur in Project 
Boundary 

Brandegee’s clarkia  
Clarkia biloba ssp. 
brandegeeae 

FSS-P 
FSS-T 

CNPS 1B 
May-Jul 200-3,000 

Chaparral, cismontane 
woodland, often roadcuts 

Present in the Project Vicinity, 
including Pike, Camptonville, 
Challenge, French Corral, and 
Oregon House quadrangles 

White-stemmed clarkia  
Clarkia gracilis ssp. 
albicaulis 

FSS-P 
CNPS 1B 

May-Jul 800-3,500 
Chaparral, cismontane 
woodland, sometimes 
serpentine 

Present in the Project Vicinity, 
including the Forbestown 
quadrangle 

Mildred’s fairyfan  
Clarkia mildrediae ssp. 
lutescens 

FW-P 
CNPS 4  

Jun-Aug 900-5,750 
Cismontane woodland, lower 
montane coniferous forest, 
often roadcuts 

Present in the Project Vicinity, 
including Cascade, Clipper Mills, 
Bush Creek and Strawberry Valley 
quadrangles 

Mildred’s clarkia  
Clarkia mildrediae ssp. 
mildrediae 

FSS-P 
CNPS 1B 

May-Aug 800-5,600 
Cismontane woodland, lower 
montane coniferous 
forest/sandy, usually granitic 

Present in the Project Vicinity, 
including the Brush Creek 
quadrangle 

Mosquin’s clarkia  
Clarkia mosquinii 

FSS-P 
CNPS 1B 

May-Jul 600-4,000 
Cismontane woodland, lower 
montane coniferous 
forest/rocky, roadsides 

Present in the Project Vicinity, 
including Clipper Mills, Strawberry 
Valley, Cascade, and Brush Creek 
quadrangles 

Branched colybia     
Collybia  racemosa 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Potential to occur in the Project 
Boundary. 

Large cudonia 
Cudonia monticola 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Potential to occur in the Project 
Boundary. 

MacNab’s cypress 
Cupressus macnabiana 

FW-P --- 900-2,750 
Chaparral, oak woodland, 
coniferous woodlands, 
serpentine or infertile soils 

Potential to occur in Project 
Boundary 

California lady’s slipper 
orchid  
Cypripedium californicum 

FW-P 
CNPS 4 

Apr-Aug 100-9,000 

Bogs and fens, lower montane 
coniferous forest seeps and 
streambanks, usually 
serpentine 

Present in the Project Vicinity, 
including La Porte and Strawberry 
Valley quadrangles 

Clustered lady’s-slipper 
Cypripedium fasciculatum 

FSS-T  
FSS-P 

CNPS 4 
Mar-Aug 500-7200 

Lower montane coniferous 
forest, North Coast coniferous 
forest, mixed conifer 

Potential to occur in Project 
Boundary 

Mountain lady’s-slipper 
Cypripedium montanum 

FSS-T 
CNPS 4 

 
Mar-Aug 600-7500 

Broad-leafed upland forest, 
cismontane woodland, lower 
montane coniferous forest, 
North Coast coniferous forest, 
mixed conifer 

Potential to occur in the Project 
Boundary 

Northern yellow lady’s-
slipper  
Cypripedium parviflorum 
var. makasin 

CNPS 3 May-Aug Below 4,900 
Bogs and fens, meadows and 
seeps 

Present in Project Vicinity, 
including the Strawberry Valley 
quadrangle 

California pitcher plant 
Darlingtonia californica 

FW-T 
FW-P 

CNPS 4 
Apr-Jul Below 8,500 

Bogs and fens, meadows and 
seeps, generally serpentinite 
seeps 

Present in the Project Vicinity, 
including the Goodyear’s Bar, 
quadrangle 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

English sundew       
Drosera anglica 

FW-T 
CNPS 2 

Jun-Sep 4,250-6,650 
Bogs and fens, meadows and 
seeps 

Potential to occur in the Project 
Boundary 

Round-leaved sundew 
Drosera rotundifolia 

FW-T 
FW-P 

Jun-Sep Below 6,650 
Bogs and fens, meadows and 
seeps 

Potential to occur in the Project 
Boundary 

Norris’ beard moss 
Didymodon norrisii 

FW-P 
CNPS 2 

--- 1,950-6,400 
Cismontane woodland, lower 
montane coniferous forest 

Potential to occur in Project 
Boundary 

Dwarf downingia 
Downingia pusilla 

CNPS 2 Mar-May Below1,400 
Valley and foothill grassland, 
vernal pools 

Potential to occur in Project 
Boundary 

Clifton’s eremogone 
Eremogone cliftonii 

FW-P 
CNPS 1B 

Apr-Sep 1,500-5,800 

Chaparral, lower and upper 
montane coniferous 
forest/openings, usually 
granitic 

Present in the Project Vicinity, 
including Cascade and Brush Creek 
quadrangles 

Northern Sierra daisy 
Erigeron petrophilus var. 
sierrensis 

FW-T 
CNPS 4 

Jun-Oct 900-5700 

Cismontane woodland, lower 
montane coniferous forest, 
upper montane coniferous 
forest, rocky soils 

Potential to occur in the Project 
Boundary; present in the TNF 

Ahart’s sulfur flower 
Eriogonum umbellatum var. 
ahartii 

FSS-P 
CNPS 1B 

Jun-Sep 1,300-3,300 Serpentine soils 
Present in the Project Vicinity, 
including Challenge, Cascade, and 
Clipper Mills quadrangles 

Minute pocket moss 
Fissidens pauperculus 

FSS-P 
CNPS 1B 

--- Below 3,600 Not well known 
Present in the Project Vicinity, 
including Cascade, Brush Creek, 
and Forbestown quadrangles 

Pursh’s buckthorn   
Frangula purshiana ssp. 
ultramafica 

FSS-P 
CNPS 1B 

May-Jul 2,700-6,350 

Chaparral, lower montane 
coniferous forest, meadows 
and seeps, upper montane 
coniferous forest, serpentine 
soils 

Potential to occur in Project 
Boundary 

Butte County fritillary 
Fritillaria eastwoodiae 

FSS-T 
FSS-P 

CNPS 3 
Mar-Jun 150-4,900 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, sometimes 
serpentine 

Present in Project Vicinity, 
including Challenge, French Corral, 
Clipper Mills, North Bloomfield, 
Washington, Rackerby, Cascade, 
Brush Creek,  Forbestown, and 
Nevada City quadrangles 

Ahart’s dwarf rush  
Juncus leiospermus var. 
ahartii 

CNPS 1B Mar-May 100-750 Valley and foothill grassland 
Present in Project Vicinity, 
including the Loma Rica quadrangle 

Dubious pea  
Lathyrus sulphureus var. 
argillaceus 

CNPS 3 Apr-May 500-1,000 
Cismontane woodland, upper 
and lower montane coniferous 
forest 

Present in the Project Vicinity, 
including Rough and Ready and  
Wolf quadrangles 

Legenere  
Legenere limosa 

CNPS 1B Apr-Jun Below 2,900 Vernal pools 
Potential to occur in Project 
Boundary 

Cantelow’s lewisia 
Lewisia cantelovii 

FSS-P 
FSS-T 

CNPS 1B 
May-Oct 1,000-4,500 

Broadleaf upland forest, 
chaparral, cismontane 
woodland, lower montane 
coniferous forest/mesic, 
granitic, sometimes serpentine 
seeps 

Present in the Project Vicinity 
including Pike, French Corral,  
Strawberry Valley, Alleghany, 
North Bloomfield, Washington, 
Goodyears Bar, Downieville, and 
Brush Creek quadrangles 

Humboldt lily 
Lilium humboldtii ssp. 
humboldtii 

FW-T 
FW-P 

CNPS 4 
May-Jul 1500-3500 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, openings 

Present in the Project Vicinity, 
including the Washington 
quadrangle 

Quincy lupine  
Lupinus dalesiae 

FSS-T 
FSS-P 

CNPS 4 
May-Aug 2,800-8000 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, upper 
montane coniferous forest 

Present in the Project Vicinity, 
including La Port and Goodyears 
Bar quadrangles 

Bog club-moss 
Lycopodiella inundata 

CNPS 2 Jun-Sept Below 3,300 
Bogs and fens, lower montane 
coniferous forest, marshes and 
swamps 

Present in the Project Vicinity, 
including the North Bloomfield 
quadrangle 

Elongate copper moss 
Mielichhoferia elongata 

FSS-T 
CNPS 2 

--- 1,600-4,300 

Vernally wet rock in 
cismontane woodland, 
metamorphic rock, usually 
vernally mesic 

Present in the Project Vicinity, 
including Washington and Nevada 
City quadrangles 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Shieldbract monkeyflower 
Mimulus glaucescens 

FW-P 
CNPS 4 

Feb-Aug 200-4,100 

Chaparral, cismontane 
woodland, lower montane 
coniferous forest, valley and 
foothill grassland and 
serpentine seeps, sometimes 
streambanks 

Potential to occur in Project 
Boundary 

Cut-leaved monkey flower 
Mimulus lacinatus 

CNPS 4 Apr-Jun 1500-9000 

Chaparral, lower montane 
coniferous forest, upper 
montane coniferous forest, 
seeps in granite 

Potential to occur in Project 
Boundary 

Follett’s monardella 
Monardella follettii 

FSS-T 
FSS-P 

CNPS 1B 
Jun-Sep 1,900-6,600 

Lower montane coniferous 
forest, rocky, serpentine 

Present in the Project Vicinity, 
including the Grass Valley 
quadrangle 

Aquatic lichen  
Peltigera hydrothyrea 
[Hydrothyria venosa] 

FSS-T 
FSS-P 

--- 1,150-7,000 

Stones, boulders, and 
occasionally wood along 
streams and rivers, submerged 
at least part of the year 

Potential to occur in Project 
Boundary; known to occur within 3 
miles of the project area at about 
3,400 feet. 

Bacigalupi’s yampah 
Perideridia bacigalupi 

FW-P 
CNPS 4 

Jun-Aug 1700-3500 
Chaparral, lower montane 
coniferous forest, serpentine 

Potential to occur in Project 
Boundary; present in the TNF 

Stebbins Phacelia  
Phacelia stebbinsii 

FSS-T 
CNPS 1B 

May-Jul 2,000-6,600 
Cismontane woodland; lower 
montane coniferous forest; 
meadows and seeps  

Potential to occur in Project 
Boundary 

Olive phaeollybia 
Phaeocollybia olivacea 

FSS-T 
FSS-P 

Fall 
fruiting 

Unknown Older forest habitats 
Present in the Project Boundary, 
Camptonville quadrangle. 

Cedar Crest popcorn flower 
Plagiobothrys glyptocarpus 
var. modestus 

CNPS 3 Apr-Jun 150-2,850 
Cismontane woodland, valley 
and foothill grassland 

Present in the Project Vicinity, 
including Oregon House and Grass 
Valley quadrangles 

Green- flowered 
wintergreen 
Pyrola chlorantha 

CNPS 1A Jun-Jul ±2,950 
Lower montane coniferous 
forest 

Present in the Project Vicinity, 
including the Downieville 
quadrangle 

White beaked-rush 
Rhynchospora alba 

FW-T 
CNPS 2 

Jul-Aug 200-6700 
Meadows and seeps, marshes 
and swamps, wet places 

Potential to occur in Project 
Boundary; present in the TNF 

Brownish beaked-rush 
Rhynchospora capitellata 

FW-P 
CNPS 2 

Jul-Aug 1,500-6,600 

Upper and lower montane 
coniferous forest, meadows 
and seeps, marshes and 
swamps 

Present in Project Vicinity, 
including Pike, Clipper Mills, Grass 
Valley, North Bloomfield, Cascade, 
Brush Creek, and Nevada City 
quadrangles 

Tracy’s blacksnakeroot 
Sanicula tracyi 

CNPS 4 Apr-Jun 300-5,200 

Cismontane woodland, lower 
montane coniferous forest, 
openings in upper montane 
coniferous forest 

Present in Project Vicinity, 
including the Clipper Mills 
quadrangle 

Swaying bulrush  
Schoenoplectus 
subterminalis [Scirpus 
subterminalis] 

FW-P 
CNPS 2 

Jun-Aug 2,450-7,400 
Bogs and fens, marshes and 
swamps, montane lake 
margins 

Potential to occur in Project 
Boundary 

Marsh skullcap  
Scutellaria galericulata 

CNPS 2 Jun-Sep Below 6,900 
Lower montane coniferous 
forest, meadows and seeps, 
marshes and swamps  

Potential to occur in Project 
Boundary 

Feather River stonecrop 
Sedum albomarginatum 

FSS-P 
CNPS 1B 

May-Jun 850-6,400 
Chaparral, lower montane 
coniferous forest and 
serpentine soils 

Potential to occur in Project 
Boundary 

Lewis’ groundsel  
Senecio eurycephalus var. 
lewisrosei 

FSS-P 
CNPS 1B 

Mar-Sep 900-6,200 
Chaparral, cismontane 
woodland, lower montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Peat moss 
Sphagnum spp. 

FW-T --- --- Fens, peatlands, and wet areas 
Potential to occur in Project 
Boundary 

Long-fruit jewelflower  
Streptanthus longisiliquus 

FW-P 
CNPS 4 

Apr-Sep 2,300-4,900 
Openings in cismontane 
woodland lower montane 
coniferous forest 

Potential to occur in Project 
Boundary 

Slender-leaved pondweed 
Stuckenia filiformis 
[Potamogeton filiformis] 

FW-T 
CNPS 2 

May-Jul 950-7,050 
Marshes and swamps, lakes 
and ponds 

Potential to occur in Project 
Boundary 
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Table 4.1-1.  (continued) 
Common Name/  
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Cylindrical trichodon 
Trichodon cylindricus 

FW-P 
CNPS 2 

--- 150-6,600 

Broadleaf upland forest, 
meadows and seeps, upper 
montane coniferous 
forest/sandy, exposed soil, 
roadbanks 

Present in the Project Vicinity, 
including the La Porte quadrangle 

Lesser bladderwort 
Utricularia minor 

FW-T 
CNPS 4 

Jul 2,600-2,900 
Bogs and fens, marshes, 
swamps and calcium-rich 
water 

Potential to occur in the Project 
Boundary 

 Sources: United States Department of Agriculture, Forest Service 2010 b,c,d. 
1  Special-status:  
  SR:  state-listed rare 
 SC: state candidate for listing 
 FPE: federally proposed endangered 
 FPT: federally proposed threatened 
  CNPS: California Native Plant Society listed species 
  1A: Species presumed extinct in California 
  1B: Species considered rare or endangered in California and elsewhere (no legal protection) 
  2: Species considered rare or endangered in California but more common elsewhere (no legal protection) 
  3: More information needed about this species 
  4: Limited distribution; watch list 
 FSS: United States Forest Service Sensitive Species (FSS-P: Plumas National Forest; FSS-T: Tahoe National Forest) (USDA-FS 2010b,c) 
 FW: United States Forest Service Watchlist Species (FW-P: Plumas National Forest; FW-T: Tahoe National Forest) (USDA-FS 2010b,d) 
2  Occurrence in Project Vicinity results based on a CNPS quadrangle search.  

 
 
None of the available CNDDB reports are from surveys within the existing FERC Project 
Boundary.3 
 
Additional information is needed to address the study goal is the specific location of special-
status plants in relation to Project facilities, normal Project O&M activities, Project recreation, 
and any other Project-related activities that might affect special-status plants. 
 
4.2 Incidental Observations 
 
4.2.1 Noxious Weeds 
 
Documentation of existing occurrences of noxious weeds in the Project Area was not available.  
Potential noxious weed occurrences are listed in Table 4.2-1 (USDA-NRCS 2009, Cal-IPC 
2006).  A total of 36 noxious weeds have the potential to occur within the Project Vicinity.   
 
Table 4.2.1-1.  Noxious weeds and other invasive species of concern to the Forest Service potentially 
occurring in the Project Vicinity.  

Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Russian knapweed 
Acroptilon repens [Centaurea 
repens] 

B May-Sept Below 6,200 
Fields, roadsides, cultivated ground, disturbed 
areas 

Barb goatgrass 
Aegilops triuncialis 

B May-Aug Below 3,300 Disturbed sites, cultivated fields, roadsides 

Tree-of-heaven 
Ailanthus altissima 

C May-Jul Below 6,100 
Disturbed areas, roadsides, and urban waste 
areas  

                                                 
3  The existing FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license.  
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Table 4.2.1-1.  (continued) 
Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Giant reed 
Arundo donax 

B Mar-Nov Below 1,700 Riparian areas, floodplains, and ditches 

Cheatgrass 
Bromus tectorum 

Not rated May-June Below 6,000 
Fields, roadsides, cultivated ground, disturbed 
areas 

Plumeless thistle 
Carduus acanthoides 

A May-Aug Below 4,300 Roadsides, pastures, waste areas 

Musk thistle 
Carduus nutans 

A Jun-Jul 330-4,000 Roadsides, pastures, waste areas 

Italian thistle 
Carduus pycnocephalus 

C May-Jul Below 3,300 Roadsides, pastures, waste areas 

Woolly distaff thistle 
Carthamus lanatus 

B July-Aug Below 3,600 Disturbed sites 

Purple starthistle 
Centaurea calcitrapa 

B Jul-Oct Below 3,300 Disturbed areas 

Diffuse knapweed 
Centaurea diffusa 

A Jun-Sep Below 7,600 Fields, roadsides 

Spotted knapweed 
Centaurea maculosa 

A July-Aug Below 8,500 
Open disturbed sites, grasslands, forested 
areas, roadsides 

Maltese starthistle 
Centaurea melitensis 

C Apr-July Below 7,200 
Open disturbed sites, grasslands, roadsides, 
waste places 

Yellow starthistle 
Centaurea solstitialis 

C Jun-Dec Below 4,300 
Pastures, roadsides, disturbed grassland or 
woodland 

Rush skeletonweed 
Chondrilla juncea 

A May-Dec Below 2,000 Disturbed areas 

Canada thistle 
Cirisum arvense 

B Jun-Sep Below 5,900 Disturbed areas 

Bermudagrass 
Cynodon dactylon 

C Jun-Aug Below 3,000 Disturbed areas 

Scotch broom 
Cytisus scoparius 

C Mar-Jun Below 3,300 Disturbed areas 

Oblong spurge 
Euphorbia oblongata 

B Apr-Aug Below 3,300 Waste areas, disturbed sites, roadsides, fields 

Japanese knotweed 
Fallopia japonica 

B Aug-Oct Below 3,300 Disturbed areas 

Sakhalin knotweed, giant 
knotweed 
Fallopia sachalinensis 

B Jul-Oct Below 1,650 Disturbed areas 

French broom 
Genista monspessulana 

C Mar-May Below 1,600 Disturbed areas 

English Ivy 
Hedera helix 

Not rated Autumn Below 3,300 
Disturbed forests, woodlands, and riparian 
areas 

Hydrilla 
Hydrilla verticillata 

A Jun-Aug Below 650 Ditches, canals, ponds, reservoirs, lakes 

Dyer’s woad 
Isatis tinctoria 

B Apr-Jun Below 3,300 Roadsides, fields, disturbed sites 

Lens-podded white-top  
Lepidium draba ssp. chalepense 

B Apr-Aug Below 5,000 Disturbed, generally saline soils, fields 

Perennial pepperweed, tall white-
top 
Lepidium latifolium 

B Apr-Aug Below 6,300 Beaches, tidal shores, saline soils, roadsides 

Dalmation toadflax 
Linaria genistifolia ssp. dalmatica 

A May-Sep Below 3,300 Disturbed places, pastures, fields 

Purple loosestrife 
Lythrum salicaria 

B Jun-Sep Below 5,300 Seasonal wetlands, ditches, cultivated fields 

Eurasian water milfoil 
Myriophyllum spicatum 

C July-Sep Below 6,300 Fresh to brackish water, slow-moving streams 

Scotch thistle 
Onopordum acanthium 

A Jul-Sep Below 5,300 Disturbed areas 

Himalayan blackberry 
Rubus discolor 

Not rated May-Sep Below 5,300 
Disturbed moist sites, fields, roadsides, 
riparian areas 

Spanishbroom 
Spartium junceum 

Not rated Mar-Jun Below 2,000 
Open disturbed sites, grasslands, oak 
woodlands, riparian corridors, open forests 

Medusahead 
Taeniatherum caput-medusae 

C Apr-Jul Below 6,900 
Disturbed sites, grassland, openings in oak 
woodlands and chaparral 
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Table 4.2.1-1.  (continued) 
Common Name/ 
Scientific Name 

CDFA 
Status1 

Flowering 
Period 

Elevation (ft) Habitat 

Gorse 
Ulex europaeus 

B Nov-Jul Below 1,300 Disturbed areas 

Sources: CDFA 2009; United States Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS) 2009; California 
Invasive Plant Council (Cal-IPC) 2006; DiTamaso 2007; USDA Forest Service 2010 a,e. 
1  CDFA Status:  

A = Eradication, containment, rejection, or other holding action at the state-county level.  Quarantine interceptions to be rejected or treated 
at any point in the state. 
B = Eradication, containment, control, or other holding action at the discretion of the commissioner.  State endorsed holding action and 
eradication only when found in a nursery. 
C = Action to retard spread outside of nurseries at the discretion of the commissioner; reject only when found in a crop seed for planting or 
at the discretion of the commissioner (CDFA 2009). 

 
 
4.2.2 Tahoe and Plumas National Forests’ Watchlist Plant Communities 
 
LicenseeYCWA will also record incidental observations of Tahoe and Plumas National Forests’ 
Watchlist plant communities including peatlands, fens, seeps, and springs will also be recorded; 
occurrence information will be included in LicenseeYCWA’s Wetlands Study 6.3.   
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs) as well as Project 
recreation areas.  The study area will also include a buffer of 100 feet extending upslope from the 
high-water mark of the Project reservoirs and from the FERC Project Boundary around Project 
recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
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Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with YCWA’s Licensee’s Pproject operations staff; and 5) prepare report.  Each step is 
described below. 
 
 
 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
LicenseeYCWA will identify and map known occurrences of special-status plants within the 
study area, and prepare field maps for use by survey teams.  The maps will include aerial 
imagery, Project features, and known special-status plant occurrences.  Survey timing will be 
planned based on herbarium collection dates. 
 
 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
LicenseeYCWA’s surveyors will conduct special-status plant surveys as outlined in the 
“Botanical Survey” section of the California Department of Fish and Game’s (CDFG) Protocols 
for Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural 
Communities (CDFG 2009)5.  Surveys will be comprehensive over the entire study area using 
systematic field techniques to ensure thorough coverage, with additional efforts focused in 
habitats with a higher probability of supporting special-status plants (e.g., serpentine outcrops).  
Surveys will be floristic in nature, documenting all species observed; taxonomy and 
nomenclature will be based on The Jepson Manual (Hickman 1993).   
 
When special-status plants are documented within the study area, the following information will 
be collected: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed) 

 Estimated area (approximate length and width) covered by the special-status plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acre, surveyors will delineate the occurrence boundary using 
a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, the location of the approximate center of the occurrence will be taken as 
point data using a handheld GPS unit 

 Dominant and subdominant vegetation in the area 

 Estimated distance to nearest Project facility, feature, or Project-related activity 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses) 

 Estimated phenology and descriptions of reproductive state. 
 
Surveys for fungi listed as Forest Sensitive will not be conducted due to unpredictable seasonal 
and annual variations in fruiting timing, although any incidental findings of the fungi on NFS 
                                                 
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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land will be recorded and mapped.  In particular, LicenseeYCWA will include in its analysis and 
maps locations of olive phaeocollybia on NFS land in Dark Day Campground if the GPS 
locations of the occurrences are provided by the Forest Service.  Special surveys, including 
verification of the locations as provided by the Forest Service will not be conducted as part of the 
study. 
 
LicenseeYCWA’s noxious weed field surveys will be conducted in conjunction with special-
status plants surveys when feasible, but are expected to require revisits to account for differences 
in plant phenology.  For the purpose of the study, noxious weeds are defined as those plant 
species listed as “A,” “B” or “C” by the California Department of Food and Agriculture (CDFA).  
Other invasive species to be recorded include species of concern to TNF and PNF that are not 
rated by the CDFA.  Weed data collection and reporting will be consistent with Section 2083 of 
the Forest Service Manual, Information and Reporting Guideline for Noxious Weeds (USDA 
Forest Service 1995).  Two forms of noxious weed data will be collected and maintained, 
depending on the type and distribution of weeds located during survey efforts: 
 
 Quantitative data: for discrete occurrences of weeds, data collected will include species, 

GPS-derived location, nearby sources of dispersal (e.g., roads), surrounding vegetation 
composition, and any nearby resource concerns (e.g., special-status plant occurrences), and 
an estimate of area covered.  If a noxious weed population is identified on the perimeter of 
the FERC Project Boundary the extent of the population extending beyond the boundary will 
be estimated. Levels of infestation will be reported by weed cover within the following 
classes: Low (<5% cover), Moderate (6-25% cover), and High (>25% cover).   

 Qualitative data: for widespread weeds, or for those weeds for which detailed mapping is 
unlikely to remain accurate (e.g., annual grasses, which change distributions yearly), the 
LicenseeYCWA will describe general distribution and extent within the study area. 

 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, LicenseeYCWA will develop GIS maps depicting special-status plant 
and incidental occurrences of noxious weeds, and Forest Service Sensitive Fungi, Project 
facilities, features, and specific Project-related impacts (e.g., dispersed use camping) and other 
related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of mapped occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of occurrences in the study area are defined, Project operations staff will be 
consulted to identify Project O&M and Project-related activities that typically occur in the area 
of the special-status plant populations and incidental occurrences that have a potential to 
adversely affect the special-status species populations. 
 
5.3.5 Step 5 – Prepare Report 
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LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  Study results will be displayed in GIS maps that show 
each special-status plant population location in respect to project facilities and features.  The GIS 
layer of all mapped occurrences will be made available to the appropriate land management 
agencies.  In addition, LicenseeYCWA will develop a GIS layer for of all mapped occurrences 
and make this available to the appropriate land management agencies.   
 
For all special-status plant observations, LicenseeYCWA will complete the appropriate CNDDB 
form and transmit the form to the CNDDB.  For any special-status plant observations on NFS 
land, LicenseeYCWA will provide a copy of the CNDDB forms or spreadsheets to the Forest 
Service at the same time as it is submitted to CNDDB. 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ........................................................................ October June 2011- February 2012 
Collect Data (Step 2) ............................................................................. October 2011- August 2012 
QA/QC Review (Step 3) ............................................................................................... August 2012 
Operations Staff Consultation (Step 4)  ........................................................................ August 2012 
Study Report Preparation (Step 5) ............................................................. August- September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $370,000 
and $500,000. 
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Study 6.11 

RIPARIAN HABITAT 
UPSTREAM OF ENGLEBRIGHT RESERVOIR 

AprilAugust 2011 

 
1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have the potential to affect 
riparian habitat.   
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that twofour agencies have jurisdiction over riparian habitat and the resources 
that could be potentially affected in the geographic area covered in this study proposal: special-
status plants: 1) the United States Department of Agriculture, Forest Service (Forest Service) on 
National Forest System (NFS) land; 2) United States Department of Interior, Fish and Wildlife 
Service (USFWS); 3); and 2) California Department of Fish and Game (CDFG); and 4) State 
Water Resources Control Board Division of Water Rights (SWRCB).  Each of these agencies 
and their jurisdiction, as understood by YCWA at this time, is discussed below. 
 
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable service provided to Licensee a description of 
their management goals are with respect to this study, but the CDFG and BLM did not.  
However, Licensee has described by , to the best of its knowledge and understanding the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
CDFG 

                                                 
1  After consultation with Relicensing Participants, YCWA, at its own risk, agreed to begin this study in 2011 prior to FERC’s 

Study Determination.  If FERC includes this study in its Determination, YCWA will consider the study ahead of schedule.  
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CDFG’s jurisdiction is described by of the CDFG on page 1 of CDFG’s March 2, 2011 letterand 
BLM with respect to FERC providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as 
described on page 2 of CDFG’s letter is to preserve, protect, and as needed, to restore habitat 
necessary to support native fish, wildlife and plant species.special-status plants, which are 
provided below: 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 
The Forest Service’s management goals for special-status plants on National Forest System 
(NFS) land are identified in the National Forest Management Act (NFMA, public Law 94-588 
1976) and the Tahoe National Forest (TNF) Land and Resource Management Plan (TNF LRMP) 
(USDA Forest Service 1990), as amended by the Sierra Nevada Forest Plan Amendment (USDA 
Forest Service 2001) and the Supplemental Sierra Nevada Forest Plan Amendment (USDA 
Forest Service 2004): 
 
 Plant Community Diversity/Special Habitats/Connectivity:  Manage riparian plant 

communities to maintain and improve the species composition and structural diversity.  
Manage riparian plant communities to maintain and/or improve spatial and temporal 
connectivity for native riparian plant species within and between watersheds to provide 
physically, chemically and biologically unobstructed movement for their survival, migration 
and reproduction.  

 Streamflow Patterns/Sediment Regimes/Stream and Shoreline Riparian Vegetation:  Manage 
stream flows to maintain and /or improve in-stream flows so they are sufficient to sustain 
desired conditions of riparian plant communities.  Manage streambanks and shorelines to 
minimize erosion and sustain desired riparian habitats.  

 
CDFG 
 
The CDFG is the relevant state fish and wildlife agency for consultation and Federal Power Act 
(FPA) Section 10(j) (16 U.S.C. § 803(j)) purposes.  In the state of California, fish and wildlife 
resources are held in trust for the people of the state by and through the CDFG (Cal,. Fish and 
Game Code § 711.7). “Species of Special Concern” do not have formal legal status, but are 
intended to focus attention on species at conservation risk. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to assess the condition of riparian habitats within river reaches upstream 
of the United States Army Corps of Engineer’s (USACE) Englebright Reservoir potentially 
affected by continued Project O&M. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AprilAugust 2011 Revised Study PlanProposal Riparian Habitat Above Englebright 
 ©2011, Yuba County Water Agency Page 3 of 12 

 
The objective of this study is to gather the data and information necessary to meet the study 
goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Pre-Application Document contained information about the riparian vegetation 
mapped in the area of the Project, including CalVeg maps and National Wetland Inventory 
(NWI) maps on a 1:24,000 scale, shown with United States Geological Survey (USGS) 
topographic features and Project facilities.  Section 7.6 of the Pre-Application Document 
includes a table of NWI palustrine and riverine wetland types and acres within the Project Area2 
and the Federal Energy Regulatory Commission (FERC) Project Boundary.3 
 
Based on NWI maps (1987), there are approximately 40,417 feet and 125 acres of riverine 
wetlands within the Project Area, with approximately 8,044 feet and 54 acres within the FERC 
Project Boundary.  Remaining NWI classified wetland habitats in the Project Area include 
approximately 63,926 feet and 13 acres of palustrine wetlands and approximately 4,635 acres of 
reservoir open water. 
 
NWI riparian wetlands have been classified using aerial imagery but no ground-mapping data is 
known to exist to support this inventory.  In addition, no known site-specific assessments of 
riparian habitats or habitat condition within the FERC Project Boundary are known to exist. To 
achieve the study goals, additional information is needed. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes: 1) the Middle Yuba River from Our House Diversion Dam 
Impoundment to the confluence with the North Yuba River, 2) Oregon Creek from the Log 
Cabin Diversion Dam Impoundment to the confluence with the Middle Yuba River, 3) the North 
Yuba River from New Bullards Bar Dam Reservoir to the confluence with the Middle Yuba 
River, and 4) and the portion of the Yuba River from the confluence of the North and Middle 
Yuba rivers to just upstream of the USACE Englebright Reservoir. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 

                                                 
2  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between Project facilities and downstream to the 
next major water controlling feature or structure.  

3  The FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is shown on 
Exhibits J, K, and G of the current license. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software.  The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g., Quat)-128 [didecyl dimethyl 
ammonium chloride], scrub brush, etc.) for decontaminating their boots, waders, and other 
equipment between study sites.  Major concerns are amphibian chytrid fungus, 
(Batrachochytrium dendrobatidis), and invasive invertebrates (e.g., zebra musselmussels, 
Dreissena polymorpha).  This is of primary importance when moving: 1) between tributaries 
and mainstem reaches; 2) moving between basins (e.g., Middle Yuba River, Yuba River, and 
North Yuba River); and 3) moving between isolated wetlands or ponds and river or stream 
environments. 

 
5.3 Methods 
 
The study includes five steps: 1) site selection; 2) gather data and prepare for field effort; 3) 
conduct field surveys; 4) prepare data and quality assure/quality control (QA/QC) data; and 5) 
prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Site Selection 
 
YCWA will co-locate study sites to the extent possible with YCWA’s Study 1.1 Morphology 
Upstream of Englebright Reservoir Study sites.  Six study sites have currently been proposed.  
At five of the six sites, three riparian vegetation transects will be performed along transects co-
located with the Channel Morphology Study; at the site above Our House Dam on the Middle 
Yuba River, one riparian vegetation transect will be performed, co-located with the Channel 
Morphology Study.  A total of sixteen vegetation transects will be performed.   
 
Channel Morphology study sites are selected within a reach to represent the range of channel and 
habitat types in the reach (Bovee 1982).  The characteristic feature of a study reach is 
homogeneity of the channel structure and flow regime.  The sites chosen will represent those 
sites most likely to exhibit effects of project features and operations on channel morphology and 
habitat features. 
 
Based on historic and habitat mapping information, in the Middle and North Yuba rivers and in 
the Yuba River upstream of USACE’s Englebright Reservoir, channel characteristics are 
primarily controlled by bedrock and boulders, rather than fluvial processes.  In other words, 
these channels are not usually “self-formed” and boulders and bedrock control lateral and 
vertical stability.  Bedrock channels are generally insensitive to short-term changes in sediment 
supply or discharge.  Only a persistent decrease in discharge and/or an increase in sediment 
supply sufficient to convert the channel to an alluvial morphology would significantly alter 
bedrock channels (Montgomery and Buffington 1993).  However, there may be localized 
changes to morphology and substrate distribution that may affect ecology. 
 
Characteristics of the areas where Channel Morphology sites will be placed are gradients less 
than 2 percent, accumulations of gravel and finer material in channel and on margins, and 
floodplain and/or terrace development.  Based on habitat mapping information, the study will 
include five study sites to be located within each reach (Table 5.3-1). 
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Table 5.3-1.  Potential location and character of riparian habitat study sites to be co-located with 
YCWA’s ,Channel Morphology Upstream of Englebright Reservoir Study (Study 1.1). 

Stream Potential Location Character 

Middle Yuba 
River 

Below Oregon Creek in the vicinity 
of Freemans Crossing (RM 3.5 -4.5) 

Moderately and unconfined channel, ~1% gradient, alluvial and depositional. 

Above Oregon Creek (RM 4.5 – 5.5) 
Steeper (>1% gradient), confined, more transport-dominated than near Freemans’s 
Crossing, though some lateral cobble/gravel bar development. 

 Above Our-House Dam  Low gradient (1.7% map gradient), depositional. 

Oregon Creek Celestial Valley (RM 1.5 – 2.5) 
Confined 1.6% gradient, planar bedform, gravel-sized material in channel and on 
margins. 

North Yuba 
River 

Below New Bullards Bar Dam 

Reach has very little accessibility due to vertical cliffs, and dominance of bedrock 
and boulders within channel.  Large, immobile substrate, lateral and vertical 
controls by bedrock limits responsiveness to changes in inputs of sediment and to 
changes in hydrology. 

Yuba River Below New Colgate Powerhouse 
Confined, less than 1%, cobble and boulder-dominated bed with very deep pools 
immediately below the Powerhouse, but increasing alluvial deposition as move 
downstream. 

 
 
5.3.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, and aerial photography relevant to riparian vegetation will be collected and 
reviewed where available for river reaches.  These sources are expected to provide 
documentation on geology, topography, soils, riparian vegetation coverage and type, invasive 
species, and land-use (i.e., mining, timber management, recreation, road development, fires, 
grazing, and water diversions).  Information regarding riparian vegetation and physical processes 
on western slope Sierra Nevada streams or other pertinent riparian literature from other 
geographic regions will also be reviewed.  Pertinent information will be used for comparison and 
interpretive purposes when evaluating the streams and rivers in the study area.  
 
5.3.3 Step 3 – Condition Assessment 
 
Surveyors will collect quantitative data along vegetation transects. Vegetation transects will 
extend from the water’s edge at low flow, to hill slope (including bars if present); at the Oregon 
Creek study site, where the channel is unconfined, the vegetation transect will end at calculated 
floodprone width.  For the purpose of the study, riparian vegetation is defined as wetland 
indicator species as identified by the National List of Plant Species that Occur in Wetlands:  
California (Region 0), (Reed 1988). 
 
Information collected along each transect will include two types of plots:  1) herbaceous 
vegetation (1 meter square plots), and 2) woody vegetation (trees and shrubs) (5 by 2 meter 
plots).  Plots will be nested, with herbaceous and other cover plots occurring within the woody 
vegetation plots.  More than one herbaceous and other cover plot may be located within a woody 
plot.  Both the woody and herbaceous cover plots will be located perpendicular to transects 
located on the downstream side. 
 
At a minimum, each transect will have at least two nested plots:  one woody plot on each side of 
the stream at the start of vegetation, and within each woody plot, two herbaceous plots located 
side by side.  Additional fluvial features (i.e. floodplains and terraces) that are at least 2 meters 
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wide and are intersected by a vegetative transect will have a minimum of one nested plot.  The 
following information will be collected in the plots: 
 
Herbaceous vegetation: 

 Dominant species cover in percent 

 Total canopy cover  

 Layer canopy cover (generally stratified by herbaceous and other, shrub, and tree layers) 

 List all species present in each plot and provide an indication of whether they are native 
and/or special-status  

 Other cover data (i.e., large woody debrismaterial or boulders) 
 

Woody vegetation: 

 Canopy coverage class in percent 

 Stem count per individual or species class 

 Tree diameter in DBH 

 Dominant species relative decadence in percent 

 Dominant species coverage in percent 

 List all tree and shrub species present and provide an indication of whether they are 
native and/or special-status5 

 Other cover data (i.e. large woody debrismaterial or boulders) 
 

Large Woody Material 
 
At one randomly selected study site and at a study site on Oregon Creek, large woody material 
(LWM) occurring within study site will be counted as follows:  all LWM greater than 3 ft in 
length within the active channel within four diameter classes (4-12 inches, 12-24 inches, 24-36 
inches, and greater than 36 inches) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater 
than 75 ft).  More detailed measurements will be taken for key pieces located within riparian 
habitat study sites.   
 
Key pieces of LWM are defined as pieces either longer than 1/2 times the bankfull width, or of 
sufficient size and/or are deposited in a manner that alters channel morphology and aquatic 
habitat (e.g., trapping sediment or altering flow patterns).  Key piece characteristics to be 
recorded will include: 
 
 piece location, either mapped onto aerial photos or documented with GPS 
 piece length 
 piece diameter 
 piece orientation 
 position relative to the channel 

                                                 
5  For all special-status species observations, YCWA will complete the appropriate CNDDB form and transmit the form to the 

CNDDB.  YCWA will provide a copy of the CNDDB form to the Forest Service if the observation occurs on NFS land. 
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 whether the piece has a rootwad 
 tree species or type (e.g., conifer or hardwood) 
 whether the piece is associated with a jam or not 
 the number of large pieces in the jam 
 recruitment mechanism 
 function in the channel 
 
Information at the Oregon Creek Study Site below Log Cabin Dam and at one location upstream 
of Log Cabin Dam will include a LWM assessment of a distance of at least 20 times the bankfull 
width will be done on a section of Oregon Creek above Log Cabin Dam and these values will be 
compared to the LWM assessment within Oregon Creek.   
 
General riparian site information to be collected includes: 
 
 Channel and bank substrate along transects 

 Evidence of channel encroachment or bank instability (including any excessive erosion or 
deposition) 

 The presence of large woody debris within the riparian corridor 

 Evidence of recreational and other land use activities 

 Evidence of unusual stress or mortality on riparian plant community 

 Evidence of riparian vegetative connectivity (or lack of) 

 Hydrologic connectivity (or lack of) 

 Biotic structure, including vertical and horizontal complexity 
 
 Additional information: 

In addition, YCWA will collect: 

 

 Herbarium specimen for all bryophyte species encountered in the plots (or otherwise 
observed at the site) and submit the specimen to the Forest Service.   

 Establish photo points at each site.   

 Add the presence of riparian vegetation to cross-sectional profiles to indicate where the 
vegetation occurs relative to bankfull and flood prone widths.   

 Provide rooting depth (as indicated by available literature search - no site-specific 
measurements) of the dominant riparian species present in a tech memo.   

 Historical photograph analysis of riparian study sites. 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting existing riparian habitat and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland and riparian sites found.  YCWA will also produce a map for each 
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study site that shows the extent of riparian vegetation as depicted on historic aerial photos 
compared to riparian vegetation extent depicted on recent aerial photos.    
 
5.3.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include field data to support riparian condition assessment 
and riparian habitat maps.  
 

6.0 Study-Specific Consultation 
 
The study includes one study-specific consultation: 
 
 YCWA will consult with interested and available Relicensing Participants regarding the 

number and location of the riparian habitat assessment sites (Step 1).  

 
7.0 Schedule  
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) ........................................................ FebruarySeptember 2011 - March 2012 
Collect and Review Existing Data and Information (Step 2) ............................... April - May 2012 
Condition Assessment (Step 3) ............................................................................... June - July 2012 
Prepare and QA/QC Data (Step 4)  .................................................................................... July 2012 
Study Report Preparation (Step 5) ....................................................August 2012- September 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study provides an assessment of existing riparian vegetation andvegetation and is consistent 
with the goals, objectives, and methods outlined for most recent FERC hydroelectric relicensing 
efforts in California.  The proposed methodologies use standard assessment methods developed 
and used by federal land management agency personnel.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this study in 2011 dollars is between $210211,000 and 
$285,000. 
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Study 6.2 

RIPARIAN HABITAT 
DOWNSTREAM OF ENGLEBRIGHT DAM1  

AprilAugust 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
riparian habitat downstream of Englebright Dam.2 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes that four agencies have jurisdiction over riparian habitat potentially affected in 
the geographic area included in this study proposal: 1) United States Department of Interior, Fish 
and Wildlife Service (USFWS); 2) United States Department of Commerce, National Oceanic 
and Atmospheric Administration, National Marine Fisheries Service (NMFS); 3) California 
Department of Fish and Game (CDFG); and 4) State Water Resources Control Board, Division 
of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and management 
direction, as understood by YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or  (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 

                                                 
1  Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to characterize, to the extent necessary for Relicensing, riparian habitat 
in the Yuba River downstream of the United States Army Corps of Engineer’s (USACE) 
Englebright Reservoir and potentially affected by continued Project O&M.  
 
The objective of the study is to collect information to meet the study goals, including:  
 
 Determine riparian vegetation composition and age class structure, including regeneration 

and germination; 

 Evaluate trends in riparian health and factors contributing to riparian conditions in the Study 
Area,   

 

4.0  Existing Information and Need for Additional 
Information 

 
The Yuba River between the Englebright Dam and the Marysville Gage has a long history of 
anthropogenic disturbance, primarily related to industrial gold mining efforts.  Multiple 
diversions were created, beginning during the late 1800s, to supply mining and agricultural 
interests outside of the Yuba River watershed.  Hydraulic mining operations continuing through 
the 1930s deposited vast amounts of sediment throughout the lower Yuba River.   The USACE 
put Englebright Dam into service in 1941 as a sediment barrier, which subsequently depleted 
downstream areas of sediment input.  The landscape in this area is recognized as highly disturbed 
from these historical uses, with the riparian habitat capability greatly reduced from pristine 
conditions.  Several efforts are have been made or are currently underway to document the status 
of riparian vegetation in the Yuba River downstream of Englebright Dam, as identified 
immediately below.  All accessible information useful to understanding Project effects will be 
utilized in this study.  
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 CDFG mapped all riparian habitats of the Central Valley starting in the 1977 (Nelson and 
Nelson 1984).  This mapping effort used large categories of vegetation type (e.g., forest, 
shrub, herbaceous and bare gravel bar), and will be useful to assess large changes of riparian 
habitat over the last 20-30 years.  Known as the Katibah maps after the principal investigator, 
these resources are reported to exist in CDFG archives as scanned images of variable quality 
spatial rectification.  YCWA has not been able to obtain these at this time. 

 CDFG is currently mapping riparian habitats throughout the Central Valley at a similar scale 
as the Katibah maps, but following the National Vegetation Classification Standard and the 
California Vegetation Manual (Keeler-Wolf et al. 2009).  A GIS layer of these maps for the 
lower Yuba River upstreamup to Highway 20 is expected to be available in 2011 (Diana 
Hixon, CDFG, pers. comm.). 

 A riparian mapping project has been initiated by the Yuba Accord’s River Management 
Team (RMT).  The RMT has used Light Detection and Ranging (LiDAR) data for the entire 
riparian corridor upstreamup to Highway 20 to yield a map of riparian structure (i.e., height 
and density).  The RMT plans to use ground data from CDFG with the LiDAR data to 
develop stand classifications following the California Vegetation Manual, butyet one scale 
finer than that being produced by CDFG.  This effort is targeted for completion in late 2010. 
YCWA has not been able to obtain these at this time. 

 The RMT in conjunction with University of California at Davis and YCWA have developed 
a topographic map and two-dimensional hydrodynamic model (SRH-2D) of the Yuba River 
downstream of Englebright Dam (M&E Program 2010) as a basis for integrating and 
understanding riparian trends.   

 An analysis of historic aerial photographs and maps of the lower Yuba River dating from 
1906 through 1998 will be undertaken as a joint project between YCWAthe Yuba County 
Water Agency and the RMT.  That effort is anticipated to be completed by summer 2011 
(James et al. 2009). 

 Low-altitude aerial video of the Yuba River (YCWA 2009).) 

 Topographic and geologic maps, including a digital elevation model (DEM) of the Yuba 
River downstream of USACE’s Englebright Dam (M&E Program 2010).) 

 A conceptual model for effects upon riparian habitat from dams, gold-mining activity and 
hydrologic alteration was developed as part of a study funded by the US Fish and Wildlife 
Services’ Anadromous Fish Restoration Program (CBEC 2010). 

 YCWA’s Pre-ApplicatioPADn Document (PAD) contained information about the riparian 
vegetation mapped in the area of the Project, including CalVeg maps and National Wetland 
Inventory (NWI) maps on a 1:24,000 scale, shown with United States Geological Survey 
(USGS) topographic features and Project facilities.  Section 7.6 of the PADPre-Application 
Document includes a table of NWI palustrine and riverine wetland types and acres within the 
Project Area3 and the Federal Energy Regulatory Commission (FERC) Project Boundary.4   

                                                 
3  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between Project facilities and downstream to the 
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Based on NWI maps5 (1987), there are approximately 40,417 feet and 125 acres of riverine 
wetlands within the Project Area, with approximately 8,044 feet and 54 acres within the 
FERC Project Boundary.  Remaining NWI classified wetland habitats in the Project Area 
include approximately 63,926 feet and 13 acres of palustrine wetlands and approximately 
4,635 acres of reservoir open water.   

NWI riparian wetlands have been classified using aerial imagery but no ground-mapping data 
is known to exist to support this inventory.  In addition, no knownthe site-specific 
assessments of riparian habitats or habitat condition within the FERC Project Boundary are 
known to exist.not adequate for relicensing purposes. To achieve the study goals, additional 
information is needed.  
 

4.0 Study Goals and Objectives 
 
The goal of the study is to characterize, to the extent necessary for Relicensing, riparian habitat 
in the Yuba River downstream of Englebright Dam.  
 
The objective of the study is to collect information to meet the study goals. 

 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from USACE’s Englebright 
Dam (RM 24) to the Marysville Gage (RM 6.2).6)7.  The Study Area does not extend farther 
downstream because of backwater effects of the Feather River into the Yuba River.  may 
confound Project effects.  The lateral boundaries of the Study Area extend to the toe slope of the 
river valley, training walls, or to a change from riparian species to upland species, whichever is 
the greater distance.  For the purposes of this study, riparian plant species are defined by Reed 
(1998) or a similar reference. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 

                                                                                                                                                             
next major water controlling feature or structure.  

4  The FERC Project Boundary is the area that YCWA uses for normal Project operations and maintenance, and is shown on 
Exhibits J, K, and G of the current license. 

5   National Wetland Inventory (NWI) mapped distances and areas are presented in terms consistent with the information in 
YCWA’s PAD.  

6  River miles (RM) were calculated using the National Hydrography Dataset (NHD) GIS data.  River miles start at the 
confluence of a stream or river into another stream or river (river mile 0) and increase upstream to the terminus of the stream.  
River miles denoted here indicate the location as measured from the confluence of the Yuba River with the Feather River. 

7  River miles (RM) were calculated using the National Hydrography Dataset (NHD) GIS data.  River miles start at the 
confluence of a stream or river into another stream or river (river mile 0) and increase upstream to the terminus of the stream.  
River miles denoted here indicate the location as measured from the confluence of the Yuba River with the Feather River. 
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5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, NMFS, SWRCB and CDFG to provide an opportunity for 
input regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.8 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 

                                                 
8 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
The study will be implemented in one or two phases, as necessary.  Phase one will be 
implemented in 20112012 and includes five steps: 1) site selection 2) gather data and prepare for 
field effort; 3) conduct field surveys; 4) prepare data and quality assure/quality control (QA/QC) 
data; and 5) prepare report.  Each step of this phase is described below in the remainder of the 
Methods Section, Steps 1-5. 
 
The need for Phase two of the study will be determined following reporting of Phase One efforts, 
at which time Licensees will collaborate withperformed if YCWA and Relicensing Participants 
regarding the potential need forcollaboratively agree that additional study of riparian 
habitatinformation is needed and collaborative agreement on study methods is reached.   
 
5.3.1  Phase One 
 
5.3.1.1 Step 1 - Site Selection 
 
Riparian habitat study sites are generally selected within a reach to represent the range of 
channel and habitat types in the reach (Bovee 1982).  The characteristic feature of a study reach 
is homogeneity of the channel structure and flow regime.  The sites chosen will represent those 
sites most likely to exhibit effects of project features and operations on channel morphology and 
habitat features.  Study sites will extend from the wetted edge of the river to the toe slope of the 
valley, training walls, or to a change from riparian species to upland species, whichever is the 
greater distance.  For the purposes of this study, riparian plant species are defined by Reed 
(1998) or a similar reference.  
 
The Lower Yuba River has been qualitatively divided into reaches on the basis of “majorkey 
geomorphic or topologic features, including changes in stream character (gradient, channel 
morphologyslope in the longitudinal profile and substrate) and significant alterations in stream 
discharge” (Beak Consultants, Inc 1989).associated geomorphic variables.  The reaches 
occurring within the sStudy aArea are described as:: 1) Englebright Dam, 2) the Narrows Reach, 
extending from Englebright Dam to the downstream terminus of the Narrows, a steep-walled 
canyon; 2) Garcia Gravel Pit Reach, extending downstream from the Narrows Reach to the 
USACE’s, 3) Timbucktoo Bend, 4) Parks Bar, 5) Dry Creek, 6) Daguerre Point Dam; and, 3) 
Daguerre Point Dam Reach, extending downstream from the Daguerre Point Dam to the 
upstream terminus of the Feather River backwater, just downstream of the, 7) Hallwood, and 8) 
Marysville Gage (Beak Consultants, Inc 1989).(Wyrick and Pasternack 2011) (Table 5.3.1-1).   
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The Narrows Reach isTable 5.3.1-1.  Lower Yuba River reaches delineated by geomorphic 
characteristics.1. 

  
Reach 
 Name 

Valley Width (ft)    
Bed Slope 

(%) 

  
Thalweg 

Length (ft) 

  
Starting Point 
 Description Minimum Mean Maximum 

Englebright 
Dam 

316 415 693 0.31 
129,440-
133,570 

Englebright Dam 

Narrows 162 298 596 n/a 
122,735-
129,440 

Confluence with Deer Creek 

Timbuctoo 
Bend 

318 544 1349 0.201 
101,945-
122,735 

Onset of emergent gravel floodplain 
upstream of Blue Point Mine 

Parks Bar 311 976 1424 0.188 
75,965-
101,945 

Highway 20 Bridge 

Dry Creek 783 1009 1607 0.135 
63,500-
75,965 

Confluence with Dry Creek 

Daguerre Point 
Dam 

651 1472 1818 0.176 
45,000-
63,500 

Daguerre Point Dam 

Hallwood 232 889 1867 0.131 
17,500-
45,000 

Slope break near Eddie Drive 

Marysville 224 562 1251 0.052 0 – 17,500 No evident feature 
1Source:  Wyrick and Pasternack 2011 

 
 
The Englebright and Narrows reaches are not expected to sustain substantive riparian habitat due 
to the confined, steep nature of the river canyon and the predominant bedrock substrate (Harris et 
al. 1988).  Bedrock channels are generally insensitive to short-term changes in sediment supply 
or discharge.  Only a persistent decrease in discharge and/or an increase in sediment supply 
sufficient to convert the channel to an alluvial morphology would significantly alter bedrock 
channels (Montgomery and Buffington 1993).  Because of the limited potential for riparian 
vegetation in this reach coupled with very limited access, a study site is not proposed in the 
Narrows Reach study sites are not proposed in the Englebright or Narrows reaches.  The 
Marysville reach is not proposed to be included because the backwater effects of the Feather 
River may confound Project effects.  
 
With the exception of the Narrows Reach, a A minimum of twoone study sitessite is proposed 
for each of the two remaining reaches occurring in the Study Area.  A total of fourfive study sites 
will be chosen to include changes in channel morphology and riparian vegetation, and additional 
sites will be added if more are necessary to develop a complete characterization of the riparian 
habitats occurring within the Study Area.  Areas devoid of vegetation will be incorporated to the 
extent necessary to determine potential causes for the lack of riparian habitat.    
 
In addition, sites will be located in areas downstream of existing cottonwood (Populus fremontii) 
stands in order to capture potential germination and establishment of cottonwoods using a 
Greenline derived method (USDA 1999).  The need for sites to be located downstream of 
cottonwoods will not preclude sites from being chosen in areas upstream of cottonwoods, but 
will be in addition to any other sites that are integral for describing the extent of the riparian 
habitat on the Yuba River.   Each site will be a minimum of 111 meters long in order to comply 
with the Greenline method, described in Step 3, Condition Assessment.      
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5.3.1.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, aerial photography and all other information listed in Section 4.0, Existing 
Information and Need for Additional Information, relevant to riparian vegetation will be 
reviewed and examined in preparation for field efforts.  These sources are expected to provide 
documentation on relevant geomorphology, topography, soils, riparian vegetation coverage and 
type, invasive species, and land-use (i.e.,., mining, timber management, recreation, road 
development, fires, grazing, and water diversions).  This information will be employed during 
ground-truthing surveys, site analysis and in the creation of vegetation mapping products and is 
expected to increase the general understanding of the riparian systems being examined. The 
current condition of the riparian habitat occurring on the Yuba River will be assessed by 
combining existing information with field surveys.   
 
5.3.1.3 Step 3 - Condition Assessment 
 
Riparian areas are generally very dynamic, as seasons of drought or floods may desiccate or 
scour away otherwise healthy vegetation.  Therefore, resilience to such events is important and 
can be assessed by riparian species abundance, richness, distribution and age structure.  The 
health of a riparian community considers these factors in the context of providing resiliency to 
natural events, as well as structure or complexity for wildlife habitat.   
 
Although each methodology will beis described in detail in the sub-sections that follow, an 
overview of the methods is included here, with generalized rationale:provided in the bullets 
below.  The information will be gathered at  eachat each study site determined in Step 1. 
 
At each of the five lower reaches, Timbucktoo Bend, Parks Bar, Dry Creek, Daguerre Point 
Dam, and Hallwood (Wyrick and Pasternack 2011), the following methods will be performed.  
   
 Vegetation Mplotsmapping   
 SpeciesField verifying LiDar and NAIP imagery (e.g., species abundance, richness, and 

distribution) 
 AgeSize-class structure of riparian vegetation 
 Ground-truth vegetation mapping 
 

 Inventory of Eexisting Ccottonwood Sstands  
 Size/age class inventory to determine when established 
 Extrapolate conditions under which cottonwoods established 

 Greenline survey 
 Determine if cottonwood germination is occurring 
 Determine if cottonwoods are establishing 
 If one or the other of the above is not observed, then why 
 

 Digital Elevation Model Topographic Map and Hydrodynamic Model  
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 Understand inundationInundation duration, and frequency and effects on of riparian 
vegetation 

 Understand how erosionErosion, deposition, or other substrate movement may effectas 
related to riparian vegetation 
 

 Vegetation mapping 
 

 Historical aerial photograph analysis9  
 Examine what changes have taken place over time 
 Examine whenWhen changes took place 
 Examine possible causes for changes 

o  
 
Within selected sStudy sSites, the following methods will be applied: 
 
 Large Wwoody Mdebris mappingmaterial 
 Describe locations Locations and physical characteristics of large woody debriswood 
 Describe functionFunction in the channel 

 
 

 General Riparian Condition 
 General riparian condition 
 Describe changesGeneral riparian condition  
 Changes in channel and bank substrate (including any excessive erosion or deposition) 
 Describe landLand use activities 
 Describe unusualUnusual stress or mortality on riparian plant community 
 Describe riparianRiparian vegetative and hydrologic connectivity (or lack of) 

 
5.3.13.1.3.1.1  Vegetation PlotsMapping 
 
Ground-truthing of two-dimensional and vegetation maps will be performed using circular 
vegetation plots, nine meters in diameter.  Within each plot the dominant and subdominant 
species will be recorded along with each species’ estimated ground cover (percent).  Dominant 
species will be recorded for each stratum in which they occur: tree, shrub, and herb layer.  Plots 
will be recorded using a GPS unit with sub-meter accuracy and digitized on aerial maps for each 
site. 
 
Abundance of riparian vegetation describes the total ground cover and density of riparian 
vegetation.  This is closely related to distribution, which describes where in the river corridor the 
riparian vegetation is located.  These characteristics will be evaluated on the Yuba River by 
examining available vegetation maps of the area, including the recent LiDar mapping performed 
by the RMT.  Mapped vegetation types will be ground-truthed to confirm species, density, and 

                                                 
9  Historical aerial photograph analysis will be performed to the extent that historical aerial photographs are available for each 

reach. 
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age class10 of riparian vegetation; the results of the field efforts will be used to extrapolate 
information about the remaining riparian vegetation in the Study Area.  Information regarding 
the distribution of each vegetation type and age will also result from these efforts.   
 
This exercise will provide for the observation and recording of seedling germination or 
regeneration, which will be recorded in the herb layer.  Analysis of age or size class structure 
will be used for retrospective analysis, as the ages of various species or stands indicate how long 
ago the area was established and if it continues to be productive.  Vegetation plots provide for a 
description of ground cover, which is important as ground cover may provide structural benefit 
to the riparian habitat by stabilizing the banks or trapping sediments.   
 
The presence and absence of wetland indicator species will provide insight into inundation 
duration and frequency.  For the purpose of the study, riparian vegetation is defined as wetland 
indicator species as identified by the National List of Plant Species that Occur in Wetlands:  
California (Region 0), (Reed 1988). 
 
Vegetation mapping will be performed by field verifying LiDar and NAIP imagery of the Study 
Area.  Two sets of data will be collected during vegetation field-verification efforts: 1) 
Individual trees/shrubs; and 2) Vegetation patch types.  This data will be used to calibrate an 
automatic algorithmic vegetation classification which will be applied to the aerial imagery of the 
survey area to result in a map of the vegetation present in the Study Area. 
 
Individual tree/shrub data will verify the descriptive metrics of specific tree or shrub species 
identified on LiDAR and/or NAIP imagery.  Data collection will include the canopy dimensions 
and location, mainstem location and diameter at breast-height (DBH), and dominant understory 
species.  The canopy dimensions will include an estimate of the maximum height and a field-
mapped polygon of the canopy perimeter.  If physical access is limited in the field, or if satellite 
reception is blocked by the tree canopy, the mainstem location will be estimated and the canopy 
edge will be recorded by a minimum of four points at the canopy edge.   

 
Vegetation patch type data will be used to verify areas of vegetation appearing to be similar on 
LiDAR and/or NAIP imagery.  Patches occur when canopy structure is too unresolved to isolate 
individual trees with an appropriate level of accuracy.  These vegetation patches will be 
identified and delineated into polygons prior to field efforts.  Field verification efforts will 
include visual estimates of vegetation homogeneity within the delineated patch and among other 
vegetation patches of matching imagery.  If the vegetation patch is too large to estimate 
accurately, the relevé method will be used to determine species composition and cover of woody 
plants.  Vegetation patches may be re-delineated to match field conditions.  Data collected within 
these patches will include woody vegetative species, percent cover, canopy height, canopy 
variability (emergents), dominant midstory species, and patch perimeter.  
 
A representative number of samples will be taken from individual trees and vegetation patch 
types to accurately align the riparian vegetation with LiDAR and/or NAIP imagery and to 

                                                 
10  Where age class information is difficult to obtain accurately without harming the vegetation, size classes will be used in 

conjunction with aerial photographs to determine the approximate age of the vegetation in question. 
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precisely run an algorithmic vegetation mapping program.  The data collection will be biased 
toward collecting individual tree/shrub data to validate the algorithmic vegetation classification 
because the cognition software delineates individual tree canopies, not patches like traditional 
methods.  Thirty to 50 samples per species and vegetation patch type are expected, but may be 
modified if specific field needs are identified during field efforts.   Ten percent of the data 
collection locations occurring within the upper six miles of the reach will be located to 
correspond with features identifiable on NAIP imagery for ensured vegetation mapping accuracy 
and co-rectificateion with LiDAR data.   The Study Area will be stratified by environmental 
parameters (i.e., slope, aspect, distance from river, and geomorphically distinct reaches) and an 
effort will be made to collect samples from each representative stratum, as access allows. 
 
A survey grade real time kinematic (RTK) GPS unit will be used for vegetation mapping efforts. 
 
 
5.3.1.1.3.2  Inventory and Aging of Existing Cottonwood Stands 
 
Cottonwoods are tall, fast growing riparian trees that colonize floodplain areas to create a host of 
riparian habitat benefits.  They provide lateral stratification for wildlife habitat, shading for 
understory development and stream cooling, as well as generating large woody debris 
(LWDmaterial (LWM) which provides additional aquatic habitat and contributes organic matter.  
These trees are disturbance dependant, with seed dispersal following springtime peak flow 
events for establishment in recently scoured, wet areas of receding river flows.  Because 
cottonwoods are often considered keystone species to Central California riparian habitats, a large 
knowledge base can be incorporated to better understand contributing factors to the current 
condition of riparian habitat. 
 
As an extension of vegetation mapping, all cottonwood stands will be located and mapped.  
AnAging of cottonwood trees will be performed by coring a limited sample of the cottonwood 
population (no more than 10%).    Following the vegetation mapping and historic aerial analysis, 
YCWA will consult with Relicensing Participants on where (strata) and how many cottonwood 
cores to be taken with the goal of understanding the conditions under which the existing 
cottonwood stands became established.  Coring will be limited for the purpose of budgeting.   
 
Once the cored cottonwood trees are aged, an estimation of the age using size class structures 
will be performed to determine approximately when each stand was established and if 
recruitment continues within each stand.  The age classes will be used to retrospectively 
extrapolate conditions that supported the successful establishment and maintenance of the stands, 
lending to an understanding of how the Project may have effects on the area. 
5.3.1.1.3.3 4 Greenline Survey for Cottonwood  
 
Limited stands of cottonwoods are present in the Yuba River in areas of legacy mining.  The 
modified Greenline technique will be used to monitor the germination of cottonwoods occurring 
within the Study Area in order to develop an understanding of why the population is limited.   
 
The Greenline is defined as: “that specific area where a more or less continuous cover of 
vegetation is encountered when moving away from the center of an observable channel” (USDA 



Yuba County Water Agency 
Yuba River Development Project  
FERC Project No. 2246  
 

 
Riparian Habitat Below Englebright Dam Proposed Revised Study Plan AprilAugust 2011 
Page 12 of 18 ©2011, Yuba County water Agency  

1999).  Methods indicated here have been modified from various Greenline techniques to address 
the specific needs of this study.  Similar methods have been applied in similar riparian studies on 
the Sacramento River (Stella personal comm. 2011); these methods will be followed at riparian 
habitat study sites and the data gathered will be used to extrapolate information about 
germination throughout the rest of the Study Area.  
 
A field crew will perform the Greenline survey by walking the length of each study site near the 
waters’ edge identifying live seedlings.  The line of seedlings will be mapped with a GPS unit, 
with changes in seedling patch width recorded in differences recorded in square meters.  Along 
the length of the river, changes in bank substrate (sand, gravel, cobble) and seedling density (>1 
seedling per square meter, 1-10 seedlings per square meter, 10-100 seedings per square meter, 
etc.) will be noted (modified from Winward 2000).  Two greenline surveys will be performed 
during 2011; the first will be performed in the late spring or early summer, during the expected 
early cottonwood germination stage; the second will be performed at the end of the summer or 
early fall.  Each greenline transect will be a minimum of 111 meters long and approximately two 
meters wide; this distance provides an easy conversion to acreage (USDA 1999).  The start and 
stop point of each transect will be recorded using a GPS with sub-meter accuracy. 
 
This methodology will indicate if germination is occurring within the Study Area, and if the 
germination is successful.  If the germination and/or establishment is not successful, geomorphic 
and hydrologic conditions for the greenline survey areas will be used to analyze possible factors 
contributing to the lack of germination success by linking the seedlings’ distribution to their 
underlying morphological and physiological responses to the abiotic characteristics present 
(Stella and Battles 2010). 
 
Digital Elevation Model Topographic Map and Hydrodynamic Model  
 
The digital elevation model two-dimensional topographic map developed by the RMT shows the 
micro-topography of the entire Lower Yuba River riparian corridor up to Highway 20 and is 
inclusive of the five lower reaches.  LiDar produces images precise enough to determine 
vegetation types by heights and the SRH-2D models hydrodynamic water surface levels of the 
channel and banks at various flow releases.  This information will be used to true verify other 
vegetation mapping efforts in conjunction with performing vegetation plots and may be used to 
quantify specific vegetation communities.  Inundation levels will be modeled using the SRH-2D 
and will be used to determine the potential to support riparian vegetation in unvegetated areas. 
 
5.3.11.3.63.43 Historical Aerial Photograph Analysis 
 
Historical aerial photograph analysis performed by James et al. (2009) for the RMT will examine 
what changes to riparian vegetation have taken place over time and when the changes happened.  
ChangesTiming in changes of the riparian vegetation can be referenced withagainst such things 
as the timing of changes in river operations and major flood events and can be used to tease out 
potential Project effects. 
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5.3.11.3.73.54  Large Woody Debris MappingMaterial 
 
Large woody debris (LWD)material plays an important role in streams by shaping channel 
morphology, storing sediment and organic matter, and providing habitat for wildlife.    Field 
mapping efforts of large wood material in select locations within the Lower Yuba River was 
performed by the RMT, but the extensive amount of LWM present made the ground surveys 
unrealistically time consuming.  RMT field methods were revised to largely substitute aerial 
photograph analysis, the results of which will be included in reporting efforts, as available.   In 
response to requests by Relicensing Participants, YCWA will conduct LWM surveys within two 
randomly selected study sites. 
 
LWDLWM occurring within the designated riparian habitat study sites adjacent to the river 
water surface will be counted as follows:  all LWDLWM greater than 3 ft in length within the 
active channel within four diameter classes (4-12 inches, 12-24 inches, 24-36 inches, and greater 
than 36 inches) and four length classes (3-25 ft, 25-50 ft, 50-75 ft, and greater than 75 ft).  Key 
pieces of LWD  More detailed measurements will be taken for key pieces located within riparian 
habitat study sites.  Key pieces of LWM are defined as pieces either longer than 1/2 times the 
bankfull width, or of sufficient size and/or are deposited in a manner that alters channel 
morphology and aquatic habitat (e.g., trapping sediment or altering flow patterns).  Key piece 
characteristics to be recorded will include: 
 
 piece location, either mapped onto aerial photos or documented with GPS 
 piece length 
 piece diameter 
 piece orientation 
 position relative to the channel 
 whether the piece has a rootwad 
 tree species or type (e.g., conifer or hardwood) 
 whether the piece is associated with a jam or not 
 the number of large pieces in the jam 
 recruitment mechanism 
 function in the channel 
 
5.3.1.3.8 General Riparian Condition Information 

 

The riparian habitat assessment will focus on information collected within study sites for 
quantitative data.  However, all information contributing to the understanding of the overall 
riparian condition will be incorporated in analysis and reporting efforts.  Additional types of 
information that may be used, but will not be limited to, include: 

 Channel and bank substrate 

 Evidence of channel encroachment or bank instability (including any excessive erosion or 
deposition) 

 Evidence of recreational and other land use activities 

 Evidence of unusual stress or mortality on riparian plant community 
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 Evidence of riparian vegetative connectivity (or lack of) 

 Hydrologic connectivity (or lack of) 

 Biotic structure, including vertical and horizontal complexity 
 
5.3.1Additional information obtained from RMT woody material mapping in the Lower Yuba 
River will be included as available.  LWM information will be included in overall riparian 
assessment. 

 
5.3.1.3 Step 4 – Prepare Phase 1 Report and Collaborate Regrading Regarding Phase 2 
 
At the conclusion of Phase 1, YCWA will prepare a report summarizing Phase 1, provide the 
report to Relicensing Participants, and meet with Relicensing Participants to discus the need for 
additional data collection.  If YCWA and Relicensing Participants collaboratively agree 
additional data are needed, YCWA and Relicensing Participants will collaboratively develop the 
methods for Phase 2 (the methods may include greenline survey-type data collection), and 
YCWA will provide the methods to FERC for consideration.   YCWA will implement Phase 2 as 
approved by FERC.   
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting existing riparian habitat and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland and riparian sites found.  YCWA will also produce a map for the 
study area that shows the extent of riparian vegetation as depicted on historic aerial photos 
compared to riparian vegetation extent depicted on recent aerial photos.    
 
5.3.1.5 Step 5 – Prepare Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.  The report will include field data to support riparian condition assessment 
and riparian habitat maps.  
 
The study report will be focused to  on addressing the study goals of using riparian vegetation 
composition, age class structure, and distribution to evaluate trends in riparian health and 
determine factors contributing to riparian conditions in the Study Area.  These factors will be 
evaluated in a context of the functioning condition of the riparian habitat and what benefits 
(versus potential benefits) it provides to the biotic communities and abioticaboiiotic systems of 
the Yuba River.  Project effects and other current or historical land uses will also be incorporated 
to illustrate the best possible understanding of the conditions supporting or limiting the riparian 
habitat. 
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6.0 Study-Specific Consultation 
 

The study includes the following study-specific consultation:Study Proposal 
Consultation 
 YCWA will prepare a report summarizing Phase 1, provide the report to Relicensing 

Participants, and meet with Relicensing Participants to discuss the need for additional data 
collection.  If YCWA and Relicensing Participants collaboratively agree additional data are 
needed, YCWA and Relicensing Participants will collaboratively develop the methods for 
Phase 2 (the methods may include greenline survey-type data collection), and YCWA will 
provide the methods to FERC for consideration.   YCWA will implement Phase 2 as 
approved by FERC. (Step 4.)   

 
This study requires one consultation with relicensing participants at the end of phase one 
reporting: 
 

 
7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) ................................... OctoberSeptember 2011 - November 2011May 2012 
Collect and Review Existing Data and Information (Step 2) ..... October 2011April - August 2012 
Condition Assessment (Step 3) .......................................................................... May - August 2012 
Prepare and QA/QC Data (Step 4)  ......................................................... October – November 2012 
Study Report Preparation (Step 5) ................................. November 20112012- February 20122013 
Phase Two .................................................................................................. May - August 20122013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study provides an assessment of potential Project effects on existing riparian vegetation and 
is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California.  The proposed methodologies use standard 
assessment methods developed and used by federal land management agency personnel.  
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this sstudytudy in 2011 dollars is between between 
$60,000 and $80$60,000 and $80,000. 
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Study 6.3 

WETLANDS 
AugustApril 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have the potential to affect 
wetlands. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over wetlands in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 3) United States Army Corps of Engineers 
(USACE); and 4) California Department of Fish and Game (CDFG).  Each of these agencies and 
their jurisdiction and management direction, as understood by YCWA at this time, is discussed 
below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document (PAD).  USFWS’s jurisdiction, goals and objectives are not repeated 
here.      
 
USACE 
USACE’s management goals for wetlands include protecting aquatic resources, while allowing 
reasonable development, through restoring, enhancing, creating and preserving aquatic functions 
(USACE 2008a). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Wetlands RevisedProposed Study Plan AugustApril 2011 
Page 2 of 7 ©2011, Yuba County Water Agency 

 

3.0 Study Goals and Objectives 
 
The goals of this study are: 1) to document the occurrence and distribution of wetlands within the 
existing Federal Energy Regulatory Commission (FERC) Project Boundary1; and 2) to assess the 
condition of wetlands potentially affected by continued Project O&M within the existing FERC 
Project Boundary. 
 
The objective of this study is to gather the data and information necessary to meet the study 
goals. 
 

4.0 Existing Information and Need for Additional 
Information 

 
LicenseeYCWA’s Pre-Application Document (PAD) contains information about the wetland 
vegetation mapped in the area of the Project, including National Wetland Inventory (NWI) maps 
on a 1:24,000 scale, shown with United States Geological Survey topographic features and 
project facilities.  Section 7.6 of the Preliminary Information Package includes a table of NWI 
palustrine and riverine wetland types and acres within the Project Area.2   
 
Based on NWI maps (1987), there are approximately 63,926 feet along the water and 13 acres of 
palustrine wetlands within the Project Area, with approximately 8,323 feet along the water and 5 
acres within the existing FERC Project Boundary.  Remaining NWI classified wetland habitats in 
the Project Area include approximately 40,417 feet along the water and 125 acres of riverine 
wetlands and approximately 4,635 acres of reservoir open water. 
 
NWI wetlands have been classified using aerial imagery but no ground-mapping data is known 
to exist to support this inventory. In addition, no known site-specific assessments of wetland 
habitats or habitat condition within the YCWA FERC Project Boundary are known to exist. To 
achieve the study goals, additional information is needed.  
 

                                                 
1  The existing FERC Project Boundary is the area that LicenseeYCWA uses for normal Project operations and maintenance, and 

is shown on Exhibits J, K, and G of the current license. 
2  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about 0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between project facilities and downstream to the 
next major water controlling feature or structure. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes wetlands within the FERC Project Boundary. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 
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 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) site selection 2) gather data and 
prepare for field effort; 3) conduct field surveys; 4) prepare data and quality assure/quality 
control data; and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Site Selection 
 
Non-riparian4 wetlands within the FERC Project Boundary will be identified by wetland 
hydrology and hydrophytic vegetation indicators (Environmental Laboratory 1987, 2008b), and 
microtopographic depressions.  Based on aerial photography, NWI maps (1987), and field 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
4  Riparian applies to the wetlands “…contiguous to and affected by surface and subsurface hydrologic features of perennial or 

intermittent lotic (lakes) and lentic (rivers, streams, or drainage ways) water bodies.” (USFWS 1997).  Riparian-wetlands are 
addressed by LicenseeYCWA’s Riparian Habitat Upstream of Englebright Reservoir Study (Study 6.1) and Riparian Habitat 
Downstream of Englebright Dam Study (Study 6.2). 
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reconnaissance, representative wetlands potentially affected by continued Project O&M will be 
selected for wetland condition assessment.  
 
5.3.2 Step 2 – Collect and Review Existing Data and Information 
 
Existing data, including Geographic Information System (GIS) data, historical information, 
reports, maps, and aerial photography relevant to wetland vegetation will be collected and 
reviewed where available for the selected sites.  These sources are expected to provide 
documentation on geology, topography, soils, wetland vegetation coverage and type, invasive 
species, and land-use (i.e. mining, timber management, recreation, road development, fires, 
grazing, and water diversions).   
 
5.3.3 Step 3 – Condition Assessment 
 
Surveyors will conduct a condition assessment using the protocol Riparian Area Management, A 
User Guide to Assessing Proper Functioning Condition and the Supporting Science for Lentic 
Areas (Prichard et al. 2003) at wetland sites. Observations of representative conditions and 
noteworthy atypical conditions will be documented by geo-referenced photographs.  Recorded 
site information will include: 1) hydrologic attributes and processes including observations for 
inundation, water source, soil saturation, watermarks, sediment deposits, and drainage patterns 2) 
dominant and sub-dominant vegetative species; vertical community distribution; horizontal 
community stratification; evidence of periodic recruitment; and dominant and sub-dominant 
species rating for known association with moist soil conditions in accordance with USACE 
wetland delineation forms (USACE 2008b) 3) erosion and/or deposition attributes including 
observations for geologic structure, sediment supply, and shoreline characteristics 4) 
observations of special-status species. 
 
The study does not include formal wetland delineation. 
 
 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, LicenseeYCWA will develop GIS maps depicting wetland habitat and 
other related information collected during the study.  Field data will then be subject to QA/QC 
procedures, including spot-checks of transcription and comparison of GIS maps with field notes 
to verify locations of wetland sites and wetlands found. 
 
5.3.5 Step 5 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  Maps of wetland habitat will be included as an 
attachment. 
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6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation.   
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Site Selection (Step 1) ....................................................................... November 2011 - March 2012 
Collect and Review Existing Data and Information (Step 2) ............................... April - May 2012 
Condition Assessment (Step 3) ......................................................................................... June 2012 
Prepare and QA/QC Data (Step 4)  .................................................................................... July 2012 
Study Report Preparation (Step 5) ............................................................ August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California. The proposed methodologies use standard 
assessment methods developed and used by federal land management agency personnel. 
 
 
 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $120,000 
and $165,000. 
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Study 7.1 

ENDANGERED SPECIES ACT-LISTED 
PLANTS 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an adverse effect on plants 
listed under the federal Endangered Species Act (ESA) as endangered (FE) or threatened (FT). 
 
Special-status plants1 and plants listed under the State of California Endangered Species Act 
(CESA) are addressed in separate study proposals: the Special-Status Plants Study Proposal and 
CESA-Listed Plants Study Proposal, respectively. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes one agency has jurisdiction over ESA-listed plants: 1) the United 
States Department of Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have a measurable, adverse effect on ESA-listed plant 
species. 
 
The objective of this study is to gather the information necessary to perform this analysis. 

 

                                                 
1  For the purposes of this Relicensing, special-status plants are considered those plants that are: 1) found on National Forest 

Service (NFS) land managed by the Forest Service USFS and formally listed on the Forest Service’s List of Sensitive Plant 
Species for the Plumas National Forest (FSS-P) or the Tahoe National Forest (FSS-T); 2) found on the CDFG’s list of 
California Rare (SR) species, listed under the Native Species Protection Act of 1977; 3) listed under the federal ESA as 
Proposed or a Candidate for listing as endangered or threatened; 4) listed under the CESA as proposed for listing; or 5) found 
on the California Native Plant Society (CNPS) Inventory of Rare Plants and formally listed as a CNPS 1, 2 3 or 4 plant (CNPS 
1, CNPS 2, CNPS 3, CNPS 4).   
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4.0 Existing Information and Need for Additional 
Information 

 
As discussed in Section 7.7 of LicenseeYCWA’s Pre-Application Document (PAD), existing and 
relevant information regarding known and potentially occurring ESA-listed plants in the Project 
Vicinity2 is available from the California Natural Diversity Database (CNDDB) (CDFG 2009), 
USFWS official list of ESA-listed species for 7.5 minute USDOI, United States Geological 
Survey (USGS) topographic quadrangles (quads) (USFWS 2009) and California Native Plant 
Society (CNPS) Inventory of Rare and Endangered Plants database (CNPS 2009).  Based on this 
information, LicenseeYCWA identified four plants species that are ESA-listed and have a 
reasonable potential to occur on the Project.  Table 4.0-1 provides for each of the ESA-listed 
plant species: 1) status; 2) flowering period; 3) elevation range; 4) habitat requirements; and 5) 
documented occurrence in the Project Vicinity. 
 
Table 4.0-1.  ESA-listed plant species potentially occurring on the Yuba County Water Agency’s 
Yuba River Development Project. 

Common Name/ 
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Stebbins’ morning-
glory  
Calystegia stebbinsii 

FE 
SE 

CNPS 1B 
Apr-Jul 607-2,395 

Chaparral, cismontane 
woodland 

Unknown in Project Vicinity;  
present in Pilot Hill, Grass Valley, 
Lake Combie 

Pine Hill flannelbush 
Fremontodendron 
decumbens 

FE 
SR 

CNPS 1B 
Apr-Jul 1,394-2,493 

Chaparral, cismontane 
woodland/gabbroic or 
serpentinite, rocky 

Unknown in Project Vicinity;  
present in Grass Valley 

Layne’s ragwort 
Packera layneae 

FT 
SR 

CNPS 1B 
Apr-Aug 656-3,281 

Chaparral, cismontane 
woodland/serpentinite or 
gabbroic, rocky 

In vicinity-Challenge, Clipper Mills; 
present in Pilot Hill, Rackerby 

Hartweg’s golden 
sunburst 
Pseudobahia 
bahiifolia 

FE 
SE 

Mar-Apr 50-500  
Valley and foothill 

grassland, cismontane 
woodland 

Unknown in Project Vicinity 

1  Special-status:  
 CNPS: California Native Plant Society listed species  
  1B:  Species considered rare or endangered in California and elsewhere  
 FE:  Federal Endangered Species  
   FT:  Federal Threatened Species 
 SE:  California Endangered Species 
 SR:  California Rare Species 
2  Occurrence in Project Vicinity:  Some of the USGS topographic quadrangles are found entirely within the Project Vicinity and some are 

partially within the Project Vicinity.  Results based on CNPS nine-quadrangle search. 

 
None of the available reports are from surveys within the existing FERC Project Boundary.3 
 
Additional information needed to address the study goal is the specific location of ESA-listed 
plants in relation to Project facilities, normal Project O&M activities, Project recreation, and any 
other Project-related activities that might affect ESA-listed plants. 
 

 

                                                 
2 For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle 
3 The FERC Project Boundary is the area Licensee uses for normal Project operations and maintenance and is shown on Exhibits 

J, K and G of the current license. 



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan ESA-listed Plants 
 ©2011, Yuba County Water Agency Page 3 of 8 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, Project roads, powerhouses and reservoirs 
powerhouses) as well as Project recreation areas.  The study area will also include a buffer of 
100 feet extending upslope from the high-water mark of the Project reservoirs and from the 
FERC Project Boundary around Project recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team. 

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study. 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and 
LicenseeYCWA’s relicensing GIS analyst.  Metadata will be developed for deliverable GIS 
data sets. GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with YCWALicensee’s Pproject operations staff; and 5) prepare report.  Each step is 
described below. 
 
5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
LicenseeYCWA will identify and map known occurrences of ESA-listed plants within the study 
area, and prepare field maps for use by survey teams.  The maps will include aerial imagery, 
Project features, and known ESA-listed plant occurrences.  Survey timing will be planned based 
on herbarium collection dates. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
LicenseeYCWA’s surveyors will conduct ESA-listed plant surveys as outlined in the “Botanical 
Survey” section of the California Department of Fish and Game’s (CDFG) Protocols for 
Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural 
Communities (CDFG 2009).5 
 
Surveys will be comprehensive over the entire study area using systematic field techniques to 
ensure thorough coverage, with additional efforts focused in habitats with a higher probability of 
supporting special-status plants (e.g., serpentine outcrops).  Surveys will be floristic in nature, 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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documenting all species observed; taxonomy and nomenclature will be based on The Jepson 
Manual (Hickman 1993). 
 
In the event ESA-listed plants are found within the study area, surveyors will collect the 
following data, to the edge of the occurrence, or to 0.25 mile outside the FERC Project 
Boundary, whichever is less: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed). 

 Estimated area (approximate length and width) covered by the ESA-listed plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acres, surveyors will delineate the occurrence boundary 
using a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, location of the approximate center of the occurrence taken as point data 
using a handheld GPS unit. 

 Dominant and subdominant vegetation in the area. 

 Estimated distance to nearest Project facility, feature, or Project-related activity. 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses). 

 Estimated phenology and descriptions of reproductive state. 
 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, LicenseeYCWA will develop GIS maps depicting ESA-listed plant 
occurrences, Project facilities, features, and specific Project-related impacts (e.g., dispersed use 
camping) and other related information collected during the study.  Field data will then be 
subject to QA/QC procedures, including spot-checks of transcription and comparison of GIS 
maps with field notes to verify locations of ESA-listed plant occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of ESA-listed plants in the study area are defined, Project operations staff will 
be consulted to identify Project O&M and Project-related activities that typically occur in the 
area of the ESA-listed plant populations that have a potential to adversely affect the population. 
 
5.3.5 Step 5 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  The report will include GIS maps that show by ESA-
listed plant the location in respect to Project facilities and features.  The GIS layer of ESA-listed 
plants will be made available to the Forest Service if the plant is on National Forest System land.  
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In addition, LicenseeYCWA will develop a GIS layer for noxious weeds and make this available 
to the Forest Service. 
 
If LicenseeYCWA observes any ESA-listed plants, LicenseeYCWA will notify the USFWS 
within 3 working days after the observation. If the plant is on National Forest System (NFS) 
land, LicenseeYCWA will also notify the Forest Service. 
 
 
For all ESA-listed plant species observations, LicenseeYCWA will complete the appropriate 
CNDDB form and transmit the form to the CNDDB.  If the plant is on NFS land, 
LicenseeYCWA will provide a copy of the ESA-listed Plant CNDDB form to the Forest Service 
at the same time it is submitted to CNDDB. 
 

6.0 Study-Specific Consultation 
 
The study proposal does not require study-specific consultation. 
 
However, since FERC has designated LicenseeYCWA as its non-federal representative for 
Section 7 informal consultation under the ESA, LicenseeYCWA will consult with USFWS prior 
to, during, and after study implementation. 
 

7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ............................................................................ November 2011- February 2012 
Collect Data (Step 2) .................................................................................... March 2012- July 2012 
QA/QC Review (Step 3) ............................................................................................... August 2012 
Operations Staff Consultation (Step 4)  ........................................................................ August 2012 
Study Report Preparation (Step 5) ............................................................ August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2012 dollars is between $8,500 and 
$11,500. 
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Study 7.2 

POTENTIAL NARROWS 2 POWERHOUSE 
INTAKE EXTENSION1 

August April 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may affect fish in the Yuba River 
downstream of the United States Army Corps of Engineers’ (USACE) Englebright Dam2 due to 
water temperature. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over water temperature potentially 
affected in the geographic area included in this study proposal:  1) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, 
National Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 
3) California Department of Fish and Game (CDFG); and 4) State Water Resources Control 
Board, Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document or (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 
 
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this three-phased study is to determine the need for and appropriate 
configuration of a Narrow 2 Powerhouse Intake modification.  The goal of the first phase of the 
study is to determine appropriate target water temperatures (i.e., temperature range, times of year 
and locations) for steelhead (Oncorhynchus mykiss irideus) and spring- and fall-run Chinook 
salmon (O. tshawytscha) in the Yuba River downstream of Englebright Dam.   
 
The goal of the second phase of the study is to determine if the current Narrows 2 Powerhouse 
Intake, in conjunction with operation of other existing Project facilities can provide the target 
water temperatures and, if not, how the intake might be modified to provide the target 
temperatures. 
 
The goal of the third phase is to develop a conceptual design for a Narrows 2 Powerhouse intake 
modification, if the second phase determines a modification to the intake is needed to meet target 
water temperatures. 
 
The objective of the study is to develop information to meet the study goals as described above. 
 

4.0 Existing Information and Need for Additional 
Information 

 
4.1  History of Temperature Regime in the Yuba River 
 
The Yuba River downstream of Englebright Dam supports significant, naturally spawning 
populations of anadromous fish, including Central Valley fall-run Chinook salmon, spring-run 
Chinook salmon, and steelhead.  Central Valley spring-run Chinook salmon is currently listed as 
a threatened species under both the federal and State of California Endangered Species Acts 
(ESA and CESA, respectively), and steelhead is listed as threatened under the ESA. Central 
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Valley fall-run Chinook salmon have been designated a candidate for listing under the federal 
ESA. 
 
Since 1941, water temperature in the Yuba River downstream of Englebright Dam has been 
significantly affected by releases from the 260-foot-high Englebright Dam.  From 1941 through 
1970, outflow from Englebright Reservoir was controlled through Pacific Gas and Electric 
Company’s (PG&E) Narrows 1 Project, constructed concurrently with Englebright Dam.  The 
Narrows 1 Powerhouse is located on the south bank of the Yuba River about 1,500 feet 
downstream of Englebright Dam, and the powerhouse has a maximum flow capacity of about 
740 cfs.  Since Englebright Dam does not contain a low-level outlet,3 flows that could not be 
controlled by PG&E’s Narrows 1 Project overflowed the dam.  Englebright Reservoir is fairly 
small (70,000 acre-feet, or ac-ft, of total storage in 1970), and is reportedly over 25 percent filled 
with sediment. There was likely minimal cold water during the summer in Englebright Reservoir 
prior to the construction of New Bullards Bar Dam, and likely water temperatures in the Yuba 
River downstream of Englebright Dam were similar to natural flow conditions (i.e. quite warm in 
summer and fall periods). 
 
In 1970, LicenseeYCWA constructed the Yuba River Development Project, which included two 
significant components that lowered summertime water temperatures in the Yuba River 
downstream of Englebright Dam.  The first was the combination of New Bullards Bar Dam and 
New Colgate Powerhouse.  The dam forms New Bullards Bar Reservoir, which has a large 
supply of cold water.  That cold water is released to the Yuba River through New Colgate 
Powerhouse located just upstream of Englebright Reservoir.   
 
The second Project component was Narrows 2 Powerhouse, which greatly increased the 
capability for controlled releases from Englebright Dam.  The intake for the Narrows 2 
Powerhouse is a tower located on the northwest side of Englebright Reservoir adjacent to 
Englebright Dam.  The tower receives water from the surface of Englebright Reservoir down to 
an elevation of 439 feet, about 80 feet below the normal maximum water surface elevation.4  
 
As a result of the above, water temperature in the Yuba River downstream of Englebright Dam 
were significantly cooler in the late spring, summer and fall after 1970 than it had been from 
1941 through 1970 and also cooler than pre-dam, natural conditions for much of the warmer 
months of the year.  However, water temperature continued to be a major concern of resource 
agencies for management and recovery of cChinook salmon and steelhead on the Yuba River 
downstream of Englebright Dam (CDFG 1991).  To address this concern, starting in about 1999 
YCWA conducted preliminary investigations of the potential benefits of installing an intake 
extension for the Narrows 2 Powerhouse that would access the colder, deeper water in 
Englebright Reservoir.  Initial modeling indicated that temperature reductions of 1 to 6 degrees 
FarenheitFahrenheit (°F) could potentially be achieved, depending on hydrologic conditions, 
release rates from New Bullards Bar Reservoir, and the final design and operation of a new 

                                                 
3   Since the California Debris Commission designed Englebright Dam as a debris storage dam, it did not include a low-level 

outlet in the dam. 
4  Under current operations, Englebright Reservoir fluctuates about 7 feet, from full pool at elevation 527 ft down to an elevation 

of about 520 feet, except during the winter and spring when the reservoir often spills over the Englebright Dam spillway. 
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intake.  YCWA pursued grant funding from CalFed and other sources for design and installation 
of an intake device; however, funding was not secured.  In 2000, the State Water Resources 
Control Board (SWRCB) in Order D-1644 directed YCWA to “diligently purse” funding for the 
intake extension. 
 
Since the 2006, water temperatures in the Yuba River downstream of Englebright Dam have 
been lowered as a result of higher instream flows when the first Pilot Program year of the Yuba 
Accord was implemented.  The Lower Yuba Accord is a consensus‐based, comprehensive set of 
agreements designed, among other things, to protect and enhance the Yuba River downstream of 
Englebright Dam.  The EIR/EIS undertaken for the Accord demonstrated that summer and fall 
month temperatures in the Yuba River downstream of Englebright Dam would generally be 
colder by 1° to 5°F (depending on hydrologic conditions & release schedule) as a result of the 
Accord.  The EIR/EIS also demonstrated that the long-term average water temperatures in most 
year classes, including Dry and Critical water years would be lower than the CDFG 1991 
suggested temperatures that initially prompted the consideration of a new intake structure for 
Narrows 2. 
 
At this time, it appears appropriate to re-evaluate the potential Narrows 2 Powerhouse Intake 
extension in context with the FERC relicensing studies and Lower Yuba Accord River 
Management Team (RTM) studies. 
 
4.2 Existing and Available Information for Temperature Regime in 

the Yuba River 
 
Temperature conditions in the Yuba River below Englebright Dam have been evaluated on 
several occasions using a variety of techniques.  CDFG undertook an analysis using existing data 
in CDFG’s “Lower Yuba River Fisheries Management Plan” (CDFG 1991).  Additional analysis 
of temperature data was completed in support of the SWRCB hearings on flows for the Yuba 
River below Englebright (SWRI et al. 2000). 
 
A Technical Team comprised of representatives from YCWA, NMFS, CDFG, USFWS, and non-
governmental organizations undertook a qualitative review of temperature conditions in 2001-
2003 during the course of the development of the Lower Yuba River Accord flow schedules.  
(Yuba Accord Fisheries Agreement, 2005).  Subsequent analysis of the Accord flow schedules 
during the preparation of the Draft Environmental Impact Report/Environmental Impact 
Statement for the Proposed Lower Yuba River Accord (YCWA 2007) utilized additional 
temperature data and a temperature model developed for the EIR/EIS analysis to compare 
temperature conditions under various CEQA and NEPA scenarios including No Action/No 
Project and various flow alternatives.  
 
Recently, the Yuba Accord River Management Team (RMT) revisited water temperature 
management considerations for the Yuba River below Englebright Dam.  In November of 2010 
the RMT prepared a Technical Memorandum (Attachment A to this Study Plan) in which they 
reviewed the appropriateness of the water temperature regime associated with implementation of 
the Yuba Accord using previously available data and information, updated in consideration of 
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recent and ongoing monitoring activities conducted by the RMT since the pilot programs were 
initiated in 2006. The RMT reviewed and updated the lifestage periodicities of target species 
(spring-run Chinook salmon, steelhead, fall-run Chinook salmon, green sturgeon) in the lower 
Yuba River, identified the appropriate thermal regime for each target fish species taking into 
account individual species and lifestage water temperature requirements, identified water 
temperature index values, assessed the probability of occurrence that those water temperature 
index values would be achieved with implementation of the Yuba Accord, reviewed water 
temperature monitoring data collected from 2006 – 2010, and evaluated whether alternative 
water temperature regimes are warranted.  The RMT also addressed the issue regarding the 
potential that cold water conditions could affect adult spring-run Chinook salmon immigration 
and holding, and the issue of O. mykiss anadromy versus residency.  
 
Given the entire suite of considerations in the Technical Memorandum, the RMT concluded that 
implementation of the Yuba Accord provides a suitable thermal regime for target species in the 
lower Yuba River, and did not recommend water temperature-related operational or 
infrastructure modifications at this time.  Further, the RMT recommended that the Technical 
Memorandum be supplemented by incorporating additional data and information obtained from 
ongoing monitoring and evaluation activities, and by the application of a daily time-step water 
temperature model, when such a model becomes available, to provide greater resolution and to 
validate the exceedance estimates of the Yuba Accord Water Temperature Model.Currently, the 
Lower Yuba RMT comprised of representatives from YCWA, NMFS, CDFG, USFWS, PG&E, 
and a group of NGO’s is revisiting temperature management considerations for the Yuba River 
below Englebright Dam, including species of concern and life stage periodicities, and preferred 
and acceptable water temperature ranges by species and life stage.  The RMT anticipates 
developing a water temperature target matrix during 2010, by location and month, for the Yuba 
River downstream of Englebright Dam that will balance the needs of various species and life 
stages in the river. Target water temperatures ranges may be developed for different locations in 
river, different periods of the year, and different life stages.  The RMT’s work will be 
summarized in a white paper report that will cite purpose, information sources, analysis and 
conclusions.  The RMT anticipates completing this task prior to May of 2011. 
 
The RMT is comprised of representatives of NMFS, USFWS, CDFG, DWR, YCWA, PG&E and 
NGOs.  Because Since the RMT membership includes or represents all of the jurisdictional 
agencies and most concerned stakeholders for the Yuba River below Englebright Dam, it is 
anticipated that the RMT’s technical analysis of water temperature conditions inrequirements the 
Yuba River below Englebright Dam will be sufficient for use by relicensing stakeholders, 
resource agencies, and YCWA for assessment of potential water temperature impacts for in the 
Lower Yuba River. 
 
Relicensing Participants with an interest in issues related to temperatures in the Yuba River 
below Englebright Dam are encouraged to interact with their respective RMT representatives 
during the technical analysis.  Additionally, the RMT can make interim work products, data and 
findings available to the Relicensing Stakeholders 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes Englebright Dam in the vicinity of the 
Narrows 2 Powerhouse Intake and the Yuba River downstream of Englebright Dam. 
 
This study will draw on information being developed primarily by two other Relicensing studies, 
each of which has a broader study area: LicenseeYCWA’s Water Balance/Operations Model and 
Water Temperature Model Study. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be conducted in three steps, each of which is described below.  
 
5.3.1 Step 1 – Assess Ability of Existing Intake and Alternatives to Meet Target 

Water Temperatures  
 
In this step, YCWALicensee will use the Relicensing Water Balance/Operations Model in 
combination with the Relicensing Water Temperature Model to determine if, and under what 
conditions, the existing Narrows 2 Power Tunnel Intake structure can be used to meet the target 
water temperatures developed by the RMT.  The model will also be used to investigate if the 
withdrawal of water from deeper portions of the Englebright Reservoir would facilitate meeting 
the target water temperatures.  LicenseeYCWA will consult with the Relicensing Participants 
regarding model assumptions, and model results.  
 
The ability of the existing Narrows 2 intake structure to meet other water temperature targets 
(i.e., alternatives to the targets developed by the RMT) will be assccessed for any targets 
collaboratively agreed to by YCWA and Relicensing Participants. 
 
If this step determines that the existing Narrow 2 Power Tunnel Intake as configured is adequate 
to meet the RMT target water temperatures and other water temperature targets, if 
collaboratively agreed to, the study will skip Step 2 and proceed to Step 3.  
 
 
5.3.2 Step 2 – Develop Conceptual Design for Preferred Alternative  
 
If Step 1 determines that a reconfiguration of the Narrow 2 Power Tunnel Intake would be 
necessary to achieve target water temperatures, LicenseeYCWA will develop alternative 
conceptual designs for intake.  The goal of this step is to develop enough detail so that the intake, 
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including its construction, can be included in LicenseeYCWA’s Application for a New Licensee 
and evaluated in the National Environmental Policy Act (NEPA) and California Environmental 
Quality Act (CEQA) reviews to support issuance of a new license by FERC, and all necessary 
agency permits and approvals to construct and operate the modified intake, if one is proposed.  
LicenseeYCWA will work collaboratively with the Relicensing Participants regarding the 
conceptual design.  
 
5.3.3 Step 3 – Prepare Report  
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  The report will include the RMT’s final white 
paper, results of the model runs, and conceptual design and supporting information for the 
modified Narrows 2 Power Tunnel Intake, if one is proposed by LicenseeYCWA.       
 

6.0  Study-Specific Consultation 
 
The study includes the following study-specific consultation: 
 
 
 The LicenseeYCWA will consult with the Relicensing Participants regarding model 

assumptions, and model results (Step1) during Step 1. 

 

 YCWA will collaborate with Relicensing Participants the need for alternative to the RMT 
water temperature targets.  If YCWA and Relicensing Participants collaboratively agree that 
alternatives are needed, YCWA will collaborate with Relicensing Participants to develop the 
alternative water temperature targets (Step 1). 

 The LicenseeYCWA will seek comments from the Relicensing Participants regarding the 
conceptual design of the Narrows 2 Intake structure (Step 2). 

 

7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Assess Existing and Alternative Intakes (Step 1) ............................ November 2012 – March 2013 

Develop Conceptual Design (Step 2) ........................................................... April 2013 – July 2013 

Prepare Report (Step 3) ............................................................... August – SeptemberOctober 2013 
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8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study is unlike studies performed for other relicensings, and therefore, does not conform to 
standard scientific practices.  However, identifying goals, assessing the ability of existing 
structures to meet those goals and developing conceptual designs for modifications to existing 
structures so the goals can be met meets the criteria for good engineering practice.   
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $50,000 and 
$100,000. 
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Study 7.3 

ESA-LISTED AMPHIBIANS –  
CALIFORNIA RED-LEGGED FROG 

AprilAugust 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect California red-
legged frog (CRLF) (Rana draytonii), a species listed as threatened under the federal Endangered 
Species Act (ESA). 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
YCWA believes one agency has jurisdiction over ESA-listed amphibians: 1) the United States 
Department of Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to develop information concerning CRLF associated with reservoirs, 
ponds within the existing Federal Energy Regulatory Commission (FERC) Project Boundary, 
and stream reaches potentially affected by the Project, and assess potential effects. 
 
The objectives of this study are to: 
 
 Identify and map known occurrences of CRLF and the distribution of suitable habitats for 

CRLF. 

 Evaluate the likelihood that CRLF currently exists in the FERC Project Boundary using 
habitat assessments and historical records. 

 If deemed warranted by USFWS at specific locations, perform CRLF surveys to document 
whether CRLF occurs at that location. 

 Compile incidental observations of CRLF observations from other aquatic studies. 
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 Through incidental observations, document the presence and provide estimates of number of 
exotic species (e.g., bullfrogs, non-native crayfish, bass, catfish, or mosquito fish) (USFWS 
2002), which may limit the occurrence of CRLF in otherwise suitable habitats. 

 Develop information on Project-affected streams or non-stream areas to allow for evaluation 
of potential Project-related effects on CRLF populations. 

 Provide information that can be used to develop PM&E measures. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring locations of CRLF 
in the Project Vicinity1 is available from California Natural Diversity Database (CNDDB), the 
USFWS, and other sources.  This information and a life history description of CRLF, included in 
Section 7.7 of the Preliminary Information Package (PIP) (YCWA 2009), are useful in 
identifying preferred habitats and documenting where the species has been found to date.  Table 
4.0-1 summarizes CRLF habitat requirements by life stage, and briefly summarizes historically 
known occurrences in the Project Vicinity. 
 
Table 4.0-1.  California red-legged frog habitat requirements by life stage and summary of records 
in Project Vicinity. 

Egg Masses Larvae Juveniles and Adults Occurrence in Project Vicinity1 

In ponds or backwater pools 
of streams, usually attached to 
emergent vegetation (cattail 
and bulrush). Sometimes 
found at sites without 
emergent vegetation (e.g., 
some stock ponds). The 
presence of dense riparian 
vegetation (particularly 
willows) is also a positive 
indicator of suitable breeding 
habitat.  Permanently or 
seasonally flooded water 
bodies may be used. 

Same habitat as eggs; 
also in slow-moving, 
shallow riffle zones, 
and shallow margins of 
pools.  Larvae spend 
most time in 
submergent vegetation 
or organic debris.   

Frogs may stay at breeding sites or 
move to summer habitats. Emergent 
and/or riparian vegetation, undercut 
banks, semi-submerged root masses; 
open grasslands with seeps or 
springs with dense growths of 
woody riparian vegetation, willows; 
cattail, bulrush, and willow are good 
indicators for suitable habitat. 
Associated with deep (<0.7 – 1.5 m), 
still or slow-moving water. Juveniles 
prefer open, shallow aquatic habitats 
with dense submergent vegetations. 

CNDDB (2009) reports the occurrence 
of CRLF at one location in the Project 
Vicinity: Little Oregon Creek (east of 
Oregon Hill Road). The site is 
described as two spring-fed tailings 
ponds near Little Oregon Creek which 
were covered by dense blackberry 
scrub vegetation prior to a fire in 1999 
(CRLF were discovered at the site in 
2000).  USFWS (2006) has designated 
critical habitat for CRLF (habitat unit 
YUB-1) associated with this 
occurrence. 

Records were reviewed from the following sources: CAS (2009), CDFG (2009), MVZ (2009), USFWS (2005), and Vindum and Koo (1999). 

 
 
The historical range of the CRLF includes the west slope foothills of the Sierra Nevada Range, 
although there are only eight  known extant populations in the Sierra Nevada region, most of 
which contain few adults (Shaffer et al. 2004;, USFWS 2006, Tatarian and Tatarian 2010). 
 
CRLF is primarily associated with perennial ponds or pools, and perennial or seasonal streams 
where water remains long enough for breeding and development of young to occur (i.e., a 
minimum of 20 weeks) (Jennings and Hayes 1994;, USFWS 2006).  The absence or near-
absence of introduced predators such as American bullfrog (Lithobates [Rana] catesbeianus) and 
predatory fish, particularly centrarchids (i.e., bass and sunfishes), is generally predictive of 
                                                 
1  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Geological Survey 1:24,000 topographic quadrangle. 
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habitat quality (Hayes and Jennings 1988).  Freshwater wetlands, plunge pools in intermittent 
streams, seeps, and springs that are not suitable for breeding may provide habitat for aestivation, 
shelter, foraging, predator avoidance, and juvenile dispersal.  During wet periods, long distance 
dispersal of up to a mile may occur between aquatic habitats, which may require traversing 
upland habitats or ephemeral drainages (USFWS 2006). 
 
YCWA has implemented measures to minimize potential effects of Project-related recreation on 
CRLF in the vicinity of the Little Oregon Creek population. The existing Project recreation plan 
includes annual gated closure of Moran Road from October 15 – May 1 to protect CRLF, as well 
as bald eagle and to assure public safety. 
 
Existing information is not adequate to meet the goal of the study.  Information necessary to 
address the study goal includes a site specific assessment of habitat suitability for CRLF and, if 
determined to be warranted during consultation with USFWS under the ESA, results of protocol-
level surveys for CRLF (USFWS 2005) occurrence in relation to Project facilities and normal 
O&M activities that might affect CRLF. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For consultation under the ESA, the USFWS describes a “project action area” as the area directly 
or indirectly affected by the proposed action.  This area will usually be larger than the “project 
footprint” and should cover the range of impacts.  For the purposes of YCWA’s Project, the 
proposed project action area is 1 mile area around Project developments, including Project-
affected reaches.  For the purpose of this study, this includes: 1) the Middle Yuba River from and 
including Our House Diversion Dam Impoundment to the confluence with the North Yuba River, 
2) Oregon Creek from and including the Log Cabin Diversion Dam Impoundment to the 
confluence with the North Yuba River, 3) the North Yuba River from and including New 
Bullards Bar Dam Reservoir to the confluence with the Middle Yuba River, 4) the portion of the 
Yuba River from the confluence of the North and Middle Yuba rivers to the unitedUnited States 
Army Corps of Engineer’s (USACE) Englebright Reservoir; and 5) the Yuba River from 
USACE’s Englebright Dam to USACE’s Daguerre Point Dam.  These boundaries coincide with 
USFWS guidelines for CRLF habitat assessment and surveys (USFWS 2005), which advise a 
one-mile radius around the normal high water line. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   
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 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Study Methods 
 
Described below is the approach to complete a protocol-level site assessment and survey for 
CRLF. 
 
 
5.3.1 Step 1 – Field Reconnaissance and Site Assessments 
 
Known occurrences of CRLF within the study area will first be identified and mapped, based on 
agency consultation, museum records, and other existing information.  Locations of habitats in 
the study area potentially suitable for CRLF breeding will then be identified and mapped based 
on review of existing aerial photography and videography, National Wetland Inventory (NWI) 
maps, on-the-ground photographs, and other pertinent resource agency Geographic Information 
System (GIS) layers as available.  Other aquatic habitats potentially affected by the Project that 
may be utilized by CRLF for dispersal, foraging, or predator avoidance will also be identified 
and mapped. 
 
After habitat mapping is completed, a field reconnaissance of potentially suitable aquatic habitat 
will be conducted in accordance with Revised Guidance on Site Assessments and Field Surveys 
for the California Red-legged Frog (USFWS 2005).  YCWA will select locations in the study 
area for site evaluations in order to further characterize habitats.  A Habitat Site Assessment Data 
Sheet (Appendix D of USFWS 2005) will be completed at each site that is examined, along with 
photographs depicting habitat and other notable findings.  Potential habitats assessed in the field 
will be photographed from opposite directions, both up and down drainage, if possible, in order 
to document seasonal cover and foraging habitat adjacent to aquatic habitat.  Areas that do not 
appear to represent suitable habitat will not be field examined but will instead be characterized 
from aerial imagery, existing site photographs, and other existing descriptive information.  CRLF 
are typically associated with low gradient streams (Hayes and Jennings 1988), backwaters, and 
lentic habitat with emergent vegetation, although habitats lacking vegetation are sometimes used.  
Large, deep backwater pool areas; ponds, and reservoir edges with appropriate vegetation 
characteristics may constitute suitable habitat for CRLF; other potential habitats as described in 
USFWS (2005) will also be considered.  Locations for site evaluations will be selected as 
follows: 
 
 All areas of potentially suitable aquatic habitat within the existing FERC Project Boundary3. 

 Other accessible areas of potentially suitable aquatic habitat within 1.0 mile of the existing 
FERC Project Boundary. 

 
Based on this reconnaissance assessment, aquatic habitats will be mapped and characterized by 
habitat type (e.g., pond, creeks, or pool), apparent seasonality, dominant vegetation type (e.g., 
emergent or overhanging shrubs), water depth at the time of the site assessment, bank-full depth, 
stream gradient (i.e., percent slope), substrate, and description of bank.  The presence of fish, 

                                                 
3  The existing FERC Project Boundary is the area YCWA uses for normal Project operations and maintenance and is shown on 

Exhibits J, K and G of the current license. 
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non-native crayfish, American bullfrog, and other incidental observations of amphibians and, 
reptiles, and turtles will be noted.  American bullfrog occurrence will be assessed by listening for 
calls, scanning suitable areas with binoculars or spotting scope for egg masses and basking frogs, 
and looking in shallow edges for larvae.  At least one observer will walk along the shoreline 
listening and scanning ahead for jumping frogs - juvenile American bullfrogs often vocalize as 
they jump in alarm.  If site conditions warrant at sites, aquatic funnel traps (“minnow traps”) may 
also be deployed to verify the presence of American bullfrog larvae.  Funnel traps will not be 
employed in areas where CRLF may occur.  However, funnel traps will not be employed in areas 
where CRLF may occur.  If American bullfrog is detected at a publically accessible field 
reconnaissance site within the FERC Project Boundary or on NFS land, the field crew may 
extend the field reconnaissance or conduct additional surveys to determine the extent, relative 
abundance and lifestage distribution of bullfrogs at the site using the “toolbox approach” 
described by Olson and Leonard (1997).  Upland habitats will be characterized based on 
description of upland vegetation communities, land uses, and any potential barriers to CRLF 
movement. 
 
At least 30 days in advance of field assessments, YCWA will provide a notice of fieldwork to 
USFWS.  The notice will include logistics and meeting times and locations for the fieldwork and 
an invitation for USFWS to observe the fieldwork.  
 
Once the locations of CRLF habitat in the study area are defined, Project Operations staff will be 
consulted to identify Project O&M activities in those areas that typically occur and have a 
potential to adversely affect the population.  
 
A Site Assessment Report will be prepared for submittal to the United States Department of 
Interior (USDOI), Fish and Wildlife Service (USFWS).  The report will document the results of 
all site assessment, along with separate accounts of site assessments that take place on public 
land administered by the USDOI), Bureau of Land Management, and site assessments that take 
place on public land managed by the United States Department of Agriculture, Forest Service.  
The report will include the following: 
 
 Copies of data sheets 

 Copies of field notes 

 GPS data for all field reconnaissance sites 

 List of known occurrences of CRLF locations within the study area 

 Photographs of the reconnaissance sites including a map of photo locations 

 GIS map of potential CRLF habitat 

 Potential Project effects 
 
If American bullfrog is detected at a publically accessible field reconnaissance site within the 
FERC Project Boundary or on NFS land, the field crew will extend the field reconnaissance or 
conduct additional surveys to determine the extent, relative abundance and lifestage distribution 
of bullfrogs at the site using the “toolbox approach” described by Olson and Leonard (1997).  A 
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variety of active search (e.g., “visual encounter” and net capture) and passive search (e.g., 
aquatic funnel traps) techniques may be used depending on site conditions. 
 
5.3.2 Step 2 – Conduct Protocol-level Surveys (if needed) 
 
Following submittal of the Site Assessment Report to USFWS, YCWA will consult with 
USFWS to determine if Protocol-level CRLF surveys are needed.  The Site Assessment Report 
will provide a basis for discussions with USFWS regarding the potential for occurrence of CRLF 
within project-affected areas.  For areas where surveys are required, YCWA will complete the 
surveys in accordance with the Revised Guidance on Site Assessments and Field Surveys for the 
California Red-legged Frog, August 2005 (USFWS 2005).  USFWS decontamination guidelines 
will be implemented during the surveys.  
 
CRLF surveys will be completed in areas that are accessible and can be safely surveyed by a pair 
of qualified biologists.  If there are any incidental sightings of CRLF during implementation of 
any Relicensing studies, follow-up surveys will also be conducted at those locations. 
 
Protocol-level surveys consist of up to eight visits (i.e., two day visits and four night visits during 
the breeding season and one day and one night visit during the non-breeding season).  If 
necessary, survey protocols will be modified, in consultation with USFWS, to provide for safety 
of survey personnel. 
A CRLF survey report will be prepared that includes the following: 

 Copies of datasheets 

 Copies of field notes 

 GPS locations for all surveyed sites 

 Photographs of individual CRLF observed during surveys and habitats where the individual 
was observed 

 GIS map documenting the location of each individual CRLF observed during the surveys 
 
The report will be provided to USFWS for all CRLF occurrences and also to the Forest Service 
BLM for occurrences on public land administered by BLmanaged by M and to the Forest Service 
for occurrences on public lands managed by USFS.4 
 
5.3.3 Step 3 – Prepare, Format, and Quality Assurance/Quality Control Data 
 
Following field surveys, YCWA will develop GIS maps depicting CRLF occurrences, potential 
habitat, project facilities and features, and other information collected during the study.  Field 
data will then be subject to quality assurance and quality control (QA/QC) procedures, including 
spot-checks of transcription and comparison of GIS maps with field notes on locations of any 
CRLF occurrences. 
 

                                                 
4  Since this information may be considered “Confidential” by USFWS and the Forest Service, YCWA will make a summary of 

the information available to Relicensing Participants unless otherwise directed by the federal agencies. 
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5.3.4 Step 4 – Prepare Report 
 
YCWA will prepare a report for entire study that includes the following sections: 1) Study Goals 
and Objectives; 2) Methods; 3) Results; 4) Conclusions; and 5) Description of Variances from 
the FERC-approved study proposal, if any.  Confidential information will not be included in the 
report, but provided to appropriate agencies.   At a minimum, the report will provide summaries 
and maps of site habitat assessments.  If CRLF surveys are required, the following data 
presentations will be provided, along with the supporting data in Excel spreadsheet and GIS 
layers, as appropriate: 
 
 Presence/absence of species by survey period at each survey site 

 Abundance of each life stage by survey period at each survey site 

 
If YCWA observes any CRLF, YCWA will notify the USFWS within 3 working days after the 
observation. If the frog is on National Forest System (NFS) land, YCWA will also notify the 
Forest Service. 
 
For all CRLF observations, YCWA will complete the appropriate CNDDB form and transmit the 
form to the CNDDB.  If the frog is on NFS land, YCWA will provide a copy of the CRLF  
CNDDB form to the Forest Service at the same time it is submitted to CNDDB. 

 
6.0 Study-Specific Consultation 
 
The study proposal includes the following specific consultation: 
 
 YCWA will consult with USFWS regarding the known occurrence of CRLF habitat and 

populations in the study area (Step 1). 

 At least 30 days in advance of field assessments, YCWA will provide a notice of fieldwork 
to USFWS.  The notice will include logistics and meeting times and locations for the 
fieldwork and an invitation for USFWS to observe the fieldwork (Step 1).  

 YCWA will consult with USFWS regarding the results of the site assessment and need for 
CRLF surveys if potentially suitable habitat is identified (Step 2).  

 
Note that FERC has designated YCWA as its non-federal representative for Section 7 informal 
consultation under the ESA. 
 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning, Site Assessment, and Site Assessment Report (Step 1). .... March 2011 – June 20112012 
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Protocol Surveys (Step 2, if needed).July 2011 – August 20112013, April 2012–– June 20122014 
AQA/QC (Step 3, if Step 2 not needed) ........................................ September 2011 – October 2012 
QA/QC (Step 3, if Step 2 is needed)  ................................................................................. July 2014 
Consult with Project Operations Staff (Step 4) ............................................................ October 2012 
Prepare Report (Step 5) ........................................................................ October 2012 – March 2013 
Prepare Report (Supplemental, if Step 2 is needed  ............................ August 2014 – October 2014  
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California where CRLF has a potential to be affected. 
 

9.0 Level of Effort and Cost 
 
YCWA estimates that the cost to complete this study in 2011 dollars is between $105,000 to 
142,500. 
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Study 7.4 

ESA-LISTED WILDLIFE - 
VALLEY ELDERBERRY LONGHORN BEETLE 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect valley 
elderberry longhorn beetle, or VELB (Desmocerus californicus dimorphus), a species listed as 
threatened under the federal Endangered Species Act (ESA).  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes one agency has jurisdiction over VELB: 1) the United States 
Department of Interior, Fish and Wildlife Service (USFWS). 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or  (PAD (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning VELB presence and distribution 
within the existing Federal Energy Regulatory Commission (FERC) Project Boundary.1 
 
The specific objective of this study is to gather information, including: 1) identify and map the 
location of appropriate elderberry shrubs; 2) classify habitat where shrubs are found into riparian 
or non-riparian, and whether shrubs are isolated or clumped;2 and 3) classify elderberry 
(Sambucus sp.) stem size; and 4) document the presence or absence of VELB or evidence of 
VELB when surveys are performed. 
 

 

                                                 
1  The existing FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license.  
2  For the purpose of this study, riparian habitat is “the vegetation zone and other biological resources contiguous to and affected 

by surface and subsurface hydrologic features of perennial or intermittent lotic (lakes) and lentic (rivers, streams, or drainage 
ways) water bodies.” (USFWS 1997) 
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4.0 Existing Information and Need for Additional 
Information 

 
As discussed in section 7.7 of LicenseeYCWA’s Pre-ApplictaionApplication Document (PAD), 
VELB historically ranged throughout the Central Valley, extending upstream in river canyons in 
the Sierra Nevada foothills to a maximum elevation of about 3,000 feet.  VELB is completely 
dependent upon its host plant, elderberry, which is a common component of the remaining 
riparian forests and adjacent uplands.  The beetles' use of elderberries is not readily apparent; 
often the only exterior evidence is an exit hole created by the larva just prior to pupation.  The 
life cycle takes 1 or 2 years to complete with most of that time spent as larva living within the 
stems of the plant.  Adults generally emerge from late March through June, and adults are short-
lived. 
 
Existing and relevant information regarding known VELB occurrences in the Project Vicinity3 is 
available from the California Natural Diversity Database (CNDDB) (CDFG 2010).  No records 
of VELB occurrences within the Project Vicinity were located on the CNDDB.   
 
Existing information is not adequate to meet the goal of the study.  Information necessary to 
address the study goal includes a current assessment of elderberry plants and VELB in the study 
area. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs powerhouses) as well as 
Project recreation areas.  The study area will also include a buffer of 100 feet extending upslope 
from the high-water mark of the Project reservoirs and from the FERC Project Boundary around 
Project recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

                                                 
3  For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order  of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
 
 
                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3 Methods 
 
The study will be completed in seven steps: 1) map known occurrences; 2) conduct field surveys 
for elderberry plants; 3) conduct surveys for evidence of VELB; 4) prepare data and quality 
assure/quality control (QA/QC) data; 5) consult with YCWALicensee’s Pproject operations staff; 
6) consult with USFWS; and 7) prepare report.  Each step is described below. 
 
 
5.3.1 Step 1 – Map Known Occurrences 
 
LicenseeYCWA will identify and map known occurrences of elderberry plants and VELB within 
the study area for use on field maps. 
 
5.3.2 Step 2 – Conduct Field Surveys for Elderberry Plants 
 
In conjunction with the Special-Status Plants Study (Study 5.1), LicenseeYCWA will document 
all occurrences of elderberry plants within the study area with GPS and take photographs of each 
occurrence.  Occurrences will be documented by classifying the largest stem at ground level of 
the shrub into one of three categories: 1) greater than or equal to 1 inch but less than or equal to 3 
inches; 2) greater than 3 inches but less than 5 inches; and 3) greater than or equal to 5 inches 
(USFWS 1999).  LicenseeYCWA will classify the habitat surrounding the shrub as either 
riparian or non-riparian and indicate whether the shrub was isolated or part of a larger clump.   
 
LicenseeYCWA will notify USFWS within three working days if VELB are detected and within 
two weeks if beetle exit holes are detected at any location.  If the detection is on National Forest 
System land, LicenseeYCWA will also notify the Forest Service.   
 
5.3.3 Step 3 – Conduct Surveys for Evidence of VELB 
 
All elderberry shrubs with one or more stems measuring 1.0 inch or greater in diameter at ground 
level that occur within the study area must be thoroughly searched for beetle exit holes (external 
evidence of beetle presence).  The exit holes should be characterized as to whether they are 
recent (i.e., shavings may be present) or not. 
 
5.3.4 Step 4 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, LicenseeYCWA will develop GIS maps depicting VELB and elderberry 
occurrences, Project facilities and features, and other information collected during the study.  
Field data will then be subject to QA/QC procedures, including spot-checks of transcription and 
comparison of GIS maps with field notes on locations of any VELB and/or elderberry 
occurrences.  
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5.3.5 Step 5 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of VELB and elderberry in the study area are defined, Project Operations staff 
will be consulted to identify project O&M activities in those areas that have the potential to 
adversely affect the occurrences. The results of the consultation will be described in the final 
report.  
 
5.3.6 Step 6 – Consult with USFWS 
 
In instances when an elderberry plant is identified in the study area, LicenseeYCWA will consult 
with USFWS concerning potential impacts by the Project and discuss recommendations and 
further actions, if agreed necessary. 
 
5.3.7 Step 7 – Prepare Report 
 
LicenseeYCWA will prepare a report for the entire study that includes the following sections: 1) 
Study Goals and Objectives; 2) Methods; 3) Results; 4) Conclusions; and 5) Description of 
Variances from the FERC-approved study proposal, if any.  Confidential information will not be 
included in the report, but provided to appropriate agencies.   
 
If LicenseeYCWA observes any VELB, LicenseeYCWA will notify the USFWS within 3 
working days after the observation and within two weeks if beetle exit holes are detected at any 
location.  If the VELB is on National Forest System (NFS) land, LicenseeYCWA will also notify 
the Forest Service. 
 
For all VELB observations, LicenseeYCWA will complete the appropriate CNDDB form and 
transmit the form to the CNDDB.  If the VELB is on NFS land, LicenseeYCWA will provide a 
copy of the VELB CNDDB form to the Forest Service at the same time it is submitted to 
CNDDB 

 
6.0 Study-Specific Consultation 
 
The study includes the following specific consultation: 
 
 LicenseeYCWA will consult with USFWS concerning potential impacts by the Project and 

discuss recommendations and further actions, if agreed necessary, when the study is near 
completion. 

 
Note that FERC designated LicenseeYCWA as its non-federal representative for Section 7 
informal consultation under the ESA. 
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7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ............................................................................ November 2011- February 2011 
Collect Data (Step 2) .................................................................................... March 2011- July 2011 
QA/QC Review (Step 3) ............................................................................................... August 2011 
Operations Staff Consultation (Step 4)  ........................................................................ August 2011 
Study Report Preparation (Step 5) .................................................. September 2011- October 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from the USFWS, 
NFS and other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $72,000 
and $98,000. 
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Study 7.5 

CALIFORNIA ENDANGERED SPECIES ACT- 
LISTED PLANTS 

AugustApril 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an adverse effect on plants 
listed under the State of California Endangered Species Act (CESA) as endangered (SE) or 
threatened (ST). 
 
Special-status plants1 and plants listed under the federal Endangered Species Act (ESA) are 
addressed in separate study proposals: the Special-status Plants Study Proposal and ESA-Listed 
Plants Study Proposal, respectively.  Note that if a plant is listed as SE or ST but is also listed as 
threatened or endangered under ESA, that plant species is addressed under the ESA-Listed Plant 
Study Proposal – this CESA-Listed Plants Study Proposal only addresses plants listed as SE or 
ST. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that one agency has jurisdiction over CESA-listed plants in the 
geographic area included in this study proposal: 1) California Department of Fish and Game 
(CDFG). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010).PAD. CDFG’s goal, as described on page 2 of CDFG’s letter is to preserve, protect, and as 
needed, to restore habitat necessary to support native fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information to determine whether continued Project O&M or 
recreational use of Project facilities may have a measurable, adverse effect on CESA-listed plant 
species. 
                                                 
1  For the purposes of this Relicensing, special-status plants are considered those plants that are: 1) found on National Forest 

Service (NFS) land managed by the Forest Service USFS and formally listed on the Forest Service’s List of Sensitive Plant 
Species for the Plumas National Forest (FSS-P) or the Tahoe National Forest (FSS-T); 2) found on the CDFG’s list of 
California Rare (SR) species, listed under the Native Species Protection Act of 1977; 3) listed under the federal ESA as 
Proposed or a Candidate for listing as endangered or threatened; 4) listed under the CESA as proposed for listing; or 4) found 
on the California Native Plant Society (CNPS) Inventory of Rare Plants and formally listed as a CNPS 1, 2 3 or 4 plant (CNPS 
1, CNPS 2, CNPS 3, CNPS 4).   
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The objective of this study is to gather the information necessary to perform this analysis. 
 

4.0 Existing Information and Need for Additional 
Information 

 
As discussed in section 7.7 of LicenseeYCWA’s Pre-Application Document (PAD), existing and 
relevant information regarding known and potentially occurring CESA-listed plants in the 
Project Vicinity2 is available from the California Natural Diversity Database (CNDDB) (CDFG 
2009) and California Native Plant Society (CNPS) Inventory of Rare and Endangered Plants 
database (CNPS 2009).  Based on this information, LicenseeYCWA identified one plants species 
that is CESA-listed and has a reasonable potential to occur on the Project.  Table 4.0-1 provides 
the CESA-listed plant species: 1) status; 2) flowering period; 3) elevation range; 4) habitat 
requirements; and 5) documented occurrence in the Project Vicinity. 
 
Table 4.0-1.  CESA-listed plant species potentially occurring on the Yuba County Water Agency’s 
Yuba River Development Project. 

Common Name/ 
Scientific Name 

Status1 
Flowering 

Period 
Elevation 
Range (ft) 

Habitat 
Requirements 

Occurrence in 
Project Vicinity2 

Scadden Flat 
checkerbloom 
Sidalcea stipularis 

SE 
CNPS 1B 

Jul-Aug 2,297-2,395 
Marshes and swamps 
(montane freshwater) 

Unknown in Project Vicinity, 
present in Chicago Park, Grass 
Valley 

1  Special-status:  
 CNPS: California Native Plant Society listed species  
  1B:  Species considered rare or endangered in California and elsewhere  
 SE:  California Endangered Species  
2  Occurrence in Project Vicinity:  Some of the USGS topographic quadrangles are found entirely within the Project Vicinity and some are 

partially within the Project Vicinity.  Results based on CNPS nine-quadrangle search. 

 
 
None of the available reports are from surveys within the existing FERC Project Boundary.3 
 
Additional information needed to address the study goal is the specific location of CESA-listed 
plants in relation to Project facilities, normal Project O&M activities, Project recreation, and any 
other Project-related activities that might affect CESA-listed plants. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary.  This includes all 
Project facilities and features (e.g., dams, powerhouses and reservoirs powerhouses) as well as 
Project recreation areas.  The study area will also include a buffer of 100 feet extending upslope 

                                                 
2 For the purposes of the Relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or USDOI, United States Geological Survey (USGS) 1:24,000 topographic quadrangle 
3 The FERC Project Boundary is the area that LicenseeYCWA uses for normal Project operations and maintenance, and is 

shown on Exhibits J, K, and G of the current license. 
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from the high-water mark of the Project reservoirs and from the FERC Project Boundary around 
Project recreation facilities. 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Methods 
 
Study methods will consist of the following five steps: 1) gather data and prepare for field effort; 
2) conduct field surveys; 3) prepare data and quality assure/quality control (QA/QC) data; 4) 
consult with Licensee’s project operations staff; and 5) prepare report.  Each step is described 
below. 
 
5.3.1 Step 1 – Gather Data and Prepare for Field Efforts 
 
LicenseeYCWA will identify and map known occurrences of CESA-listed plants within the 
study area, and prepare field maps for use by survey teams.  The maps will include aerial 
imagery, Project features, and known CESA-listed plant occurrences.  Survey timing will be 
planned based on herbarium collection dates. 
 
5.3.2 Step 2 – Conduct Field Surveys 
 
LicenseeYCWA’s surveyors will conduct special-status plant surveys as outlined in the 
“Botanical Survey” section of the California Department of Fish and Game’s (CDFG) Protocols 
for Surveying and Evaluating Impacts to Special Status Native Plant Populations and Natural 
Communities (CDFG 2009)5. 
 
Surveys will be comprehensive over the entire study area using systematic field techniques to 
ensure thorough coverage, with additional efforts focused in habitats with a higher probability of 
supporting special-status plants (e.g., serpentine outcrops).  Surveys will be floristic in nature, 
documenting all species observed; taxonomy and nomenclature will be based on The Jepson 
Manual (Hickman 1993).   
 
In the event CESA-listed plants are found within the study area, surveyors will collect the 
following data, to the edge of the occurrence, or to ¼ mile outside the FERC Project Boundary, 
whichever is less: 
 
 Digital photographs, if needed, to describe the occurrence, its habitat, and any potential 

                                                 
5  Replaces the CDFG’s Guidelines for Assessing the Effects of Proposed Project on Rare, Threatened, and Endangered Plants 

and Natural Communities (CDFG 2000). 
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threats (at least one digital photograph will be collected for each occurrence, with other 
photographs to document potential threats, or as needed). 

 

 Estimated area (approximate length and width) covered by the CESA-listed plant population 
and estimated number of individual plants in the population.  If plant population is estimated 
to cover an area greater than 0.1 acres, surveyors will delineate the occurrence boundary 
using a handheld GPS, collecting either polygon data, or sufficient point data that a realistic 
occurrence polygon can be constructed from the point data using GIS.  For occurrences less 
than 0.1 acre in size, location of the approximate center of the occurrence taken as point data 
using a handheld GPS unit. 

 Dominant and subdominant vegetation in the area. 

 Estimated distance to nearest Project facility, feature, or Project-related activity. 

 Activities observed in the vicinity of the population that have a potential to adversely affect 
the population (e.g., recreational trails and uses). 

 Estimated phenology and descriptions of reproductive state 
 
5.3.3 Step 3 – Prepare Data and Quality Assure/Quality Control Data 
 
Following field surveys, LicenseeYCWA will develop GIS maps depicting CESA-listed plant 
occurrences, Project facilities, features, and specific Project-related impacts (e.g., dispersed use 
camping) and other related information collected during the study.  Field data will then be 
subject to QA/QC procedures, including spot-checks of transcription and comparison of GIS 
maps with field notes to verify locations of CESA-listed plant occurrences. 
 
5.3.4 Step 4 – Consult with Licensee’s Project Operations Staff 
 
Once the locations of CESA-listed plants in the study area are defined, Project operations staff 
will be consulted to identify Project O&M and Project-related activities that typically occur in 
the area of the CESA-listed plant populations that have a potential to adversely affect the 
population. 
 
5.3.5 Step 5 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  The report will include GIS maps that show by CESA-
listed plant the location in respect to Project facilities and features.  The GIS layer of CESA-
listed plants will be made available to the Forest Service if the plant is on public land managed 
by the Forest Service. 
 
LicenseeYCWA will notify CDFG within 3 working days if CESA-listed plants are detected at 
any location.  If the detection is on National Forest System (NFS) land managed by the Forest 
Service, LicenseeYCWA will also notify the Forest Service. 
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For all CESA-listed plant observations, LicenseeYCWA will complete the appropriate CNDDB 
form and transmit the form to the CNDDB.  If the detection is on NFS land, LicenseeYCWA 
will provide a copy of the form to the Forest Service. 
 
 

6.0 Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ............................................................................ November 2011- February 2011 
Collect Data (Step 2) .................................................................................... March 2011- July 2011 
QA/QC Review (Step 3) ............................................................................................... August 2011 
Operations Staff Consultation (Step 4)  ........................................................................ August 2011 
Study Report Preparation (Step 5) .......................................................................... September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for most recent FERC 
hydroelectric relicensing efforts in California, and uses standard botanical survey methods as 
defined by the CDFG. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $8,500 and 
$11,500. 
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Study 7.6 

CESA-LISTED AND FULLY PROTECTED WILDLIFE -  
CALIFORNIA WILDLIFE HABITAT RELATIONSHIPS 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) and recreation has the potential to 
affect wildlife species that are listed as either threatened (CT) or endangered (CE) under the 
California Endangered Species Act (CESA) or listed as Fully Protected (CFP) by California 
Department of Fish and Game (CDFG).   
 
Besides this study proposal, bald eagle, another CE species, is addressed in a separate study 
proposal: “CESA-Listed Wildlife - Bald Eagle.”  

 
2.0 Resource Management Goals of Agencies with 

Jurisdiction Over the Resources to be Studied 
 
LicenseeYCWA believes that one agency has jurisdiction over CESA-listed wildlife in the 
geographic area included in this study proposal: 1) California Department of Fish and Game 
(CDFG). 
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD. CDFG’s goal, as described on page 2 of CDFG’s letter is to preserve, protect, and as 
needed, to restore habitat necessary to support native fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to determine presence and distribution of CESA-listed and CFP wildlife 
species in the vicinity of the existing FERC Project Boundary,1  and Project O&M activities that 
might affect these species.   
 
The objective of the study is to query CDFG California Wildlife Habitat Relationships (CWHR) 
system to meet the study goals. 
 

                                                 
1  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory Commission 

(FERC) existing Project Boundary and the land immediately surrounding the FERC Project Boundary (i.e., within about  0.25 
mile of the FERC Project Boundary) and includes Project-affected reaches between facilities and downstream to the next 
major water controlling feature or structure.  
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4.0 Existing Information and Need for Additional 
Information 

 
Existing and relevant information regarding known and potentially occurring CT, CE and CFP 
wildlife species in the vicinity of the Project is available from the California Natural Diversity 
Database (CNDDB), CDFG, CWHR program and the United States Department of Agriculture, 
Forest Service Geological Information System (GIS) database.  Forest Service data also include 
various biological evaluations addressing CE and CT wildlife.  This information is useful in 
developing a target list of special-status species and identifying their habitat.   
 
Based on the general vegetation patterns described in the Botanical Resources section of the Pre-
Application Document (PAD), LicenseeYCWA classified wildlife habitats in the Project 
Vicinity using the CWHR program (de Becker and Sweet 1988; CDFG 2005, 2009a).  The 
CWHR model predicts wildlife use based on habitat type, age class, size class, canopy closure or 
cover, and occurrence of specific habitat elements that influence thermal cover, forage, prey 
availability, nesting, escape cover, and breeding.  LicenseeYCWA assessed upland vegetation 
with information from the Forest Service’s CalVegetation (CalVeg) mapping system, which are 
publicly available data (USDA 2004a), and the Forest Service’s Crosswalk (USFS 2004b) to 
identify habitats in the Project Vicinity.  The Crosswalk converts CalVeg Alliances into the 
appropriate CWHR habitat type. Using the identified habitat types and CWHR, LicenseeYCWA 
identified terrestrial vertebrate wildlife species potentially occurring within the Project Vicinity.  

The results of the CWHR analysis and current list of CT, CE and CFP wildlife indicate that there 
are nine wildlife species with potential to occur in the study area, including eight birds and one 
mammal (Table 4.0-1). 
 
The Forest Service reports that great grey owl (Strix nebulosa) a CE species, has been observed 
and occupied nesting activity recorded within 1 mile upslope of the Project’s Log Cabin 
Diversion Dam. 
 
Table 4.0-1.  Wildlife species listed as threatened or endangered under the California Endangered 
Species Act or listed as Fully Protected by CDFG and are known to occur or with the potential to 
occur within the study area for the Yuba River Development Project.  

Common Name 
Scientific Name 

Suitable 
Habitat Typea 

Known Occurrence in 
Project Vicinity 

State  
Statusb 

Status Reports, 
Recovery Plans 

Relevant to Project 
Vicinity 

BIRDS 

Bank swallow 
Riparia riparia 

Open and partly open habitats, frequently near 
flowing water. Nests in steep sand, dirt, or gravel 
banks, in a burrow dug near the top of the bank, 
along the edge of inland water or along the coast. 

Four occurrences found 
on CNDDB in Project 
Vicinity; three 
occurrences within Sutter 
quad and one within 
Yuba City quad (CDFG 
2010). 

CT 

Status Report 
CDFG 2005 
 

Conservation Plan 
RHJV 2004 
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Table 4.0-1.  (continued)  

Common Name 
Scientific Name 

Suitable 
Habitat Typea 

Known Occurrence in 
Project Vicinity 

State  
Statusb 

Status Reports, 
Recovery Plans 

Relevant to Project 
Vicinity 

BIRDS (continued) 

California black rail 
(Laterallus 
jamaicensis 
coturniculus) 

Inhabits freshwater marshes, wet meadows and 
shallow margins of saltwater marshes bordering 
larger bays. 

Thirty-two occurrences 
found on CNDDB in 
Project Vicinity; Browns 
Valley 2, Oregon House 
12, Smartville 19(CDFG 
2010). 

 CT,  
CFP 

Status Report 
CDFG 2005 

 

Bald eagle 
Haliaeetus 
leucocephalus 

Breeding habitat most commonly includes areas 
close to coastal areas, bays, rivers, lakes, or other 
bodies of water that reflect the general 
availability of primary food sources. 
Preferentially roosts in conifers or other sheltered 
sites in winter in some areas. 

Two occurrences found 
on CNDDB in Project 
Vicinity: One in 
Camptonville quad, and 
one in Oregon House 
quad (CDFG 2010). 

 CE, 
CFP 

Status Report 
CDFG 2005 
 

Species Profile 
USFWS 2001 
 
USFS 1988, 1990 

Golden Eagle 
Aquila chrysaetos 

Generally open country, in prairies, arctic and 
alpine tundra, open wooded country, and barren 
areas, especially in hilly or mountainous regions. 

Potentially occurs within 
suitable habitat 

CFP 
None 

 

American peregrine 
falcon 
Falco peregrinus 
anatum 

Various open habitats from tundra, moorlands, 
steppe, and seacoasts, especially where there are 
suitable nesting cliffs, to mountains, open 
forested regions, and human population centers. 

Potentially occurs within 
suitable habitat 

 CE, 
CFP 

Status Report 
CDFG 2005 
 
Species Profile 
USFWS 1999 

Great grey owl 

Strix nebulosa 

Found in or near meadows surrounded by forest 
with high density of large diameter snags and 
high canopy closure. 

Forest Service  reported 
occurrence within 1 mile 
of Log Cabin Diversion 
Dam (M. Tierney, pers. 
Comm., 2010) 

CE 
Status Report 
CDFG 2005 
 

Greater sandhill 
crane 
Grus canadensis 
tabida 

Breeds in open grasslands, marshes, marshy 
edges of lakes and ponds, and riverbanks. Roosts 
at night along river channels, on alluvial islands 
of braided rivers, or natural basin wetlands. 

Potentially occurs within 
suitable habitat 

 CT, 
CFP 

Status Report 
CDFG 2005 

 
Pacific Flyway 
Management Plan 
1997 

Swainson’s hawk 
(Buteo swainsoni) 

Breeds in grasslands with scattered trees, juniper-
sage flats, riparian areas, savannahs and 
agricultural or ranch. 

Two occurrences found 
on CNDDB in Project 
Vicinity: within Browns 
Valley and Yuba City 
quads (CDFG 2010). 

CT 
Status Report 
CDFG 2005 

 

Western yellow-
billed cuckoo 
(Coccyzus 
americanus 
occidental)s 

Riparian forest nester, along the broad, lower 
flood-bottoms of larger river systems. 

Two occurrences found 
on CNDDB in Project 
Vicinity: Yuba City 
quads (CDFG 2010). 

CE 
Status Report 
CDFG 2005 

 

MAMMALS 

Sierra Nevada red 
fox 
Vulpes vulpes 
necator 

Various habitats in alpine and subalpine zones; 
preferred habitat apparently red fir and lodgepole 
pine forests and alpine fell-fields; may hunt in 
forest openings, meadows, and barren rocky 
areas. 

One occurrence found on 
CNDDB in Project 
Vicinity: Pike quad 
(CDFG 2010). 

CT 

Status Report 
CDFG 2005 
 
CDFG 2009 

a  Nature Serve 2006 
a  Status Codes: 
 CE  Endangered: State of California listed as endangered. 
 CT Threatened: State of California listed as threatened. 
 CFP California Fully Protected. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area consists of the area within the existing FERC Project Boundary2 and an area 
extending 0.25 mile from the boundary.  This includes all Project facilities (e.g., powerhouses, 
dams, and conduits) as well as Project recreation sites (e.g., reservoirs and campgrounds).  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 

                                                 
2  The existing FERC Project Boundary is the area that LicenseeYCWA uses for normal Project operations and maintenance, 

and is shown on Exhibits J, K, and G of the current license.  
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with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will be identical to those discussed in the study proposal entitled “Special-
status Wildlife – CWHR,” but will address CE, CT and CFP wildlife species instead of special-
status wildlife species.  The study methods consist of the four steps described below. 
 
5.3.1 Step 1 – Create Maps that Include Vegetation Communities, Wildlife 

Habitats and Project Facilities 
 
LicenseeYCWA will produce maps at a scale of 1:24,000 that include CWHR habitat types, 
known protected wildlife habitats (e.g., great grey owl Protected Activity Centers [PACs]) and 
project facilities. In addition, CNDDB and USFS species occurrence data for target species will 
be included. 
 
5.3.2  Step 2 – Compile Project O&M Activities 
 
LicenseeYCWA will compile a list of Project operations and maintenance activities by facility.  
In each instance, Project Operations Staff will be consulted to describe the nature and frequency 
of Project O&M.  
 
5.3.3  Step 3 – Analysis of Habitat and Project O&M 
 
LicenseeYCWA will use the maps identified in Step 1 to identify areas within the study area in 
which CT, CE and CFP wildlife habitat and Project O&M overlap.   

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.4  Step 4 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Discussion; 4) Conclusions; and 5) Description of 
Variances from the FERC-approved study proposal, if any. 
 

6.0  Study-Specific Consultation 
 
This study does not require any study-specific consultation. 
 

7.0  Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Planning (Step 1) ................................................................................. November – December 2011 
Analysis (Step 2) .............................................................................................. January –- July 2012 
Report Preparation (Step 3) ...................................................................August –- September  2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The study methods discussed above are consistent with the study methods followed in several 
other relicensings.  The methods presented in this study plan also are consistent with those used 
in recent relicensings in California. 
 

9.0  Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $13,500 and 
$18,500. 
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Study 7.7 

CESA-LISTED WILDLIFE –  
BALD EAGLE 

AugustApril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has a potential to effect bald eagle 
(Haliaeetus leucocephalus), a species listed as endangered under the California Endangered 
Species Act (CESA). 
 
As part of this study, LicenseeYCWA will also record incidental observations of other raptors 
including but not limited to osprey (Pandion haliaetus), American peregrine falcon (Falco 
peregrines anatum), and golden eagle (Aquila chrysaetos). 
 
Habitat for California Endangered Species Act (CESA)-Listed wildlife species, including bald 
eagle, is addressed in LicenseeYCWA’s CESA-Listed Wildlife - California Wildlife Habitat 
Relationships (CWHR) Study Proposal. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction over the Resource to be Studied 

 
LicenseeYCWA believes that three agencies have jurisdiction over bald eagle that could be 
potentially affected in the geographic area covered in this study proposal:  1) the United States 
Department of Agriculture, Forest Service (Forest Service) on National Forest System (NFS) 
land; 2) United States Department of Interior, Fish and Wildlife Service (USFWS); and 3) 
California Department of Fish and Game (CDFG).  Each of these agencies and their jurisdiction, 
as understood by YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s PAD.  The Forest Service’s jurisdiction and 
management goals are not repeated here.      
 
USFWS 
The bald eagle receives federal protection under the Bald Eagle and Golden Eagle Protection Act 
and the Migratory Bird Treaty Act.  The USFWS adopted the Pacific Bald Eagle Recovery Plan 
in 1986, which encompasses a seven-state area, including California.  The following recovery 
goals were established to guide and measure population recovery: 1) a minimum of 800 breeding 
pairs, 2) average annual productivity of at least one young per active breeding pair, 3) breeding 
population goals met for at least 80% of management zones, and 4) no decline in major winter 
concentrations. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Study Goals and Objectives 
 
The goal of this study is to provide information concerning bald eagles associated with the 
Project reservoir, Project-affected stream reaches, and related Project recreation features or 
activities. 
 
The objective of this study is to gather information, including: 1) identify and map the location 
of bald eagle nesting sites; 2) document the presence of bald eagles when surveys are performed; 
3) identify important bald eagle roosting or hunting perches; and 4) compile incidental 
observations of other raptors observed while conducting the study. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.7 (Threatened, Endangered and Fully Protected Species) of YCWALicensee’s Pre-
Application Document, or  (PAD (YCWA 2010) includes existing life history information for 
bald eagle.  This information is summarized below. 
 
Most bald eagle nesting territories in California are located in elevations ranging from 1,000 to 
6,000 feet, but nesting can occur from near sea level to over 7,000 feet (Jurek 1988).  Nest trees 
typically provide an unobstructed view of an associated water body and are often prominently 
located on the topography.  The bald eagle often constructs up to five nests within a territory and 
alternates between them from year to year (USDA 2001).  Bald eagles typically nest in live trees, 
some with dead tops, and build a large (~6 ft diameter), generally flat-topped and cone-shaped 
nest usually below the top of the tree with some cover above the nest (Call 1978). 
 
Existing and relevant information regarding known and potentially occurring bald eagles in the 
Project Area1 is available from California Department of Fish and Game’s (CDFG) California 
Wildlife Habitat Relationships (CWHR) program and CDFG’s California Natural Diversity 
Database (CNDDB).  A query of the CNDDB revealed one occurrence of bald eagle within the 
Project Area.  The occurrence was within the United States Geological Survey (USGS) 
Camptonville quadrangle.  The complete results of the CNDDB and CWHR queries can be 
found within Section 7.7 of the Preliminary Information Package.  The Project has one reservoir 
(New Bullards Bar Reservoir) and two small diversion dam impoundments.   

                                                 
1  For the purposes of this document, the Project Area is defined as the area within the Federal Energy Regulatory 

Commission (FERC) existing Project Boundary and the land immediately surrounding the FERC Project 
Boundary (i.e., within about  0.25-mile of the FERC Project Boundary) and includes Project-affected reaches 
between facilities and downstream to the next major water controlling feature or structure.   



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
AugustApril 2011 RevisedProposed Study Plan CESA-Listed Wildlife - Bald Eagle 
 ©2011, Yuba County Water Agency Page 3 of 8 

During the January 13, 2010 meeting with relicensing participants, the Forest Service indicated 
that a draft Bald Eagle Management Plan had been developed and was applicable to portions of 
the Project, specifically New Bullards Bar Reservoir.  LicenseeYCWA requested a copy of the 
management plan, but has yet to receive it. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area encompasses all Project reservoirs and impoundments, and Project-affected river 
reaches plus an additional 1 mile buffer around the existing FERC Project Boundary.  For the 
purpose of this study, this includes: 1) the Middle Yuba River from and including Our House 
Diversion Dam Impoundment to the confluence with the North Yuba River, ; 2) Oregon Creek 
from and including the Log Cabin Diversion Dam Impoundment to the confluence with the 
North Yuba River, ; 3) the North Yuba River from and including New Bullards Bar Dam 
Reservoir to the confluence with the Middle Yuba River, ; 4) the portion of the Yuba River from 
the confluence of the North and Middle Yuba rivers to the United States Army Corps of 
Engineer’s (USACE) Englebright Reservoir; and 5) the Yuba River from USACE’s Englebright 
Dam to USACE’s Daguerre Point Dam.  
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 
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 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps:  1) identify and map known nest sites; 
2) winter surveys; 3) nest surveys; 4) perform quality assurance/quality control (QA/QC) review; 
and 5) prepare report.  Each step is described below. 
 
5.3.1 Step 1 – Identify and Map Known Nest Sites 
 
LicenseeYCWA will identify and map known occurrences of bald eagle sightings, nests, and 
roosts, and known occurrences of osprey sightings in the study area.  The map will be based on 
existing CWHR data, CNDDB data, discussions with Forest Service wildlife biologists, 
discussions with Project Operations Staff, and incidental sightings by field staff during fieldwork 
on the Project reservoir. 
 
 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.2 Step 2 – Winter Surveys 
 
LicenseeYCWA will conduct wintering bald eagle surveys and winter night roost surveys 
according to the Protocol for Evaluating Bald Eagle Habitat and Populations in California 
(Jackman and Jenkins 2004).  Survey methods include: 
 
 Wintering Bird Surveys.  One or two-day surveys will be conducted monthly along New 

Bullards Bar Reservoir from December through February (three surveys, at least two weeks 
apart) to capture peak wintering activity.  The January survey will be conducted during the 
two-week nationwide, mid-winter bald eagle survey coordinated state-wide by CDFG and 
University of California, Santa Cruz, Predatory Bird Research Group, unless inclement 
weather prohibits safe surveys.  The surveys will either be conducted from a helicopter or 
boat depending on weather conditions and accessibility. 

 Winter Night Roost Surveys.  Winter night roost surveys will be conducted monthly from 
December through February.  Surveys will be conducted in the afternoon/early evening in 
areas where eagles were observed wintering in an effort to identify any night roosts.  If roosts 
are located, the number of eagles will be recorded as they move from foraging to roosting 
habitat.  These locations will be revisited the following morning, one-half hour before sunrise 
for at least two hours to count the number of eagles leaving the roost.  If a stand is identified 
as a probable night roost, the area will be revisited during the day to search for any evidence 
of bald eagle use (e.g., feathers or castings) and the exact location will be recorded by GPS.  
The survey forms derived by Jackman and Jenkins (2004) will be used for both the wintering 
and night roost surveys. 

 
5.3.3 Step 3 – Nest Surveys   
 
LicenseeYCWA will conduct nesting bald eagle surveys according to the Bald Eagle Breeding 
Survey Instructions (CDFG 1999) and Protocol for Evaluating Bald Eagle Habitat and 
Populations in California (Jackman and Jenkins 2004).  Nesting territories will be checked at 
least three times during the nesting season (primarily February through July).  Survey methods 
include: 
 
 Determine Occupancy of Territories and Early Incubation.  Territories will be checked in 

early March, as weather conditions allow, in areas that have historical data available.  Data 
collected at each site will consist of: 1) presence of adults; 2) courtship behavior; 3) evidence 
of nest repair or construction; 4) incubation; 5) observation of old nests: and 5) identification 
of any new nests.  Surveys will be performed from a helicopter, GPS coordinates will be 
recorded, and photographs taken for all nests observed. 

 Confirm Occupancy of Territories and Presence of Eggs/Nestlings.  Surveys will be 
conducted in late April or early May to determine whether the breeding pair surveyed in 
March is still tending the nest (e.g., incubating eggs or tending nestlings).  The number of 
eggs/nestlings, bird behavior, and any other relevant observations will be recorded.  These 
surveys will be conducted in the same manner as the initial surveys. 
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 Determine Nest Success.  Surveys will be conducted in mid June to determine how many 
nestlings are approaching fledgling age.  These surveys will be conducted in the same 
manner as the other nesting surveys.  The CDFG California Bald Eagle Nesting Territory 
Survey Form will be utilized during all nesting surveys. 

 
In addition, during the bald eagle surveys, LicenseeYCWA will record any raptor sightings and 
nests observed, photograph the nest, and record the location using GPS.  If reasonably possible, 
LicenseeYCWA will make a determination as to whether the raptor nest is active or inactive 
during the survey year. 
 
5.3.4 Step 4 – Quality Assurance/Quality Control Data   
 
LicenseeYCWA will perform a QA/QC review of all data, including maps and sightings. 
 
5.3.5 Step 5 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any.  The study data will be compared to State-wide 
data collected by CDFG and University of California, Santa Cruz, Predatory Bird Research 
Group, during the same period. 
 
For all special-status raptor observations, LicenseeYCWA will complete the appropriate 
CNDDB form and transmit the form to the CNDDB.  If the sighting is on National Forest System 
lands, LicenseeYCWA will provide a copy of the CNDDB form to the Forest Service at the same 
time as it is submitted to CNDDB.  LicenseeYCWA will provide all bald eagle nesting nesting 
territory survey data to CDFG. 
 

6.0 Study-Specific Consultation 
 
This study includes one study-specific consultation: 
 
 LicenseeYCWA will consult with Plumas National Forest and Tahoe National Forest wildlife 

biologists and Project Operations Staff regarding the known occurrence of bald eagles and 
osprey and bald eagle nests in the study area. 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
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Planning (Step 1) ..................................................................................................... November 2011 
Field Work: Wintering Surveys (Step 2) ..................................... December 2011 – February 2012 
Field Work: Nesting Surveys (Step 3) ............................................................ February – June 2012 
QA/QC (Step 4) .............................................................................................. February – June 2012 
Data Report Preparation (Step 5)  ..................................................... July – SeptemberAugust 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California, and uses well established data from CDFG and 
other reputable sources for the analysis. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $31,500 and 
$42,500. 
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Study 7.8 

ESA/CESA-LISTED SALMONIDS 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

April August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect anadromous 
salmonid habitat suitability and availability fish species in the Yuba River downstream of United 
States Army Corps of Engineers’ (USACE) Englebright Dam.2 
 
This study focuses on two salmonid fish species listed as threatened under the federal 
Endangered Species Act (ESA): spring-run Chinook salmon (Oncorhynchus tshawytscha); and 
Central Valley steelhead (Oncorhynchus mykiss).  However, the study also addresses fall-run 
Chinook salmon and resident rainbow trout.  Although late fall-run Chinook salmon populations 
occur primarily in the Sacramento River, use of the Yuba River downstream of Englebright Dam 
by late fall-run Chinook salmon has been reported to occur (D. Massa, CDFG, pers. comm. 
2009; M. Tucker, NMFS, pers. comm. 2009).  Regarding O. mykiss, the physical appearance of 
adults and the presence of seasonal runs and year-round residents indicate that both sea-run 
(steelhead) and resident rainbow trout exist in the Yuba River downstream of Englebright Dam.  
Thus, it is recognized that both anadromous and resident life history strategies of O. mykiss have 
been and continue to be present in the river, resulting in the use of the term “steelhead/rainbow 
trout” when referring to O. mykiss in this document. 
 
Salmonid fishes upstream of Englebright Dam and non-ESA listed species downstream of 
Englebright Dam are addressed in separate studies. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over fish that could be potentially 
affected in the geographic area included in this study proposal:  1) United States Department of 
Interior, Fish and Wildlife Service (USFWS); 2) United States Department of Commerce, 
National Oceanic and Atmospheric Administration, National Marine Fisheries Service (NMFS); 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Englebright Dam was constructed by the California Debris Commission in 1941; is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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3) California Department of Fish and Game (CDFG); and 4) State Water Resources Control 
Board, Division of Water Rights (SWRCB).  Each of these agencies and their jurisdiction and 
management direction, as understood by YCWA at this time, is discussed below. 
 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or  (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.   
 
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The overall goal of this study plan is to evaluate Project-related effects on salmonid populations 
in the Yuba River downstream of Englebright Dam.  Specific objectives include:  

 Document the number, size and distribution of mesohabitats available for immigrating, 
holding and spawning adult salmonids and rearing juvenile salmonids 

 Estimate annual run-sizes of spring-run and fall-run Chinook salmon, and steelhead/rainbow 
trout  

 Characterize the temporal and spatial distributions of immigrating spring-run and fall-run 
Chinook salmon, and steelhead/rainbow trout 

 Characterize the spatial and temporal distribution of redds for spring-run and fall-run 
Chinook salmon, and steelhead/rainbow trout 

 Characterize habitat-flow relationships for spawning (see Study Plan 7-10) 
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 Evaluate water temperature suitability for spawning spring-run and fall-run Chinook salmon, 
and steelhead/rainbow trout 

 Characterize the spatial (including habitat utilization) and temporal distributions of juvenile 
rearing Chinook salmon and steelhead/rainbow trout 

 Characterize habitat-flow relationships for juvenile rearing Chinook salmon and 
steelhead/rainbow trout (see Study Plan 7-10) 

 Evaluate water temperature suitability for juvenile rearing Chinook salmon and 
steelhead/rainbow trout 

 Characterize the seasonal and annual abundances of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout 

 Characterize size structure and growth rates of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout, compared with flows and water temperatures 

 Evaluate the effects of flow fluctuations and ramping rates on the stranding (beaching and 
isolation) of juveniles, and redd dewatering of Chinook salmon and steelhead/rainbow trout 
(see Attachment 7.8A to this study proposal) 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River downstream of Englebright Dam is one of the more thoroughly studied rivers in 
the Central Valley of California. A description of existing information regarding salmonid 
populations downstream of Englebright Dam is provided in the Attachment 7.8A to this study 
proposal.  The attachment describes available field studies and data collection reports, other 
relevant documents, and ongoing data collection, monitoring and evaluation activities including 
the Yuba River Accord Monitoring and Evaluation Program (M&E Program) and other data 
collection and monitoring programs. Specifically, Attachment 7.8A summarily describes 21 
available field studies and data collection reports, 20 other relevant documents (e.g., plans, 
policies, historical accounts and regulatory compliance), 14 ongoing data collection, monitoring 
and evaluation activities for the Yuba River Accord Monitoring and Evaluation Program (M&E 
Program), and 4 other data collection and monitoring programs. 
 
Because of the information available from previously conducted studies and ongoing data 
collection and monitoring activities, particularly from the Yuba Accord M&E Program, 
additional field-based data collection is not needed to describe the salmonid fishes in the Yuba 
River downstream of Englebright Dam for the purpose of assessing potential Project effects and 
development of protection, mitigation and enhancement (PM&E) measures to be included in a 
new license for the Project.  However, compilation of the various data into a single report would 
be useful. 
 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Proposed Revised Study Plan April August 2011 
Page 4 of 76 ©2011, Yuba County Water Agency 

4.1 Listing Status, Critical Habitat Designation, and Essential Fish 
Habitat 

 
On September 16, 1999, NMFS listed the Central Valley ESU of spring‐run Chinook salmon as a 
“threatened” species (64 FR 50394 (September 16, 1999)). NMFS (64 FR 50394 (September 16, 
1999)) determined that the Central Valley Spring‐run Chinook Salmon Evolutionarily Significant 
Unit (ESU) are at risk of becoming endangered in the foreseeable future throughout all or a 
significant portion of their range.  On June 14, 2004, following a five‐year species status review, 
NMFS proposed that the Central Valley spring‐run Chinook salmon remain a threatened species 
based on the Biological Resource Team strong majority opinion that the Central Valley 
spring‐run Chinook ESU is ‘‘likely to become endangered within the foreseeable future’’ due to 
the greatly reduced distribution of Central Valley spring Chinook ESU and hatchery influences 
on natural population.  In addition, the Biological Resource Team noted moderately high risk for 
the abundance, spatial structure, and diversity Viable Salmonid Population (VSP) criteria, and a 
lower risk for the productivity criterion reflecting positive trends.  On June 28, 2005, NMFS 
reaffirmed the threatened status of the Central Valley spring‐run Chinook salmon ESU (70 FR 
37160 (June 28, 2005)). 
 
On March 19, 1998 (63 FR 13347 (March 19, 1998) NMFS listed the Central Valley Distinct 
Population Segment (DPS) of steelhead as a “threatened” species, concluding that the risks to 
Central Valley steelhead had diminished since the completion of the 1996 status review based on 
a review of existing and recently implemented State conservation efforts and Federal 
management programs (e.g., CVPIA AFRP, CALFED) that address key factors for the decline of 
this species.  On January 5, 2006 NMFS reaffirmed the threatened status of the Central Valley 
steelhead DPS (71 FR 834 (January 5, 2006)) and applied the DPS policy to the species because 
the resident and anadromous life forms of steelhead remain “markedly separated” as a 
consequence of physical, ecological and behavioral factors, and may therefore warrant 
delineation as a separate DPS (71 FR 834 (January 5, 2006)). The DPS includes all naturally 
spawned anadromous O. mykiss (steelhead) populations below natural and manmade impassable 
barriers in the Sacramento and San Joaquin Rivers and their tributaries, excluding two artificial 
propagation programs: the Coleman NFH, and Feather River Hatchery steelhead hatchery 
programs. 
 
On February 16, 2000 (FR Vol. 65, No. 32 (Wednesday, February 16, 2000)), NMFS published a 
final rule designating critical habitat for Central Valley steelhead. Critical habitat was designated 
to include all river reaches accessible to listed steelhead in the Sacramento and San Joaquin 
rivers and their tributaries in California, including the lower Yuba River upstream to Englebright 
Dam. NMFS proposed new critical habitat for spring-run Chinook salmon and Central Valley 
steelhead on December 10, 2004 (69, FR 237 (Friday, December 10, 2004)) and published a final 
rule designating critical habitat for this species on September 2, 2005 (70 FR 52590), including 
the lower Yuba River upstream to Englebright Dam. 
 
Section 305(b)(2) of the 1996 amendments to the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA) (16 USC 1801 et seq.) requires the identification of Essential Fish 
Habitat (EFH) for Federal-managed fishery species and the implementation of measures to 
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conserve and enhance this habitat.  In the Mid-Pacific Region, the Pacific Fisheries Management 
Council designates EFH and NMFS approves the designation.  EFH includes specifically 
identified waters and substrate necessary for fish spawning, breeding, feeding, or growth to 
maturity and covers a species’ full life cycle (16 USC 1802(10)).  EFH only applies to 
commercial fisheries; therefore, for this study on salmonids downstream of Englebright Dam in 
the Yuba River, the habitat utilized by all runs of Chinook salmon, but not steelhead, must be 
evaluated.  Chinook salmon habitat in the Yuba River (USGS Hydrologic Unit 18020107) has 
been identified as part of the Pacific salmon freshwater EFH (PFMC 1999).  EFH includes all 
water bodies occupied or historically accessible to Chinook salmon within the USGS HUC 
18020125.  On the North Yuba River, this extends upstream “To Salmon Creek, near Sierra 
City.”  On the Middle Yuba River this includes “The lower river, near where the North Fork 
joins,” which is downstream of YCWA’s Our House Diversion Dam, and on the South Yuba 
River this includes “1-2 miles upstream, perhaps spring run accessed the present town of 
Washington.”   (http://swr.nmfs.noaa.gov/hcd/cvschshd.htm accessed on 6/5/10). 
 
In addition to federal regulations, the California Endangered Species Act (CESA, Fish and Game 
Code Sections 2050 to 2089) establishes various requirements and protections regarding species 
listed as threatened or endangered under state law.  California’s Fish and Game Commission is 
responsible for maintaining lists of threatened and endangered species under CESA.  Spring-run 
Chinook salmon in the Sacramento River Drainage, including the Yuba River, was listed as a 
threatened species under CESA on February 2, 1999. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes the Yuba River from the Englebright Dam downstream to the confluence 
with the Feather River. 
 
If YCWA proposes an addition to the Project, the study area will be expanded, if necessary, to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 

 
The following general concepts and practices apply to the study: 
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
ESA-Listed Salmonids Below Englebright Proposed Revised Study Plan April August 2011 
Page 6 of 76 ©2011, Yuba County Water Agency 

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone USFWS, NMFS, SWRCB and CDFG to provide 
an opportunity for input regarding how to address the variance.  Licensee will issue an e-mail 
to the Relicensing Contact List advising them of the resolution of the variance.  Licensee will 
summarize in the final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
This study will consist of the following four steps: 1) compile data from previously conducted 
studies; 2) compile ongoing data collection and information; 3) conduct the analyses necessary to 
accomplish the previously stated goals and objectives; and 4) prepare report. 
 
 

                                                 
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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5.3.1 Step 1 – Compile Data from Previously Conducted Studies 
 
Information regarding salmonid populations in the Yuba River downstream of Englebright Dam 
will be obtained from previously conducted studies, including the dates and locations of data 
collection to the extent possible.  Previously collected information also includes life history 
strategy (e.g., anadromy vs. residency), size and growth, abundance, lifestage-specific spatial and 
temporal distributions, flow and water temperature effects, physical habitat conditions, 
population age structure, habitat-flow relationships, and habitat utilization. Information from 
previously conducted studies will provide context regarding long-term trends in population 
dynamics, as well as additionally contribute to the suite of information currently being obtained 
through ongoing data collection, monitoring, and evaluation activities. Additionally, flow and 
water temperature information will be compiled from available records corresponding to dates 
and locations of salmonid species previously collected, and reported to examine potential 
relationships between flow and water temperature, other abiotic variables, and species-specific 
population metrics. 
 
5.3.2 Step 2 – Compile Ongoing Data Collection and Information 
 
Data collected during the Yuba Accord M&E Program will be compiled in an electronic database 
for this study plan report. The M&E Program includes data and information obtained from the 
CDFG Scale Aging Program, CDFG Angler Surveys, and the CDFG Steelhead Acoustic 
Tagging and Tracking Survey. In addition, data and information from the YCWA Lower Yuba 
River Redd Dewatering and Fry Stranding Monitoring and Evaluation study will be compiled 
(refer to Attachment 7.8A). Data compilation and analyses conducted by the RMT for the Yuba 
Accord M&E Program will be obtained and utilized from the following ongoing monitoring and 
evaluation activities associated with the M&E Program Protocols and Procedures: 
 
 Flow and Water Temperature Monitoring 

 Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

 Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

 2-D Hydrodynamic Modeling – physical habitat dynamics and availability 

 Mesohabitat Classification – physical habitat characterization 

 Riparian Vegetation Mapping – juvenile rearing habitat characterization 

 Acoustic Tagging and Tracking – Chinook salmon immigration and holding  

 VAKI™ Riverwatcher Monitoring – adult immigration, temporal distribution 

 Redd Surveys – spawning spatial and temporal distribution, habitat utilization  

 Carcass Surveys – spawning stock escapement estimation 

 Snorkel Surveys – juvenile rearing, spatial/temporal distribution, habitat utilization 

 Rotary Screw Trapping (RST) – juvenile emigration, temporal distribution 

 Genetic Sampling and Characterization – Chinook salmon run differentiation 

 Otolith Sampling and Characterization – natal stream origin, growth, age, and size 
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In addition, the results of other relevant studies pertinent to anadromous salmonids below 
Englebright Dam proposed in the ILP will be incorporated and integrated into the report prepared 
for this study plan.  Applicable and relevant results emanating from ILP studies conducted 
downstream of Englebright Dam potentially include: Channel Morphology Downstream of 
Englebright Dam (Study 1.2); Water Balance/Operations Model (Study 2.2); Water Quality 
(Study 2.3); Water Temperature Monitoring (Study 2.5); Water Temperature Model (Study 2.6); 
Aquatic Macroinvertebrates Downstream of Englebright Dam (Study 3.2); Non-ESA-Listed Fish 
Populations Downstream of Englebright Dam (Study 3.9); ; Riparian Habitat Downstream of 
Englebright Dam (Study 6.2); Narrows 2 Powerhouse Intake (Study 7.2); Instream Flow for 
Steelhead and Chinook Salmon Downstream of Englebright Dam 9Study 7.10); and Assessment 
of Narrows 2 Powerhouse as a Barrier to Anadromous Fish Upstream Migration (Study 7.11). 
 
5.3.3 Step 3 – Conduct Analyses 
 
This study plan will present data compilations and analyses conducted by the RMT, CDFG, and 
YCWA described above pertaining to relevant components associated with the previously stated 
goals of this study plan.  M&E Program data compilations and analytic methods addressing 
Chinook salmon and steelhead/rainbow trout mesohabitats, abundance, spatial and temporal 
distributions of adult immigration, redds, spawning, juvenile rearing and emigration, size and 
growth, and potential relationships with flows and water temperatures will follow the specific 
analytic methods described in the Yuba Accord M&E Program (refer to 
www.yubaaccordrmt.com). 
 
5.3.4 Step 4 – Prepare Report 
 
The report for this study plan will be a synthesis of data presentation and characterization of the 
analytics included in the Yuba Accord M&E Program (www.yubaaccordrmt.com), as well as 
from the other relevant ongoing studies described above, pertaining to relevant components 
associated with the previously stated goals of this study plan. LicenseeYCWA anticipates that 
the RMT will complete a draft M&E Program report by October 2012; the RMT is charged, 
through the fisheries agreement of the Yuba Accord, with the completion of a final M&E 
Program report prior to 2016. In the event that it becomes apparent that the RMT will not 
complete the draft report by October 2012, the LicenseeYCWA will undertake the completion of 
the relevant components of the draft report. 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study, if any.  The report will contain relevant summary data, tables 
and graphs.  
 

6.0 Study-Specific Consultation 
 
FERC designated LicenseeYCWA as its non-federal representative for informal consultation 
under Section 7 of the ESA.  LicenseeYCWA will consult with NMFS. 
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In addition, LicenseeYCWA will consult with the Yuba Accord RMT to use data obtained by the 
RMT through implementation of the M&E Program, in support of this study proposallan. 

 
7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Compile Data from Previous Studies (Step 1) ......................................... October 2011 - May 2012 
Compile Data from Ongoing Studies (Step 2) ................................................... May - August 2012 
Analysis (Step 3) ....................................................................................... August - September 2012 
Prepare Report (Step 4) ........................................................................................... September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methods presented in this study plan are consistent with other generally accepted scientific 
study methods concerning anadromous salmonid population assessments, including those 
conducted by the Resource Agencies in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $270,000 
and $350,000. 
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ATTACHMENT 7.8A 
TO 

ESA/CESA-LISTED SALMONIDS DOWNSTREAM  
OF ENGLEBRIGHT DAM  

STUDY PROPOSAL 
 

AVAILABLE FIELD STUDIES AND DATA COLLECTION REPORTS 

CDFG. 1978. Yuba River Steelhead, Yuba County. Technical Memorandum, prepared by R. 
Rogers, CDFG Region 2, Rancho Cordova, California.  

 During the winter of 1975-76, records of steelhead caught, size, and angling effort in the 
lower Yuba River were acquired through angler survey questionnaires.  All O. mykiss 14 in. 
total length (TL) or longer were considered steelhead, and O. mykiss less than 14 in. were 
considered resident rainbow trout. Monthly catch rates estimates were divided by various 
assumed harvest rates to devise population estimates.  This technical memorandum suggested 
a reasonable population estimate of 2,000 steelhead, given the methods and assumptions 
utilized.  This technical memorandum also suggested that a good fall-run and winter-run of 
steelhead occurred, indicating the stocking program of O. mykiss during the 1970s had been 
successful and Yuba River steelhead habitat had improved since completion of New Bullards 
Bar Dam.  

CDFG. 1984. Yuba River Steelhead Run During Winter of 1976-77. Technical Memorandum, 
prepared by R. Rogers, CDFG Region 2, Rancho Cordova, California.  

During the winter of 1976-77, CDFG and USFWS conducted trapping for marking and 
tagging and a creel survey to estimate size and timing of the steelhead spawning run, origin 
of spawners (wild vs. hatchery), harvest rate and catch rate by anglers.  Upstream migrant 
steelhead were trapped at a weir located on the lower Yuba River 6 miles upstream from the 
confluence with the Feather River that was fished continuously from September 23, 1976 to 
March 6, 1977. Each morning and evening steelhead in the trap were marked or tagged, 
checked for sex, length, general condition, amount of dorsal fin wear, and scale samples were 
taken before being released upstream.  All O. mykiss observed were equal to or greater than 
16 in. fork length (FL), and were therefore considered to be steelhead rather than resident 
rainbow trout.  

Population estimates based on the Peterson tag-recapture method resulted in an estimate of 
494 steelhead in the annual run, although this technical memorandum acknowledged that 
much of the annual run was not sampled, that sampling was conducted during an extreme 
drought year, and that an estimate of the normal steelhead run as about 2,000 fish seems 
reasonable. 
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Two migration peaks of steelhead wereas observed, one in October and one in February. 
Average fork length of 69 males measured was 24.8 in. with a range of 16 to 33 in.  Average 
fork length of 77 females measured was 23.6 in. with a range of 16 to 30 in. From dorsal fin 
wear, 49 percent % of the steelhead observed were judged to be of hatchery origin, although 
this technical memorandum stated that designating origin of steelhead according to fin wear 
is not entirely reliable. From scale analysis, 50% of the fish were judged to be of wild origin, 
although this technical memorandum also acknowledged that information on the origin of 
fish (wild vs. hatchery) is inconclusive. 

This technical memorandum stated that fishing for steelhead trout on the lower Yuba River 
has improved considerably since New Bullards Bar Reservoir filled in 1970.   

CDFG. 1991.  The Lower Yuba River Fisheries Management Plan Final Report. The Resources 
Agency, CDFG, Stream Evaluation Report No. 91-1. February 1991. 

Between 1986 and 1988, the California Department of Fish and Game (CDFG) and its 
contractor (Beak Consultants Inc. 1989) conducted a comprehensive  series of detailed 
studies addressing fish community structure, fish populations, fish passage, flow-habitat 
relationships, water temperature, water quality,  riparian habitat, and diversion impacts.  
These studies were conducted in four reaches of the lower Yuba River: (1) Narrows Reach 
extending  approximately 2.2 miles below Englebright Dam and downstream of the Narrows 
1 and Narrows 2 powerhouses; (2) Garcia Gravel Pit Reach beginning downstream of the 
Narrows Reach and extending to the DPD located 12.5 miles downstream of Englebright 
Dam; the (3) DPD Reach extending 7.8 miles to the downstream terminus of the Yuba 
Goldfield; and (4) the remaining 3.5 miles below the Simpson bridge to the confluence with 
the Feather River in the town of Marysville.  The results of these studies led to the 
development of CDFG’s The Lower Yuba River Fisheries Management Plan Final Report in 
1991. 

Assessment of the fish community structure within the lower Yuba River included the 
estimation of fish species composition, relative abundance, and distribution parameters using 
electrofishing and snorkel survey techniques.  Both methods were used because of their 
utility in addressing different informational needs of the study.  Snorkeling surveys allowed 
for the characterization of juvenile salmonid habitat during spring months that were 
otherwise inaccessible to boat electrofishing, such as shallow near-shore and riffle areas.  
Electrofishing was conducted primarily to assess those species that were underrepresented in 
snorkel surveys.   

Combined results from the electrofishing and snorkeling surveys resulted in the 
documentation of 15 fish species in the lower Yuba River.  Chinook salmon and steelhead 
were observed in all river reaches downstream of the Englebright Dam, and were the only 
fish species observed in the Narrows Reach. Chinook salmon were the most abundant of all 
fish species in the lower Yuba River representing 49% of total number of fish observed, 
followed by steelhead/rainbow trout representing 22% of the total number of fish observed.   
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A total of 1,707 fish were collected by electrofishing with increasing species diversity in the 
downstream direction. Only Chinook salmon and two other fish species were captured in the 
Narrows Reach.  Diversity was greater in the Garcia Gravel Pit Reach including Chinook 
salmon, steelhead/rainbow trout, and seven other species.  Chinook salmon also were 
collected in the DPD Reach, although steelhead/rainbow trout were not.  Relative abundance 
estimates from electrofishing indicated Chinook salmon and Sacramento sucker were the 
most abundant species, comprising 49% and 32% of total electrofishing efforts, respectively. 
Steelhead/rainbow trout represented less than 1% of lower Yuba River abundance. 

A total of 8,815 fish were observed during snorkeling surveys. Chinook salmon and 
steelhead/rainbow trout were present in all four reaches and were the only fish observed just 
below Englebright Dam in the Narrows Reach. Snorkel survey abundance estimates 
suggested that Chinook salmon were the most abundant fish species in the lower Yuba River 
representing 49% of all fish observed, and steelhead/rainbow trout comprised 22% of total 
observations.  

CDFG (1991) reported that a small spring-run Chinook salmon population historically 
occurred in the Yuba River but the run virtually disappeared by 1959.  As of 1991, a remnant 
spring-run Chinook salmon population reportedly persisted in the lower Yuba River 
maintained by fish produced in the lower Yuba river, fish straying from the Feather River, or 
fish previously and infrequently stocked from the Feather River Hatchery.  CDFG (1991) 
reported that adult spring-run Chinook salmon migrate into the lower Yuba River beginning 
in March extending into July, spend the summer in deep pools in the Narrows Reach, and 
spawn from early to mid-September into November.  Spring-run Chinook salmon juvenile 
rearing reportedly occurred in off-channel areas, and emigration occurred as fry within a few 
weeks of emergence or as larger juveniles as late as June.   

CDFG (1991) reported that approximately 200 steelhead/rainbow trout spawned in the lower 
Yuba River annually prior to 1970. During the 1970s, CDFG annually stocked hatchery 
steelhead from the Coleman National Fish Hatchery into the lower Yuba River, and by 1975 
estimated a run size of about 2,000 fish (CDFG 1991).  CDFG stopped stocking steelhead 
into the lower Yuba River in 1979. CDFG (1991) reported that steelhead enter the lower 
Yuba River as early as August, migration peaks in October through February, and may 
extend through March.  A run of “half-pounder” steelhead reported occurred from late-June 
through the winter months.  Spawning reportedly occurred from January through April with 
egg incubation occurring from January through May, with fry emerging between February 
and June. CDFG (1991) reported that juvenile steelhead reared throughout the year but, 
unlike Chinook salmon in the lower Yuba River, may spend from one to three years in 
freshwater before emigrating primarily from March to June.  CDFG (1991) indicated that 
most juvenile steelhead rearing occurred above DPD in the Garcia Gravel Pit Reach.   

CDFG (1991) reported that adult Chinook salmon densities were greatest in riffle and deep 
pool habitats, whereas juvenile Chinook salmon and steelhead/rainbow trout were highest in 
the fast flowing riffle and run/glide habitats.   
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Microhabitat use criteria were developed to address habitat-flow relationships in the lower 
Yuba River for the Chinook salmon spawning, fry, and juvenile rearing lifestages.  Substrate 
criteria used frequency of observation of dominant substrate particle size, whereas water 
depth and velocity criteria were developed by applying the non-parametric tolerance limits 
method to the frequency-of-use distribution measurements taken on the lower Yuba River.  
CDFG (1991) considered spawning gravel resources in Garcia Gravel Pit and DPD reaches 
of the lower Yuba River to be excellent, and also recommended future habitat improvement 
including construction of shallow rearing areas and off-channel habitat to increase survival of 
fry and juveniles.   

CDFG (1991) also conducted riparian vegetation mapping of lower Yuba River plant 
communities within the study area.  Three plant communities (blue oak/digger pine 
woodland, riparian forest, and grassland/agriculture), one topographic feature (hydraulic 
mine tailings), and one urban region were mapped.  Riparian vegetation accounted for 56% 
of the total lineal shoreline coverage downstream of Englebright Dam.  

SWRI, JSA, and BE. 2000. Hearing Exhibit S-YCWA-19. Expert Testimony on Yuba River 
Fisheries Issues. Prepared for the California State Water Resources Control Board Water Rights 
Hearing on Lower Yuba River February 22-25 and March 6-9, 2000.  

The SWRI et al. (2000) document summarized data collection in the lower Yuba River 
obtained from 1992 through 2000. Since 1992, Jones and Stokes Associates (JSA) biologists 
conducted fish population surveys in the lower Yuba River used snorkel surveys to determine 
annual and seasonal patterns of abundance and distribution of juvenile Chinook salmon and 
steelhead during the spring and summer rearing periods. The SWRI et al. (2000) report stated 
that in general, juvenile Chinook salmon were observed by snorkeling throughout the river 
but with higher abundances above DPD. This report suggested that higher abundances above 
DPD may have been due to larger numbers of spawners, greater amounts of more complex, 
high quality cover, and lower densities of predators such as striped bass and American shad, 
which reportedly were restricted to areas below the dam. 

Chinook Salmon 

The SWRI et al. (2000) report stated that in 1992, beach seining surveys were conducted to 
measure lengths and weights of juvenile Chinook salmon at several locations in the lower 
Yuba River upstream and downstream of DPD. Beach seining was conducted at four sites 
(two upstream and two downstream of DPD) at weekly intervals from April 30, 1992 to June 
5, 1992. Weekly measurements of lengths and weights were also taken from emigrating 
juvenile Chinook salmon at the Hallwood-Cordua fish screen during this period. Major 
findings of the 1992 surveys were summarized in SWRI et al. (2000) as follows. 

 Juvenile salmon in the lower Yuba River exhibited significant growth in 1992. The 
average fork length at the Parks Bar site increased from 51.0 mm on May 1 to 69.1 mm 
on May 29, for an average growth rate of approximately 0.65 mm per day. Although 
accurate estimates of growth were not possible at other sites because of small sample 
sizes, the average sizes of juvenile on specific sampling dates both upstream and 
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downstream of DPD were consistent with relatively rapid growth based on generalized 
growth curves for Chinook salmon. 

 The seining data indicated a general increase in the size of juvenile Chinook salmon with 
distance downstream on any given date, possibly reflecting downstream movement of 
larger fish. 

 Emigrating Chinook salmon salvaged at the Hallwood-Cordua fish screen were larger on 
any given date and encompassed a narrower size range (64.6 mm on April 30 to 77.5 
mm on June 4) than Chinook salmon sampled above DPD. Although differences in 
efficiency existed between beach seining and the fish screen, the larger, more consistent 
size of emigrating juveniles compared to juveniles sampled in the river is consistent with 
the general knowledge that smolt migrations begin after the fish reach a certain size. 

The SWRI et al. (2000) report stated that in 1993, high flows precluded the use of beach 
seines, although direct observations of juvenile Chinook salmon during monthly snorkel 
surveys (March 2, 1993 through August 10, 1993) revealed increases in the average size of 
juvenile salmon from 30-40 mm in early March, to approximately 60-70 mm by mid-June. 
Significant numbers of juvenile Chinook salmon continued to rear in the lower Yuba River 
through August, attaining average sizes of 70-80 mm and maximum sizes up to 120 mm. The 
apparent slower growth rates, longer residence periods, and later emigration timing in 1993 
compared to 1992 were consistent with the hypothesis that emigration readiness is 
determined, at least in part, by the effects of water temperature of growth and development of 
young Chinook salmon during the spring rearing period. SWRI et al. (2000) reported that 
beach seine surveys were again conducted in 1994 at several locations upstream and 
downstream of DPD. The growth rates and body sizes of juvenile Chinook salmon on 
specific dates appeared to be similar to those observed in 1992. 

SWRI et al. (2000) reported that individual lengths and weights of juvenile Chinook salmon 
in 1992 and 1994 were used to calculate condition factors. During the 1992 and 1994 
surveys, fish were also examined for the presence of outward signs of stress (i.e., physical 
abnormalities, lesions, parasites).  In 1992, juvenile Chinook salmon exhibited good 
condition factors at all locations throughout the sampling period (average condition factor 
ranged from 1.01 to 1.21 among all sampling sites and dates). SWRI et al. (2000) suggested 
that growth conditions were better in 1992 than in 1994. In 1994, average condition factors 
among all sampling sites and dates ranged from 0.95 to 1.05. No outward signs of stress were 
observed either in 1992 and 1994. 

The SWRI et al. (2000) report stated that based on daily records of the number of Chinook 
salmon salvaged at the Hallwood-Cordua canal fish screen, the spring emigration period of 
juvenile salmon can begin as early as mid-April and continue until mid-June. However, it 
was noted that CDFG had not initiated salvage operations early enough in the season to 
sufficiently address the overall outmigration period. For the sampling that had been 
conducted, SWRI et al. (2000) reported that most juvenile Chinook salmon emigrated past 
DPD in April and May with peak numbers in early to late May. However, of all fish sampled, 
the median date of emigration past the dam (date when 50% of the total number of fish were 
collected at the Hallwood-Cordua fish screen) varied from late April to early June and was 
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positively related to average April-May flow measured at the Smartsville gage.  The report 
also stated that, in general, the median date of outmigration was delayed approximately 7-8 
days with each 1,000-cfs increase for flows ranging from 400 cfs to 4,000 cfs, and that 
emigration timing during 1992-1994 continued to follow that relationship. 

SWRI et al. (2000) suggested that the relationship between flow and emigration timing may 
reflect the effect of spring water temperatures on salmon growth rates and readiness to 
migrate; low water temperatures associated with high flows during the spring rearing period 
result in slower growth rates and later emigration. Conversely, higher water temperatures 
associated with lower flows result in higher growth rates and earlier emigration. SWRI et al. 
(2000) also suggested that observations of extended rearing of juvenile Chinook salmon into 
the summer months in high-flow years and the consistent size of emigrating juvenile 
Chinook salmon at the Hallwood-Cordua fish screen also support that relationship. 

Steelhead/Rainbow Trout 

The SWRI et al. (2000) report stated that since 1992, snorkeling, electrofishing, and angling 
surveys revealed the presence of large numbers of juvenile steelhead/rainbow trout in the 
lower Yuba River. This report suggested that the presence of a highly-acclaimed sport 
fishery, the lack of direct hatchery influence, and the presence of juveniles represented by a 
number of age classes confirmed that significant natural spawning and rearing of 
steelhead/rainbow trout occurred in the lower Yuba River. The physical appearance of adults 
and the presence of seasonal runs and year-round residents suggested that both sea-run 
(steelhead) and resident rainbow trout existed in the lower Yuba River, although no definitive 
characteristics had been identified to distinguish young steelhead from resident trout. 
Therefore, observations presented in the SWRI et al. (2000) report may apply to juveniles of 
either or both steelhead and resident rainbow trout, as summarized below. 

 The primary spawning and rearing habitat for juvenile steelhead/rainbow trout is 
upstream of DPD. In 1993 and 1994, snorkeling surveys indicated that the population 
densities and overall abundance of juvenile trout (age 0 and 1+) were substantially 
higher upstream of DPD, with decreasing abundance downstream of DPD. In 1992, a 
general increase in the average size of juvenile trout in seine catches from the uppermost 
to the lowermost monitoring sites suggested a similar distribution pattern. 

 Since 1992, a broad range of trout size classes have been observed in the lower Yuba 
River during spring and summer snorkeling, electrofishing, and angling surveys. 
Juvenile trout ranging in size from 40-150 mm were commonly observed upstream of 
DPD. Numerous larger juveniles and resident trout up to 18 inches long were also 
commonly observed in the mainstem upstream and downstream of DPD. 

 The 1999 results of the juvenile steelhead study suggested that the highest abundance of 
young-of-the-year steelhead occurred above DPD despite suitable flow and water 
temperatures below the dam. Age 0 (young-of-the-year) trout were clearly shown by the 
distinct mode in lengths of fish caught by electrofishing (40-100 mm fork length). A 
preliminary examination of scales indicated that most yearling (age 1+) and older trout 
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were represented by fish greater than 110 mm long, including most if not all of the fish 
caught by hook and line. The sizes of age 0 and 1+ trout indicated substantial annual 
growth of steelhead/rainbow trout in the lower Yuba River. Seasonal growth of age 0 
trout was evident from repeated sampling of trout in 1992 and 1999, but actual growth 
rates could not be estimated because of continued recruitment of fry (newly-emerged 
juveniles) or insufficient sample sizes. 

 Approximately 200 juvenile trout in 1992 and 1,100 trout in 1999 were measured, 
weighed, and examined to determine their general health and condition. All trout 
appeared healthy and in good physical condition. Like salmon, condition factors for 
juvenile trout increased with increasing size. In spring 1992, average condition factors 
for age 0 trout (48-82 mm average fork length) ranged from 1.07 -1.34. In summer 1999, 
average condition factors for age 0 trout (43-60 mm average fork length) ranged from 
0.89-1.03, while those of age 1+ and older trout (156-420 mm fork length) averaged 
1.13. 

The SWRI et al. (2000) document also developed proposed minimum instream flow 
requirements which built upon additional information developed since 1992, including fish 
habitat utilization and detailed analyses of fish habitat-flow relationships and water 
availability. Development of the proposed instream flow requirements was based primarily 
on: (1) updated information characterizing Yuba River Basin hydrology and water year type 
classification; (2) water availability assessments for lower Yuba River instream flows, based 
on five water year types; (3) updated and additional lower Yuba River fishery information; 
(4) improved flow-temperature relationships for the lower Yuba River; and (5) a definition of 
maintaining lower Yuba River fish resources in “good condition.” 

CDFG. 2002. Sacramento River Spring-run Chinook Salmon. 2001 Annual Report. Prepared for 
the Fish and Game Commission. Habitat Conservation Division, Native Anadromous Fish and 
Watershed Branch. October 2002. 

CDFG (2002) summarized information from limited upstream migration surveys conducted 
during 2001, reconnaissance-level redd surveys conducted during 2001 and 2002, and rotary 
screw trapping during 2001-2002. CDFG (2002) reported that despite limited information on 
the population size of spring-run Chinook salmon in the lower Yuba River, data at that time 
indicated that adult escapement of spring-run Chinook salmon was relatively low and had 
been greatly reduced from historical levels.  Prior to 2001, when CDFG conducted a study to 
estimate the number of adult spring-run Chinook salmon immigrating into the Yuba River by 
trapping fish in the fish ladder at DPD, there was almost no specific information on the run 
timing and size of the population in the lower Yuba River (CDFG 2002). In the 2001 CDFG 
study, which involved limited sampling of fish ascending the north ladder at DPD, a total of 
108 adult Chinook salmon were estimated to have passed the dam between March 1, 2001, 
and July 31, 2001 (CDFG 2002). 

Based upon reconnaissance-level redd surveys conducted by CDFG on the lower Yuba River 
from the Narrows pool downstream to DPD from August 31 to September 28, 2001, CDFG 
(2002) reported that the first redd was observed on September 7, 2001, and a total of 288 
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redds were observed.  They also reported that 205 redds were observed in the lower Yuba 
River during the same time period in 2000. CDFG (2002) suggested that spring- and fall-run 
Chinook salmon were restricted to spawning in the same reach of the lower Yuba River.  

Rotary screw trap operations were conducted during the 2001-2002 season to document the 
outmigration patterns of juvenile salmonids in the lower Yuba River.  Data collected 
included timing, duration, and size of all Chinook salmon at the time of emigration. Although 
spring- and fall-run spawning occurred in the same physical location, initial length-frequency 
data from juveniles captured in the rotary screw trap indicated the presence of both a 
dominant fall-run and a smaller population of spring-run Chinook salmon CDFG 2002).  
Spring-run Chinook salmon were determined by size-at-date differences through the 
operation of the rotary screw trap. A total of 6,719 juveniles classified as spring-run Chinook 
salmon were captured between November 10, 2001 and May 8, 2002. These juvenile 
Chinook salmon sized ranged from 26mm FL to 108mm FL. 

Lower Yuba River Water Transfer Monitoring Reports 2001 – 2004 

The summaries below regarding recent water transfer studies conducted on the lower Yuba River 
were derived from the following sources:  

YCWA and SWRCB. 2001. Environmental Assessment: Proposed Temporary Transfer of 
Water From Yuba County Water Agency to DWR, Year 2001. Prepared for Yuba County Water 
Agency and the State Water Resources Control Board by EDAW.  

YCWA. 2003. Draft Evaluation of 2002 Yuba River Water Transfers. Prepared for Yuba County 
Water Agency by Surface Water Resources, Inc. January 28, 2003.  

YCWA. 2005. Evaluation of the 2004 Yuba River Water Transfers, Draft. Prepared for Yuba 
County Water Agency by Surface Water Resources, Inc.  

Water transfers and related monitoring studies and evaluations were performed in the lower 
Yuba River during 2001, 2002, and 2004.  The primary fisheries issues evaluated by these 
studies included: (1) juvenile steelhead downstream movement; (2) adult Chinook salmon 
immigration and the potential for increased straying of non-native fish into the lower Yuba 
River; and (3) water temperatures in the lower Yuba River and Feather River. 

The 2001 water transfers (172,000 acre-feet) occurred between approximately July 1, 2001 
and October 14, 2001.  Over a few days, flows increased by about 1,200 cubic feet per 
second (cfs) and were generally sustained in the lower Yuba River through late August when 
ramp-down began.   

The 2002 water transfers (157,050 acre-feet) occurred from mid-June through mid-
September and did not have a definitive ramp-up period.  Instead, the relatively high flows 
that occurred during spring were sustained until initiation of the water transfers.  Relatively 
stable flows of approximately 1,200 to 1,400 cfs at the Marysville gage were maintained 
through August 16, 2002.  The ramp-down period associated with the water transfers began 
on August 17, 2002 and ended on September 16, 2002.  
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The 2004 water transfers (100,487 acre-feet) lacked a definitive ramp-up period.  The 
relatively stable high June flows averaged 946 cfs at Marysville and were sustained through 
the initiation of the transfers (July 1) to the cessation of transfers on August 28, when flows 
were approximately 970 cfs at Marysville.  Although the water transfers continued through 
September, a short ramp-down period occurred from August 28, 2004 through September 1, 
2004, when flows at the Marysville gage were reduced to 531 cfs.  Flows remained low and 
stable during the rest of September, averaging approximately 513 cfs. 

Juvenile Steelhead/Rainbow Trout Non-Volitional Downstream Movement 

Previous reporting of the water transfer studies used the term steelhead when referring to O. 
mykiss juveniles.  However, it is recognized that both anadromous and resident lifehistory 
strategies of O. mykiss have been and continue to be present in the lower Yuba River, and 
that definitive distinction of juveniles between these lifehistory strategies were not previously 
conducted.  Therefore, the following summaries use the term “steelhead/rainbow trout” when 
referring to O. mykiss.  

The 2001 water transfer was characterized by a relatively large, rapid ramp-up period.  A 
week subsequent to the start of the 2001 water transfers, the daily catch at the CDFG 
Hallwood Boulevard (RM 7) RST increased from less than 10 young-of-the-year (YOY) 
steelhead/rainbow trout juveniles per day, to more than 450 YOY per day (CDFG 
unpublished data).  The next week, daily catches decreased to about 190 YOY per day and 
continued to further decrease during the following weeks while the transfers were continuing, 
but still surpassed catches prior to the water transfers, suggesting that juvenile 
steelhead/rainbow trout moved from the upstream reaches of the lower Yuba River to areas 
downstream of Hallwood Boulevard.   

In response to these observations, an instream flow release schedule for the water transfers 
was created by YCWA, NMFS, USFWS, and CDFG to avoid a rapid increase in flow when 
the transfers begin, and to minimize or avoid potential impacts on anadromous fish in the 
lower Yuba River associated with non-volitional downstream movement. During the 2002 
and 2004 water transfers, YCWA maintained instream flows in the lower Yuba River at a 
relatively stable rate in the late spring, with gradual changes in flow rates through initiation 
of the water transfer. Monitoring data (RST catch data) indicated that the large peak in 
downstream movement of juvenile steelhead/rainbow trout observed in 2001 did not occur in 
2002 or 2004.   

Water transfer monitoring in 2001, 2002, and 2004 indicated that the character of the 
initiation of the water transfers could potentially affect juvenile steelhead/rainbow trout 
downstream movement. Based upon the substantial differences in juvenile steelhead/rainbow 
trout downstream movements (RST catch data) noted between the 2001 study, and the 2002 
and 2004 studies, it was apparent that the increases in juvenile steelhead/rainbow trout 
downstream movement associated with the initiation of the 2001 water transfers were 
avoided due to a more gradual ramping-up of flows that occurred in 2002 and 2004. 
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Attraction of Non-natal Adult Chinook Salmon in the Lower Yuba River  

Water transfer monitoring efforts also studied the potential for the Yuba River water transfers 
to affect the straying of Feather River hatchery Chinook salmon into the lower Yuba River 
via decreased water temperatures and increased flow relative to the Feather River.  YCWA 
and CDFG monitoring efforts in 2001, 2002, and 2004 water transfer years indicated that 
Chinook salmon of hatchery origin ascended the fish ladders at DPD in the lower Yuba River 
during both the water transfer and non-transfer periods.  Chinook salmon of hatchery origin 
also have been observed ascending the Yuba River in non-transfer years (CDFG unpublished 
data).   

Sampling of adult Chinook salmon via ladder trapping at DPD during 2001 was not sufficient 
to provide a dataset that could be statistically analyzed, and although 2002 data were 
statistically analyzed, a number of unexpected procedural difficulties were encountered 
resulting in low reliability of 2001 and 2002 abundance estimates.  However, observations 
made during these water transfer studies led to the June 2003 installation of a 
VAKIRiverwatcher system, an infrared detection device, as well as a photographic recorder 
at DPD.   

The use of the VAKIRiverwatcher as a counting device enabled more efficient and reliable 
monitoring of adipose fin-clipped and non-adipose fin-clipped adult Chinook salmon that 
immigrated into the lower Yuba River before, during, and after the 2004 water transfer.  
Estimates were conducted of immigration rates (fish/day), abundance of adipose fin-clipped 
and non-adipose fin-clipped adult Chinook salmon, and proportions of adipose fin-clipped 
adult Chinook salmon.  The findings of these analyses led to the following general 
conclusions:  

 The temporal distributions of the daily counts of adipose fin-clipped and non-adipose 
fin-clipped adult Chinook salmon likely were reflections of Chinook salmon adult 
immigration life stage periodicity, with the relatively abundant fall-run Chinook salmon 
mostly migrating during the post-transfer period. 

 The estimates of the proportions of clipped adult Chinook salmon to the total number of 
adult Chinook salmon immigrating into the lower Yuba River did not suggest the 
attraction of non-natal adult Chinook salmon during the 2004 transfer period, because 
the proportion calculated for the transfer period was not greater than the proportions for 
the pre-transfer and post-transfer periods. 

 Multivariate time series analyses indicated that the immigration rates of non-adipose fin 
clipped and adipose-fin clipped Chinook salmon in 2004 were not significantly 
associated with: (1) attraction flows, defined as the difference between lower Yuba River 
and Feather River flows; or (2) attraction water temperatures, defined as the difference 
between lower Yuba River and Feather River water temperatures. 
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JSA. 2003, 2007, and 2008. Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan. November 2003. Lower Yuba River Redd Dewatering and Fry Stranding 
Study 2007 Annual Report (JSA 2007) and Lower Yuba River Redd Dewatering and Fry 
Stranding Study 2008 Annual Report (JSA 2008). 

In D-1644, the SWRCB in 2001 directed YCWA to submit a plan, in consultation with 
USFWS, NMFS, and CDFG that describes the scope and duration of future flow fluctuation 
studies to verify that Chinook salmon and steelhead redds are being adequately protected 
from dewatering with implementation of D-1644 criteria (JSA 1992). In RD-1644, the 
SWRCB in 2003 readopted this requirement. After various comments and revisions, the 
March 2002 Plan (Plan) was approved by the SWRCB on April 17, 2002. Phase I of the Plan 
was undertaken in 2002, and implementation of Phase II of the Plan continues. 

These studies combine habitat mapping, field surveys, and information on the timing and 
distribution of fry rearing in the lower Yuba River to evaluate the effectiveness of D-1644 
flow fluctuation and reduction criteria in protecting Chinook salmon and steelhead/rainbow 
trout fry.  Two studies were conducted and summarized in the 2007 and 2008 Lower Yuba 
River Redd Dewatering and Fry Stranding Annual Reports (JSA 2007, 2008) to the SWRCB.   

The first Lower Yuba River Redd Dewatering and Fry Stranding Study was conducted in 
April 2007 to evaluate bar and off-channel stranding of juvenile salmonids associated with a 
flow reduction of 1,300-900 cfs (at Smartsville) at a ramping rate of 100 cfs per hour.  Bar 
stranding was again evaluated in June with a temporary flow reduction of 1,600-1,300 cfs at 
a rate of 100 cfs per hour.   Snorkel surveys were conducted between Rose Bar and the 
Highway 20 Bridge in the lower Yuba River.  During the April 5, 2007 drawdown, field 
crews observed 8 stranded salmon fry in the interstitial spaces of substrates on bar slopes 
(perpendicular to shoreline) ranging from 0.5 to 5.5%.  No stranded fish were observed 
during surveys conducted on June 18, 2007.  The presence of both juvenile Chinook salmon 
and steelhead/rainbow trout were confirmed in shallow, near-shore areas adjacent to the 
study sites, suggesting that the risk of bar stranding is greatly reduced by June.  Following 
April 5, 2007 flow reductions, a total of 11,100 juvenile Chinook salmon were found in 20 
isolated off-channel habitats.  Most (93%) of the isolated juveniles were newly emerged and 
exhibited a length ranging from 30 to 50 mm.  

An update Lower Yuba River Redd Dewatering and Fry Stranding Study was subsequently 
conducted from May 29, 2008 through June 4, 2008 with a scheduled flow reduction on June 
1, 2008.  Two of the three potential stranding locations had changed since the 2007 study.  A 
total of 7 stranded trout fry (ranging between 30-35mm) were observed in the interstitial 
spaces of substrates on bar slopes (perpendicular to shoreline) ranging from 2.0 to 5.7%.  
Following the June 1, 2008 flow reductions, 266 juvenile salmonids were isolated in 6 off-
channel sites.  JSA (2008) suggested that the preliminary findings indicated that juvenile 
steelhead/rainbow trout fry may be less vulnerable to off-channel stranding than juvenile 
Chinook salmon because of their more restricted distribution and inability to access off-
channel areas under late spring flow conditions.  Long-term monitoring of several isolated 
off-channel sites confirmed that some sites can support juvenile salmonids for long periods 
and even produce favorable summer rearing conditions.   
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In accordance with the Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan (2003), YCWA and JSA will continue to monitor and evaluate 
stranding risk and flow-habitat relationships for off-channel stranding.  Future actions will 
include the following : (1) continued evaluation of the effects of time of day (night versus 
day) on stranding risk of juveniles; (2) inspection of interstitial habitats along the river 
margins to determine the presence of young fry before bar stranding evaluations; (3) 
evaluation of the effects of higher ramping rates (>100 cfs per hour) on stranding risk of 
larger fry and juveniles; (4) continued evaluation of the relationship between flow range and 
the number, area, and distribution of off-channel sites that become disconnected from the 
main river; (5) evaluation of the effect of peak winter and spring flows on the incidence of 
off-channel stranding; and (6) continued monitoring of habitat conditions and survival of 
Chinook salmon and steelhead/rainbow trout in selected off-channel monitoring sites where 
stranding is frequently observed.   

Massa, D. 2004.  Yuba River Juvenile Chinook Salmon (Oncorhynchus tshawytscha), and 
Juvenile Central Valley Steelhead Trout (Oncorhynchus mykiss), Life History Survey: Annual 
Data Report 2003-2004.  California Department of Fish and Game Annual Report, Sacramento 
Valley & Central Sierra Region, Rancho Cordova, CA. 

This study was conducted to continue development of baseline information for the Central 
Valley Project Improvements Act’s (CVPIA), Anadromous Fish Restoration Program 
(AFRP) for juvenile Chinook salmon and steelhead/rainbow trout lifehistory strategies on the 
lower Yuba River.  Data were collected to determine the timing and duration of downstream 
emigration, abundance and/or relative abundance, and to monitor the condition and size of 
outmigrating juvenile Chinook salmon and steelhead/rainbow trout.  Emigrating juvenile 
Chinook salmon were coded-wire tagged (CWT) in an effort to enumerate and determine the 
relative contribution to adult escapement on the lower Yuba River.   

Juvenile Chinook salmon and steelhead trout were captured using a rotary screw trap (RST) 
with an eight-foot diameter cone placed in the lower Yuba River located approximately 6 
miles east of the city of Marysville, adjacent to the south end of Hallwood Boulevard.  
Except during extraordinarily high water flows or during periods of excessive debris, the trap 
was fished 24-hours-per-day, seven-days-a-week from October 15, 2003 through June 17, 
2004 following its installation on October 1, 2003.   

Twenty-one species of fish were captured in the RST including a total of 307,297 juvenile 
Chinook salmon.  Steelhead/rainbow trout were captured less frequently and totaled 590 fish 
during the October – June trapping period.  This study revealed that peak catches of juvenile 
Chinook salmon on the lower Yuba River occur between December and March, which is 
approximately one month earlier than observed during previous monitoring efforts.  Over 
67,000 juvenile Chinook salmon were captured during the first two weeks of December 
2003, and captures remained high until mid-March 2004. A total of 21,396 captured fry for 
the month of March 2003 signified the conclusion of peak emigration for juvenile Chinook 
salmon.  Massa (2004) suggested that three runs of Chinook salmon (spring-, fall-, and late-
fall run) were identified by modal distributions of captures at the RST.  Spring-run Chinook 
salmon were first observed on November 1, 2003, followed by fall-run observations in 
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December 2003, and late-fall run during mid-April 2004.  Fall-run Chinook represented the 
majority of juveniles captured in the lower Yuba River.  Coded Wire Tagging (CWT) began 
November 26, 2003 and ended June 15, 2004 with the majority of tagging occurring during 
peak emigration between December 9, 2003 and March 18, 2004.  Of the 307,397 total 
juvenile Chinook salmon captured in the RST, 185,305 juvenile Chinook salmon were 
successfully injected with a CWT and adipose-fin clipped prior to release.  

Kozlowski, J.F. 2004. Summer Distribution, Abundance, and Movements of Rainbow Trout 
(Oncorhynchus mykiss) and other Fishes in the Lower Yuba River, California. UC Davis Thesis. 

Kozlowski (2004) conducted electrofishing (early-July and late-August), two mid-channel 
snorkel surveys (late-July and early-September), and river margin surveys (mid-August) just 
prior to the second electrofishing period during 2000. In addition, he reviewed 1999-2000 
salvage data for the Hallwood-Cordua canal, a diversion canal located at DPD, and 1999-
2001 trapping data for the Hallwood rotary screw trap (RST) near Hallwood Boulevard.  
These surveys were conducted to assess the distribution, abundance, and movement of 
steelhead/rainbow trout and other species below Englebright Dam.   

The study focused on the portion of the lower Yuba River between Marysville and the 
Narrows within the following four reaches: (1) the Simpson Lane Bridge (about RM 3.2) to 
the Yuba Goldfields (about RM 8.3); (2) the western boundary of the Yuba Goldfields (about 
RM 8.3) to DPD (about RM 11.5); (3) upstream from DPD (about RM 11.5) to the upstream 
side of Long Bar (about RM 16.2); and (4) Highway 20 (about RM 16.2) to the downstream 
side of the Narrows (about RM 22.2).   

Backpack electrofishing and snorkel survey data collection methods were used to estimate 
distribution and abundance population parameters for various life stages of steelhead/rainbow 
trout, as well as assess the aquatic community composition in the lower Yuba River.  Fish 
screen salvage at DPD and rotary screw trapping methods were used to assess fish 
movements within the lower Yuba River, including above and below DPD.  Age-0, juvenile, 
and adult summer distribution, abundance and movements were investigated between 1999 
and 2000.   

During the study a total of at least 12 species were observed including Chinook salmon and 
steelhead/rainbow trout.  Kozlowski (2004) found higher abundances of juvenile and adult 
steelhead/rainbow trout above DPD, relative to downstream of DPD.  Chinook salmon 
occurrence and abundance increased throughout the summer.  

Kozlowski (2004) observed age-0 and adult steelhead/rainbow trout throughout the entire 
study area, with highest densities in upstream habitats and declining densities with increasing 
distance from the Narrows.  Total numbers of juvenile and adult steelhead/rainbow trout 
observed below DPD accounted for 18 to 26% of the total number of steelhead/rainbow trout 
observed in the study area.  The distribution of age-0 steelhead/rainbow trout observed 
appeared to be related to the distribution of spawning adults.  The majority of redds observed 
during snorkel surveying occurred in the upstream reach between Long Bar and the Narrows 
during winter and spring 2000.   
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Some age-0 steelhead/rainbow trout dispersed downstream soon after emerging, beginning in 
July and August, and continued throughout the year (Kozlowski 2004).  Salvage data at the 
Hallwood-Cordua fish screen suggested that most juvenile fish initiated their downstream 
movements immediately preceding and following a new moon, indicating the presence of 
lunar periodicity in the timing or outmigration patterns in the lower Yuba River (Kozlowski 
2004).   

Kozlowski (2004) stated that flow and temperature did not appear to cause age-0 
steelhead/rainbow trout to initiate these downstream movements since these factors varied 
little or not at all during the duration of the summer.  Similarly, water temperatures remained 
within the range preferred by steelhead/rainbow trout throughout the study area and did not 
vary substantially among reaches.  As a result, the distributional pattern of steelhead/rainbow 
trout in the study area could not be explained by differences in water temperatures in the 
lower Yuba River.   

Kozlowski (2004) found that the density of age-0 steelhead/rainbow trout was positively 
correlated to median substrate size of the upstream reach suggesting suitable rearing habitat 
for this life stage in the lower Yuba River.  Juvenile and adult steelhead/rainbow trout were 
observed in greater numbers in pool habitats, and identified more frequently downstream of 
the Narrows, than in run habitats. Kozlowski (2004) suggested that results of this study 
indicated a relatively higher degree of habitat complexity, suitable for various life stages, in 
the reaches just below the Narrows compared to farther downstream.  This includes greater 
occurrence of pools-type microhabitat suitable for juvenile and adult steelhead/rainbow 
rearing and holding, as well as small boulders and cobbles preferred by the age-0 emerging 
life stage.   

Growth of age-0 steelhead/rainbow trout in the lower Yuba River was relatively slow 
throughout the summer, averaging between 47.9 mm (July 3 2000 - July 14, 2000) and 56.5 
mm (August 25, 2000 – September 11, 2000) during the summer (Kozlowski 2004). The 
mean size observed in the lower Yuba River during this study was reportedly smaller than 
the August mean fork length (70 mm) reported by Cavallo et al. (2003; as cited in Kozlowski 
2004) for age-0 rainbow trout in the low flow channel of the lower Feather River, and the 
lower American River in July (82 mm) reported by Snider and Titus (1994) but may be due 
to the presence of sampling biases inherent to electrofishing and snorkeling or seining 
methods.  In a comparison of sampling methodology for this study, Koslowski (2004) 
suggested that snorkeling methods underestimated age-0 steelhead/rainbow trout numbers at 
sites where electrofishing yielded relatively high catches, but appeared to be a better 
estimator of fish density at sites where electrofishing yielded low numbers and was attributed 
to steelhead/rainbow trout fleeing sampling sites rather than hiding in the substrate as the 
electrofishing crew sampled the river margin. 

Massa, D. and C. McKibbin. 2005.  Yuba River Juvenile Chinook Salmon (Oncorhynchus 
tshawytscha), and Juvenile Central Valley Steelhead Trout (Oncorhynchus mykiss), Life History 
Survey: Annual Data Report 2004-2005.  California Department of Fish and Game Annual 
Report, Sacramento Valley & Central Sierra Region, Rancho Cordova, CA.   
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Massa and McKibbin (2005) is a continuation of the Life History Surveys for the annual 
period extending from 2004-2005.  Juvenile Chinook salmon and steelhead/rainbow trout 
were captured using two rotary screw traps (RST) with an eight-foot diameter cone placed in 
the lower Yuba River approximately 6 miles east of the city of Marysville, adjacent to the 
south end of Hallwood Boulevard.  Except during extraordinarily high water flows or during 
periods of excessive debris, the traps were fished 24 hours per day, 7 days a week from 
October 21, 2004 through June 27, 2005 (Trap 1) and from April 26, 2005 to June 20, 2005 
(Trap 2). 

Twenty-two species of fish were captured in the RST including a total of 285,034 juvenile 
Chinook salmon.  Steelhead/rainbow trout were captured less frequently and totaled 614 fish 
during the trapping periods.  Massa and McKibbin (2005) suggested that peak catches of 
juvenile Chinook salmon on the lower Yuba River were observed later in the calendar year 
than in the previous 2003-2004 season, but were consistent with observations from earlier 
monitoring efforts (1999-2002). 

Massa and McKibbins (2005) suggested that three runs of juvenile Chinook salmon (spring-, 
fall-, and late-fall run) were identified by modal distributions of captures at the RST.  Fall-
run Chinook represented the majority of juveniles captured in the lower Yuba River.  CWT 
began November 29, 2004 and ended June 7, 2005 with the majority of tagging occurring 
during peak emigration between early January 2005 and late February 2005.  Of the 285,034 
total juvenile Chinook salmon captured in the RST, 242,774 juvenile Chinook salmon were 
successfully injected with a CWT and adipose-fin clipped prior to release.  

JSA. 2006.  2003 Fall-run Chinook salmon spawning escapement in the Yuba River. Prepared 
for Yuba County Water Agency by Jones and Stokes Associates, Inc.  

JSA (2006) reported that annual surveys of Chinook salmon carcasses have been conducted 
on the lower Yuba River since 1953 to estimate fall-run Chinook salmon (Oncorhynchus 
tshawytscha) spawning escapement (i.e., the number of salmon that return to spawn each 
year). They reported that CDFG has conducted annual surveys of Chinook salmon carcasses 
on the lower Yuba River from 1953 to 1989, but suspended its surveys because of budget 
cuts. In response, YCWA with the assistance of JSA in 1991, conducted subsequent 
escapement surveys through 2003. CDFG assisted JSA from 1992 through 1994. In 2002 and 
2003, additional funding was provided by the California Department of Water Resources 
(CDWR) and the Pacific States Marine Fisheries Commission (PSMFC) to ensure a complete 
search for tagged hatchery strays. The main objective of the annual carcass surveys was to 
estimate annual spawning escapement of fall-run Chinook salmon in the lower Yuba River 
downstream of Englebright Dam.   

JSA (2006) reported an estimate of 28,897 Chinook salmon spawned in the lower Yuba 
River based on surveys conducted during 2003. JSA (2006) reported that the average 
spawning escapement for 1996–2003 was estimated to be 24,563 fish, which was  
substantially higher than the average of 13,809  for the preceding period between 1972–1995 
representing the post–New Bullards Bar Reservoir period. Overall, average spawning 
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escapement for the pre- and post-reservoir periods (1953–1971 and 1972–2003) was 12,906 
and 16,050 fish, respectively. 

Grover, A. and B. Kormos. (undated). The 2006 Central Valley Chinook Age Specific Run Size 
Estimates.  Scale Aging Program, California Department of Fish and Game 475 Aviation Blvd, 
Suite 130 Santa Rosa, CA 95403 

Through scale aging, this study produced age-structured hatchery and natural escapement 
estimates for all principal reaches and runs of Chinook salmon (Oncorhynchus tshawytscha) 
in the Central Valley. Digital imaging and reading techniques were used, and a modified 
maximum likelihood estimator based on the work of Kimura and Chikuni (1987; as cited in 
Grover and Kormos undated) was utilized. This method uses known, aged CWT salmon 
scale samples in conjunction with those of unknown aged (non-CWT) fish to create bias-
corrected age proportions from which age-specific run size estimates were made. Grover and 
Kormos (undated) reported that preliminary results showed that there are differences between 
the age structure of hatchery and natural escapement. In addition, they indicated that there are 
age structure differences among the Chinook lifehistory types present in the Central Valley. 
Results from this study indicated that in the lower Yuba River about 4.5% of the 2006 total 
escapement was comprised of 2 year old Chinook salmon, 16% were age 3, and 79.5% were 
age 4.   

Grover, A. and B. Kormos. (undated). The 2007 Central Valley Chinook Age Specific Run Size 
Estimates.   Scale Aging Program, California Department of Fish and Game 475 Aviation Blvd, 
Suite 130 Santa Rosa, CA 95403 

Results from the 2007 evaluation utilized the same methods and procedures described for the 
2006 evaluation (presented above).  Grover and Kormos (undated) stated that there are 
differences between the age structure of hatchery and natural escapement, and among the 
Chinook life history types present in the Central Valley. Results from this study indicated 
that in the lower Yuba River about 3% of the 2007 total escapement was comprised of 2 year 
old Chinook salmon, 36% were age 3, 59% were age 4, and 1.6% were age 5.  

NMFS. 2007. Biological Opinion on the Operation of Englebright and Daguerre Point Dam on 
the Yuba River, California. File Number 151422-SWR-2006-SA00071:MET (PCTS # 
2007/01232). November 21, 2007. 

In November 2007, NMFS issued a BO on the operation of USACE’s facilities on the Yuba 
River, including DPD and Englebright Dam.  Central Valley spring-run Chinook salmon and 
Central Valley steelhead passage at DPD was addressed in the BO, although NMFS (2007) 
stated that a final preferred alternative was not identified to alleviate passage impediment 
issues at DPD.  The BO did not address project effects on the threatened southern-DPS of 
North American green sturgeon.   

According to NMFS (2007), infrared and videographic sampling at ladders located at DPD 
since 2003 has provided more robust estimates of spring-run Chinook salmon numbers 
migrating into the lower Yuba River. NMFS (2007) reported preliminary estimates of adult 
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spring-run Chinook salmon ascending DPD as 1,250 in 2003, 431 in 2004, 1,019 in 2005, 
217 in 2006, and 242 in 2007.  However, NMFS (2007) considered these numbers to be 
preliminary, minimum estimates, because periodic problems with the sampling equipment 
resulted in periods when fish ascending the ladders were not counted, so it is likely that the 
actual numbers are higher than those reported. NMFS (2007) observed that the detection of 
adipose fin clips on some of these fish indicated that they were hatchery strays, most likely 
from the Feather River Hatchery, and that the short time period in which this sampling has 
been conducted, coupled with the salmon’s three to four year life cycle made it difficult to 
determine decisive trends in the spring-run Chinook salmon population.  While the data from 
2006 and 2007 indicate a reduction in total abundance, passage in May (the primary spring-
run migration month) of 2007 was the highest detected in that month since the sampling has 
been conducted (NMFS 2007). 

Based on infrared and videographic sampling at both DPD fish ladders since 2003, NMFS 
(2007) reported that minimum, preliminary estimates of the number of steelhead ascending 
DPD were 170 in 2003, 762 in 2004, 356 in 2005, 150 in 2006, and 511 in 2007. 
Additionally, because steelhead can be similar in size to many other species of fish in the 
Yuba River, only those inferred images that were backed up by photographic images clearly 
showing that the fish was a steelhead were included in the counts (NMFS 2007). Therefore, 
NMFS (2007) stated that it is likely that the actual numbers of steelhead passing DPD were 
higher than those reported.  The data indicated that through the first half of the month of July 
2007, upstream adult steelhead passage at DPD was the highest since the device was installed 
in 2003, although determination of decisive trends in the Yuba River steelhead population 
was difficult at that time (NMFS 2007). 

Massa, D.  2008.  Lower Yuba River Chinook Salmon Escapement Survey: October 2007 – 
January 2008.  California Department of Fish and Game Annual Report, North Central Region, 
Chico, CA. 

This report presents results of Chinook salmon spawning escapement surveys during 2007 to 
2008, as well as summary information from preceding years. Massa (2008) reported that 
although escapement surveys were conducted on the lower Yuba River to estimate the 
number of returning adult Chinook salmon since 1953, previous estimates were infrequent 
and unlike more recent surveys (1994, 1996-2006), because methods were not consistent 
from year to year. Survey duration and area of sampling varied, resulting in data that were 
statistically inappropriate for trend analysis.  

Massa (2008) estimated 2,604 Chinook salmon (2,423 adult and 81 grilse) spawned in the 
lower Yuba River survey area during the period of October 2, 2007 to January 3, 2008. This 
estimate was the lowest observed in twelve consecutive years, and was less than a third of the 
escapement estimate reported for 2006 (8,231 fish). 

Separate estimates could not be created for each of the six survey reaches due to low sample 
size, although previous surveys have suggested that the majority of spawning occurs above 
DPD (JSA 2006; Massa 2006; Massa 2007). Approximately 70% of the returning 
escapement in 2006 utilized the area between the Narrows pool and DPD (Massa 2007).  
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Massa (2008) stated that although it is difficult to accurately determine time of spawning 
from carcass recovery dates, spring-run carcasses, as identified through CWT recovery,  were 
recovered between October 3, 2007 and October 16, 2007.  As observed in 2005, all spring-
run Chinook salmon recoveries were from the Feather River Hatchery. A single fall-run 
recovery also originated from the Feather River Hatchery. No recoveries were observed from 
the CDFG’s wild-tagging operation (Lower Yuba River Life History Investigation) during 
this survey. As observed in 2005 and 2006, the majority of Feather River Hatchery strays 
were from plants transported far from their natal hatchery, mostly to San Pablo Bay via the 
Wickland Oil net pens (Massa 2008). 

Beginning in 2005, the Feather River Hatchery began tagging early arriving (May/June) 
spring-run Chinook salmon with floy tags and releasing these fish to the river. Incidentally, 
two of these floy-tagged Feather River spring-run Chinook salmon have been collected 
during escapement surveys on the lower Yuba River - one in 2006 and one in 2007 (Massa 
2008).  

Scale samples were collected at random from October 2, 2007 through January 3, 2008. As a 
result of low overall sample numbers, an attempt was made to collect scales from all fresh 
carcasses encountered. A total of 346 samples were collected.  

Annual population abundance estimates of Chinook salmon for the Sacramento-San Joaquin 
River system, including the lower Yuba River, have been complied by the CDFG Fisheries 
Branch Anadromous Resource Assessment Unit and presented as an independent dataset in 
GrandTab.  The GrandTab report is a compilation of sources estimating the late-fall, winter, 
spring, and fall-run Chinook salmon populations for all streams surveyed in the Central 
Valley and are based on counts of fish entering hatcheries, migrating past dams, annual 
carcass surveys, live fish counts, and ground and aerial redd surveys.  Population estimate 
sources for GrandTab include: (1) CDFG; (2) USFWS; (3) CDWR; (4) the East Bay 
Municipal Utilities District; (5) PG&E; and (6) the Fisheries Foundation of California.  Fall-
run Chinook salmon have been monitored since 1952, spring-run Chinook salmon since 
1960, and late-fall and winter Chinook salmon runs since 1970. 

Zimmerman, C., G. Edwards, and K. Perry. 2009.  Maternal origin and Migratory History of 
Steelhead and Rainbow Trout Captured in Rivers of the Central Valley, California.  Trans. of the 
Amer. Fish. Soc. 138:280-291.  February 23, 2009.  

Zimmerman et al. (2009) stated that the treatment of sympatric life history forms as single 
populations exhibiting polyphenism or as reproductively isolated populations has profound 
implications in decisions related to protection and recovery of species (Zimmerman and 
Reeves 2000; McEwan 2001; as cited in Zimmerman et al. 2009).  Zimmerman et al. (2009) 
analyzed otolith strontium:calcium (Sr:Ca) ratios to determine maternal origin (anadromous 
vs. non-anadromous) and migratory history (anadromous vs.  non-anadromous) of O. mykiss 
collected in Central Valley rivers between 2001 and 2007, including the lower Yuba River.  

Fish were captured by various sampling techniques including beach seining, rotary screw 
trapping, electrofishing, carcass surveying, and hook and line.   
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A total of 964 otoliths were examined to determine age, maternal origin, and migratory 
history. Age-0 fish were collected from only three sites: Deer Creek, lower Yuba River, and 
Calaveras River. Zimmerman et al. (2009) found that age and length composition of samples 
varied among locations, and that mean length-at-age varied among locations. They 
determined mean fork length of steelhead and rainbow trout collected from the lower Yuba 
River as age-0 (68mm ± 24mm), age-1 (228mm ± 2mm), age-2 (271mm ± 24mm), age-3 
(348mm ± 25mm), and age-4 (424mm ± 29mm). 

Of the 964 otoliths examined from Central Valley streams, 224 were classified as steelhead 
progeny and 740 were classified as progeny of rainbow trout females. The proportion of 
steelhead progeny in the lower Yuba River (about 13%) was intermediate to the other rivers 
examined (Sacramento, Deer Creek, Calaveras, Stanislaus, Tuolumne, and Merced), which 
ranged from 4% in the Merced River to 74% in Deer Creek (Zimmerman et al. 2009).  

Mitchell, W.T. 2010. Age, Growth, and Life History of Steelhead Rainbow Trout (Oncorhynchus 
mykiss) in the Lower Yuba River, California.  ICF International. March 2010.  

Steelhead/rainbow trout age structure, lifehistory, stock composition, origin, and growth in 
the lower Yuba River were analyzed using scales, which is an effective method for 
determining these life history characteristics, as well as the relationships between growth, life 
history variation, and recruitment (Mitchell 2010).  Scales from 787 juvenile and adult 
steelhead/rainbow trout were collected in the lower Yuba River from 1998 to 2007.  Most 
fish were collected by trapping, angling, and electrofishing. Upstream migrants were 
captured at DPD between November 11, 2000 and March 12, 2001.  The remainder of 
sampling was conducted opportunistically via hook-and-line angling from 2004 to 2007.   

Scales were taken from 142 age 0+ and age 1+ steelhead/rainbow trout collected by 
electrofishing during July to September 1999 and July to August 2000. Sampled fish 
averaged 107 mm FL and ranged from 68 to 198 mm FL.  Of 467 juvenile and adult 
steelhead rainbow trout collected by angling between September 1998 and June 2007, only 
four fish were identified as steelhead and ranged in length from 438 to 559 mm FL.  Scales 
taken from 71 juvenile and adult steelhead/rainbow trout trapped in the fish ladder at DPD 
from November 1, 2000 through March 28, 2001averaged 401 mm FL and ranged from 220 
to 720 mm FL, with ten fish identified as steelhead and ranging in length from 453 to 720 
mm FL (Mitchell 2010).  

Scale analysis indicates the presence of at least four age categories for steelhead/rainbow 
trout in the lower Yuba River that spent 1, 2, or 3 years in freshwater and 1 year at sea before 
spawning.  Mitchell (2010) does not report any steelhead/rainbow trout spending more than 1 
year at sea before returning to spawn.  Two of the 14 steelhead sampled were returning to 
spawn for a second time.  A relatively higher proportion of age-3/1 were reported.   

Results from Mitchell (2010) indicate steelhead/rainbow trout in the lower Yuba River are 
exhibiting a predominately residential life history pattern. He found that only 14% of samples 
gathered from DPD, and 1% from angling were anadromous steelhead adults.  Based on scale 
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analysis, nearly all fish had spent 1 to 4 winters in freshwater with no evidence of ocean 
residence (Mitchell 2010). 

Mitchell (2010) reported that back-calculation of fork length (FL) showed substantial 
variability in size and growth for steelhead/rainbow trout juvenile age classes (0+ and 1+ 
fry).  Late summer emerging 0+fry were smaller (<70mm FL) than average (108mm FL) by 
the end of their first winter, while early spring emergers were generally larger than average 
by the end of winter.  Age 1+ juveniles grew 146mm in length following their first winter, 
reaching an average FL of approximately 265mm by the end of their second winter.  Analysis 
of scale growth patterns indicate a period of accelerated growth during the spring peaking in 
the summer months, and followed by decelerated growth in the fall and winter.  Following 
the second winter, steelhead/rainbow trout in the lower Yuba River exhibit reduced annual 
growth in length with continued growth in mass until reaching reproductive age.  
Additionally, more rapid juvenile and adult steelhead/rainbow trout growth occurred in the 
lower Yuba River compared to the lower Sacramento River and Klamath River 
steelhead/rainbow trout, with comparable growth rates to steelhead/rainbow trout in the 
upper Sacramento River (Mitchell 2010). 

Garza, J.C., and D.E. Pearse. (undated).  Population Genetic Structure of Oncorhynchus 
mykiss in the California Central Valley. Final report for California Department of Fish and Game 
Contract # PO485303.  University of California, Santa Cruz and NOAA Southwest Fisheries 
Science Center. 

Garza and Pearse (undated) reported that genotype data was collected from 18 highly 
variable microsatellite molecular markers in more than 1,600 fish from the Central Valley 
region sampled by CDFG biologists, as well as a sample of adult steelhead from Battle Creek 
sampled by the USFWS. Analyses of these data examined population structure within the 
region, relationships between populations above and below barriers to anadromy, 
relationships of Central Valley populations with coastal steelhead populations, and 
population genetic diversity.  

The analysis in Garza and Pearse (undated) focused on 17 initial “population” samples, 
comprised of fish sampled from the Kings, Tuolumne, Stanislaus, Calaveras, American, 
Yuba, Feather, Butte, Deer, Battle, and McCloud river sub-basins. Additional analyses were 
conducted with data from the same microsatellite markers in rainbow trout hatchery stocks 
and steelhead from coastal and California Central Valley populations. These analyses 
examined whether specific fish are, or are descended, from hatchery strains used in local 
stocking efforts, as well as providing biogeographic context for the Central Valley regional 
results. Garza and Pearse (undated) reported that in general, all naturally-spawned 
populations within the Central Valley basin were closely related, regardless of whether they 
were sampled above or below a known barrier to anadromy. This is due to some combination 
of pre-impoundment historic shared ancestry, downstream migration and, possibly, limited, 
anthropogenic, upstream migration. However, lower genetic diversity in above-barrier 
populations indicates a lack of substantial genetic input upstream and highlights lower 
effective population sizes for above-barrier populations. In contrast to coastal steelhead, 
close relationships were not found between populations above and below barriers within the 
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same sub-basin. Instead, above-barrier populations clustered with one another and below-
barrier populations clustered with one another in all tree analyses. The consistent clustering 
of the above-barrier populations with one another, and their position in the California-wide 
trees, indicate that they are likely to most accurately represent the ancestral population 
genetic structure of steelhead in the Central Valley (Garza and Pearse undated). 

Garza and Pearse (undated) also identified possible heterogeneity between samples from 
different tributaries of the upper Yuba and Feather rivers, although Linkage (gametic phase) 
Disequilibrium (LD) was lower in these populations. Other than in the Nimbus Hatchery 
sample, only one other fish, in the lower Yuba River population, was identified as a hatchery 
fish with high confidence. In fact, the salient characteristic of population structure for Central 
Valley O. mykiss inferred from this study is that the populations of naturally-spawning fish 
sampled here are all closely related, regardless of whether they are currently above or below 
barriers to anadromy. This indicates that hatchery rainbow trout planted above dams in the 
region have not replaced O. mykiss populations trapped upstream of dam construction, fish 
commonly referred to as residualized steelhead (Garza and Pearse undated). 

Garza and Pearse (undated) stated that these results indicate smaller effective size in above-
barrier populations, which is consistent with the expectation of decreased upstream migration 
and the lost influx of new genes through migration. This situation will lead to gradual genetic 
erosion, which can contribute to eventual population extirpation (Srikwan and Woodruff 
2000 as cited in Garza and Pearse undated). Facilitating upstream migration might help to 
alleviate such eventual genetic effects, but may also counteract the potential adaptation of 
above-barrier populations that is expected because of the strong selection against 
downstream migration in such populations (Garza and Pearse undated).  

Garza and Pearse (undated) stated that efforts to integrate above-barrier populations with 
those below dams to increase overall effective size of steelhead populations and reestablish 
historical connectivity should also proceed with great caution, as these fish have been under 
very strong selection against anadromy since dam construction. The consequences of such 
integration are not known, but could range from beneficial increases in genetic diversity and 
effective size, to decreased fitness of hybrids and various ecological interactions such as 
competition or direct predation (Garza and Pearse undated). 
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OTHER RELEVANT DOCUMENTS 

CDFG. 1993.  Restoring Central Valley streams: A plan for action.  The Resources Agency, 
CDFG, Sacramento, California.  November 1993.   

The CDFG (1993) report assessed the condition of Central Valley anadromous fish habitat 
and associated riparian wetlands, and set priorities for taking actions to restore and protect 
aquatic ecosystems that support fish and wildlife and to protect threatened and endangered 
species.  Priorities were identified to guide future efforts toward restoration. On the lower 
Yuba River, priority actions included installing fish screens on lower Yuba River diversions, 
improving spawning and rearing habitat, and protecting and managing riparian habitat.  
Recommendations for administrative actions to improve anadromous fish habitat in the lower 
Yuba River also included specific stream flow recommendations which were consistent with 
the CDFG (1991) report titled The Lower Yuba River Fisheries Management Plan Final 
Report.  The recommendations also included target water temperatures, although no specific 
water temperature studies, flow-temperature relationships, or water temperature availability 
studies were presented.   

Busby, P.J., T.C. Wainwright & G.J. Bryant.  1996.  Status review of West Coast steelhead 
from Washington, Idaho, Oregon, and California.  U.S. Department of Commerce, NOAA 
Technical Memorandum, NMFS-NWFSC-27.  261 pp. 

The NMFS Biological Review Team (BRT) prepared a Status review of West Coast 
steelhead from Washington, Idaho, Oregon, and California which presented environmental 
and biological information concerning steelhead  populations in Washington, Idaho, Oregon, 
and California. The BRT identified 15 steelhead ESUs throughout the region of evaluation, 
12 of which include coastal forms including the Central Valley, and 3 of which include 
inland forms.   

Within the Central Valley, the Yuba Rivers and others (i.e., the American, Feather, and 
possibly the upper Sacramento and Mokelumne rivers), were identified as have naturally 
spawning populations (CDFG 1995 as cited in Busby et al. 1996), but have had substantial 
hatchery influence and their ancestry was not clearly known. Genetic data was the primary 
evidence considered for the reproductive isolation criterion, supplemented by inferences 
about barriers to migration created by natural geographic features.  

This document reported conclusions reached by the BRT for determining whether the listing 
of west coast steelhead under the ESA would be warranted.  The BRT reported that few 
detailed studies existed on the relationship between resident and anadromous O. mykiss in 
the same location, but that each of the ESUs included multiple spawning and resident 
populations of O. mykiss. Additionally, genetic studies generally show that rainbow trout and 
steelhead from the same area may share a common gene pool. The BRT reports that progeny 
of nonanadromous O. mykiss can be anadromous, and that anadromous O. mykiss can 
produce nonanadromous progeny, however,  evidence exists to suggest substantial genetic 
divergence between resident and anadromous fish in areas where resident populations have 
been isolated by long-standing natural barriers.  
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The BRT reported the status of native natural steelhead in the Yuba River as unknown, 
although the population appeared to be stable and supporting a fishery (McEwan and Jackson 
1996 as cited in Busby et al. 1996) likely due to influence by Feather River Hatchery fish. 
The BRT also concluded that the Central Valley steelhead ESU was in danger of extinction, 
and that introgression from hatchery fish may be a concern in the Yuba River and throughout 
the Central Valley.   

Biologists familiar with the stock of the Yuba River steelhead suggest that almost no natural 
production of steelhead occurs on the Yuba River (Hallock 1989 as cited in Busby et al. 1996).  
However, Busby et al. 1996 also identified two areas of scientific uncertainty regarding natural 
reproduction including as deficiency of recent run-size estimates for natural steelhead stocks, and 
uncertainty in determining which populations to include in the ESU considering that there was 
substantial question regarding the genetic heritage of natural populations in the Central Valley.   

Yoshiyama, R. M., E. R. Gerstung, F. W. Fisher, and P. B. Moyle.  1996.  Historical and 
present distribution of Chinook salmon in the Central Valley Drainage of California.  In: Sierra 
Nevada Ecosystem Project, Final Report to Congress, vol. 111, Assessments, Commissioned 
Reports, and Background Information (University of California, Davis, Centers for Water and 
Wildland Resources, 1996). 

This report summarized historical accounts of spring-run Chinook salmon populations, 
including the Yuba River.  Yoshiyama et al. (1996) reported that prior to the impacts 
associated with gold mining, dam construction, and water diversions, large numbers of 
spring-run Chinook salmon were taken by miners and Native Americans as far upstream as 
Downieville on the North Yuba River.  During the construction of the original Bullards Bar 
Dam (1921 - 1924), numerous Chinook salmon congregated and died below the dam.  Due to 
their presence high in the watershed, Yoshiyama et al. (1996) concluded that these fish were 
spring-run Chinook salmon. In addition, this report indicated that prior to the construction of 
Englebright Dam, CDFG fisheries biologists observed large numbers of steelhead spawning 
in the uppermost reaches of the Yuba River and its tributaries. 

CDFG. 1996. Steelhead Restoration and Management Plan for California. Prepared by D. 
McEwan and T. Jackson. Inland Fisheries Division, Sacramento, CA. 

CDFG developed the Steelhead Restoration and Management Plan for California (Steelhead 
Plan) in 1996 as a component of the SB 2261 program. As mandated by The Salmon, 
Steelhead Trout, and Anadromous Fisheries Program Act of 1988 (SB 2261), a policy of the 
State of California is to significantly increase the natural production of salmon and steelhead, 
and directed CDFG to develop a program that strives to double naturally spawning 
anadromous fish populations by the year 2000.  

CDFG (1996) reported that the Yuba River historically supported the largest, naturally-
reproducing, persistent population of steelhead in the Central Valley, and that wild stocks in 
the Sacramento River system are mostly confined to upper Sacramento River tributaries such 
as Antelope, Deer, and Mill creeks and the Yuba River. This report, referencing CDFG 
(1991), stated that the lower Yuba River maintained natural production, and was managed by 
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CDFG as a naturally sustained population. CDFG (1996) reported that the run size for the 
Yuba River in 1984 was estimated to be about 2,000 steelhead (CDFG 1984 as cited in 
CDFG 1996).  

This report stated that as of 1996, the status of the Yuba River steelhead population was 
unknown, although it appeared to be stable and continued to support a steelhead fishery, and 
that the Yuba River was essentially the only wild steelhead fishery remaining in the Central 
Valley. This report, referencing CDFG (1991), reported that the lower Yuba River was 
annually stocked with 27,270 to 217,378 yearling steelhead from the Coleman National Fish 
Hatchery between 1970 to 1979, and that as of 1996 it was unknown whether the steelhead 
stock was of native origin or was derived from the planting of Coleman National Fish 
Hatchery fish.  Although no specific water temperature studies, flow-temperature relationship 
evaluations, or water temperature availability studies were presented, CDFG (1996) 
suggested that low flows and elevated water temperatures resulting from water diversions 
had affected the anadromous populations of the lower Yuba River. 

The CDFG (1996) report recommended that efforts should continue to seek adequate flows 
and temperatures, and implement restoration actions for the lower Yuba River.  This report 
also stated that CDFG should continue to manage the lower Yuba River as a wild steelhead 
fishery, and recommended that hatchery steelhead not be planted in the lower Yuba River. 

NMFS. 1997. Status review update for West Coast steelhead from Washington, Idaho, Oregon, 
and California. Memorandum date 7 July 1997 from the Biological Review Team to the 
National Marine Fisheries Service Northwest Regional Office. Online at 
http://www.nwr.noaa.gov/1salmon/salmesa/pubs/sru970707.pdf 

This report summarizes conclusions of the NMFS Biological Review Team (BRT) regarding 
the Central California Coast, South-Central California Coast, Southern California, Central 
Valley, Upper Columbia River, and the Snake River Basin ESUs.  The west coast steelhead 
biological review team (BRT), convened by NMFS, reviewed comments and new data 
received from federal, state, and tribal agencies, nine west coast fisheries scientists, and the 
public solicited in response to the proposed rule, Busby et al. 1996 Status Review for West 
Coast Steelhead from Washington, Idaho, Oregon, and California August 1996.  

The BRT notes new information from CDFG, including some additional counts of juvenile 
steelhead in the mainstem San Joaquin River and the Stanislaus River, and noted additional 
information on the distribution of steelhead in the San Joaquin System (Yoshiyama et al. 
1996 as cited in NMFS 1997).  However, the BRT determined that for the Central Valley 
ESU, no new information was provided that was sufficient to estimate population trends.  No 
changes were made to the geographic delineation of the Central Valley steelhead ESU, ESU 
distribution, population-trends, or to the assessment of Central Valley steelhead ESU risk of 
extinction. Additionally, the BRT concluded that any ESU identified in geographic region of 
California’s Central Valley would almost certainly be considered at risk of extinction. The 
BRT recognized that native steelhead may no longer exist in many streams in the Central 
Valley and that under some ESU configurations, identification of any native, naturally-
spawning fish of ESA concern may be difficult.   



Yuba County Water Agency 
Yuba River Development Project 

FERC Project No. 2246 
 

 
April August 2011 Proposed Revised Study Plan ESA-Listed Salmonids Below Englebright 
 ©2011, Yuba County Water Agency Page 35 of 76 

CDFG. 1998. A Status Review of the Spring-Run Chinook Salmon (Oncorhynchus tshawytscha) 
in the Sacramento River Drainage.  Candidate Species Status Report 98-01.  CDFG, 
Sacramento, CA. 

This status report was prepared in response to a petition to list Sacramento River spring-run 
Chinook salmon as an endangered species pursuant to the California Endangered Species Act 
(Fish and Game Code Sections 2050 et seq.).  Based on information available to CDFG at 
that time, and in consideration of existing and future proposed actions affecting spring-run 
Chinook salmon, CDFG (1998) concluded spring-run Chinook salmon to be threatened.   

Regarding the lower Yuba River, this report suggested that spring-run Chinook salmon 
populations may be hybridized to some degree with fall-run Chinook salmon due to lack of 
spatial separation of spawning habitat.  CDFG (1998) suggested measures to improve habitat 
and survival of spring-run Chinook salmon in the lower Yuba River, including: (1) 
supplement flows with water acquired from willing sellers; (2) reduce flow fluctuations; (3) 
maintain adequate instream flows for temperature control; (4) screen all diversions to meet 
CDFG and National Marine Fisheries Services (NMFS) criteria; (5) improve fish bypass at 
water diversions; (6) improve adult and juvenile passage at DPD; (7) maintain and improve 
riparian habitat; (8) operate reservoirs to provide adequate water temperatures; (9) evaluation 
of the feasibility of removal of Englebright Dam to re-introduce spring-run Chinook salmon 
to their historic range; and (10) changing CDFG fishing regulations to prevent take of adult 
spring-run Chinook salmon during upstream migration. 

Myers, J.M., R.G. Kope, G.J. Bryant, D. Teel, L.J. Lierheimer, T.C. Wainwright, W.S. 
Grand, F.W. Waknitz, K. Neely, S.T. Lindley, and R.S. Waples. 1998. Status review of 
Chinook salmon from Washington, Idaho, Oregon, and California. U.S. Dept. Commer., NOAA 
Tech. Memo. NMFS-NWFSC-35, 443 p. 

This document reports results of the comprehensive ESA status review of Chinook salmon 
from Washington, Oregon, California, and Idaho. To provide a context for evaluating these 
populations of Chinook salmon, biological and ecological information for Chinook salmon in 
British Columbia, Alaska, and Asia were also considered. NMFS formed a team of scientists 
with diverse backgrounds in salmon biology to conduct this review. This Biological Review 
Team (BRT) for Chinook salmon included fisheries scientists, and federal and state agencies.   

The BRT addressed issues related to the definition of Distinct Population Segments, 
population abundance, and causes of decline for Chinook salmon.  Ecoregions delineated in 
this report include those geographic areas throughout the broad distribution of Chinook 
salmon, including California’s Central Valley.  The BRT analyzed regional variations in life-
history, ecology, and genetic information as part of the assessment regarding California 
Central Valley Chinook salmon.  The report includes discussion and conclusions specific to 
Central Valley spring-run and fall-run ESU’s found in the Sacramento, Feather, and Yuba 
rivers.  
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NMFS (2007) reports that historically, spring-run Chinook salmon were predominant 
throughout the Central Valley, occupying the upper and middle reaches (450-1,600 m in 
elevation) of several rivers including Yuba, Feather, and Sacramento rivers, with smaller 
populations in most other tributaries with sufficient cold-water flow to maintain spring-run 
adults through the summer prior to spawning (Stone 1874, Rutter 1904, and Clark 1929 as 
cited in NMFS 2007). CDFG (1965) as cited in NMFS (2007), reported spring-run Chinook 
salmon to be extinct in the Yuba, American, Mokelumne, Stanislaus, Tuolumne, Merced, and 
San Joaquin Rivers. However, populations of spring-run Chinook salmon in the Sacramento 
and Yuba rivers were identified as being at a moderate risk of extinction (Nehlsen et al. 1991 
as cited in NMFS 2007).  

Calkins et al. (1940) estimated abundance at 55,595 fish in the Sacramento River Basin 
during the period 1931-39 (NMFS 2007). In the early 1960s, adult escapement was estimated 
to be 327,000, predominantly in the mainstem Sacramento River (187,000), but with 
substantial populations in the Feather (50,000), American (36,000), and Yuba (22,000) 
Rivers and in Battle Creek (21,000); remaining escapement was scattered among numerous 
tributaries (CDFG 1965 as cited in NMFS 2007). 

NMFS. 1998. Endangered and threatened species: Threatened status for two ESUs of steelhead in 
Washington, Oregon, and California. Federal Register [Docket No. 980225046-8060-02, 19 March 1998] 
63(53):13347. 
 

NMFS filed a final rule, notice of determination regarding the listing of two O. mykiss ESUs 
as threatened under the Endangered Species Act (ESA) located in Washington, Oregon, and 
California (Lower Columbia River) and including the Central Valley.  The Central Valley, 
California steelhead ESU occupies the Sacramento and San Joaquin Rivers and their 
tributaries.  NMFS (1998) has identified only naturally spawned populations of steelhead 
(and their progeny) residing below naturally and man-made impassable barriers (e.g., 
impassable waterfalls and dams) as threatened. 

The BRT identified long-term declines in abundance, small population sizes in the 
Sacramento River, and the high risk of interbreeding between hatchery and naturally 
spawned steelhead as major concerns for steelhead in this ESU. Addition, the BRT 
emphasized the significant loss of historic habitat, degradation of remaining habitat from 
water diversions, reduction in water quality and other factors, and the lack of monitoring data 
on abundance as other important risk factors for this ESU. During the examination of the 
relationship between hatchery and natural populations of steelhead assessed whether any 
hatchery populations are essential for their recovery. At this time, no hatchery populations 
are deemed essential for recovery (and hence listed) in either of the two listed ESUs. At this 
time, NMFS is listing only anadromous life forms of O. mykiss. NMFS(1998) concluded that 
Central Valley steelhead warrant listing as a threatened species at this time but may be 
reconsidered if new information indicates a substantial change in the biological status of this 
ESU or the direction of restoration efforts in the Central Valley. 
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YCWA. 2000. Draft Environmental Evaluation Report, Yuba County Water Agency, Yuba River 
Development Project (FERC No. 2246). Prepared by Yuba County Water Agency, Surface 
Water Resources Inc., and Jones and Stokes Associates. December 2000. 

An Environmental Evaluation Report was prepared to address potential effects of the 
operation of Yuba River Development Project (YRDP) on anadromous salmonids in the 
lower Yuba River below Englebright Dam.  The report was prepared in response to the 
listing of steelhead as threatened in March 1998, the listing of spring-run Chinook salmon in 
September 1999, and designation of critical habitat in February 2000.  The report evaluated 
potential flow and water temperature related effects, and compared instream conditions prior 
to the completion of New Bullards Bar Dam in 1970, and since that time.  In addition, the 
report listed several conservation measures being undertaken as part of YRDP operations in 
the lower Yuba River. 

Yoshiyama, R., E. Gerstung, F. Fisher, and P. Moyle.  2001.  Historical and Present 
Distribution of Chinook Salmon in the Central Valley Drainage of California.  In Contributions 
to the Biology of Central Valley Salmonids, California Fish and Game, Bulletin 179, Volume 1.  
Salmonid Symposium, Bodega Bay, California. October 22-24, 1997, Randall Brown, editor. 

This report characterized historic distributions of Chinook salmon throughout the Central 
Valley of California and states that both spring- and fall-run Chinook salmon historically 
occurred in the Yuba River watershed. 

Yoshiyama et al. (2001) reported that salmon were caught in the North Fork Yuba River by 
PG&E workers in the Bullards Bar area during the 1898–1911 period of operation of the 
Yuba Powerhouse Project, and that salmon ascended in “considerable numbers” up to 
Bullards Bar Dam during its period of construction (1921–1924).  This report stated that 
there were no natural barriers above the Bullards Bar Dam site, so Chinook salmon and 
steelhead presumably had been able to ascend a considerable distance up the North Fork 
Yuba River, potentially as far as Downieville at the mouth of the Downie River (CDFG file 
records as cited in Yoshiyama et al. 2001). This report further suggested that: (1) there were 
no natural obstructions from Downieville upstream to Sierra City, where Salmon Creek 
enters, spring-run Chinook salmon and steelhead most likely were able to traverse that 
distance; (2) spring-run Chinook salmon and steelhead probably ascended the higher-gradient 
reaches up to about two miles above the juncture of Salmon Creek; and (3) the absolute 
upstream limit on the North Fork Yuba River would have been Loves Falls for spring-run 
Chinook salmon and steelhead.  

This report stated that in the Middle Fork Yuba River, there were no significant natural 
obstructions except for a 10-foot falls in the lower reach, and Chinook salmon possibly had 
access to a considerable portion of the Middle Fork Yuba River. Both Chinook salmon and 
steelhead were observed in the lower part of the Middle Fork Yuba River, near where the 
North Fork Yuba River joins, during a CDFG survey in 1938 (CDFG unpublished data as 
cited in Yoshiyama et al. 2001). Steelhead were found as far upstream as the mouth of 
Bloody Run Creek (CDFG unpublished data as cited in Yoshiyama et al. 2001). Whether 
Chinook salmon also reached that far remains conjectural.  Yoshiyama et al. (2001) 
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concluded that direct information was lacking and it was uncertain if many salmon were able 
to surmount the 10-foot falls on the lower river, and they conservatively considered the falls 
located 1.5 mi. above the mouth as the effective upstream limit of salmon in the Middle Fork 
Yuba River.  

Yoshiyama et al. (2001) reported that little is known of the original distribution of salmon in 
the South Fork Yuba River where the Chinook salmon population was severely depressed 
and upstream access was obstructed by dams when CDFG began surveys in the 1930s. There 
were records of salmon occurring within one to two miles upstream of the mouth of the 
South Fork Yuba River (DFG unpublished data as cited in Yoshiyama et al. 2001). A 
substantial cascade with at least a 12-foot drop, located one-half mile below the juncture of 
Humbug Creek (CRA 1972; Stanley and Holbek 1984; as cited in Yoshiyama et al. 2001), 
may have posed a significant obstruction to salmon migration, but it was not necessarily a 
complete barrier. However, Yoshiyama et al. (2001) categorized the cascade below Humbug 
Creek as essentially the historical upstream limit of salmon during most years of natural 
streamflows. They also stated that steelhead were known to have ascended the South Fork 
Yuba River as far as the juncture of Poorman Creek near the present town of Washington 
(CDFG unpublished data as cited in Yoshiyama et al. 2001), and perhaps some spring-run 
Chinook salmon historically also reached that point.  

CDWR and USACE. 2003a. Daguerre Point Dam Fish Passage Improvement Project 2002 
Fisheries Studies – Analysis of Potential Benefits to Salmon and Steelhead from Improved Fish 
Passage at Daguerre Point Dam. Prepared for CDWR and USACE by ENTRIX, Inc. and J. 
Monroe. March 2003.  

The purpose of this report was to examine available data on habitat conditions, flow, passage, 
and spawning above and below DPD to assist in the analysis of potential benefits or impacts 
of improved passage at the dam prior to selection of an alternative concept(s) for 
consideration in the environmental review process. The report included a review of available 
data from CDFG, USFWS, JSA, and other sources.  It also incorporated field observations of 
river habitat conditions made by ENTRIX, Inc. (ENTRIX) in September of 2002 (ENTRIX 
and J. Munroe 2003 as cited in CDWR and USACE 2003).  The report described channel 
morphology, spawning habitat suitability, historical and potential habitat use by species, 
water temperature, hydrology, as well as discussions regarding conceptual benefits and 
impacts for different fish passage alternatives. 

CDWR and USACE. 2003b. Daguerre Point dam fish passage improvement project 2002 water 
resources studies. Prepared for CDWR and USACE by ENTRIX, Inc. June 2003.  

The purpose of this report was to summarize and analyze the available hydrologic (including 
groundwater and flooding), hydraulic, and sediment data for the lower Yuba River.  This 
report characterized the conditions on the river, including hydrology (groundwater and 
surface water), flow hydraulics, sediment transport, and flooding as part of the DPD Fish 
Passage Improvement Project. 
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USACE. 2003. Daguerre Point Dam Fish Passage Improvement Project – Alternative Concepts 
Evaluation. Prepared for ENTRIX, Inc. by W. Rodgers, Inc. September 2003.   

USACE (2003) focused conceptually on improving fish passage for native anadromous fish 
species at DPD while maintaining water interests and flood management.  Project alternative 
feasibility was assessed with consideration given to fisheries benefits and limitations, 
environmental impacts, sediment/mercury containment, water supply impacts, operation and 
maintenance requirements, engineering and construction demands, and economics.   

YCWA. 2003. Initial Study/Proposed Mitigated Negative Declaration for the Narrows 2 
Powerplant Flow Bypass System Project. November 2003. 

The Initial Study (YCWA 2003) addressed the environmental impacts of construction and 
operation of a synchronous full-flow bypass at YCWA’s Narrows 2 Powerplant.  Prior to 
implementation of the Narrows 2 Powerplant Full-flow Bypass System, the Narrows 2 
Powerplant did not allow the full-flow capacity to be bypassed during non-operation.  Even a 
brief loss of power resulted in a substantial loss of river flow.  YCWA (2003) suggested that 
any facility shutdowns, particularly those occurring during the warm and dry summer 
months, could result in flow and temperature conditions in the lower Yuba River potentially 
detrimental to fish by increasing water temperatures in the river above physiologically 
suitable levels, or reducing flow magnitude to levels that could result in redd dewatering or 
juvenile stranding. 

The primary objectives of the Narrows 2 Powerplant Full-flow Bypass System Project were 
to: (1) maintain more stable releases from the Narrows 2 Powerplant during emergency and 
maintenance shutdowns at the same flow rate as was being discharged before the shutdown 
occurred; and (2) make the flow fluctuation and reduction criteria stated in YCWA’s FERC 
License No. 2246 more protective of downstream fish species than the criteria that were 
previously stated in that license.  Detailed information on the population status, lifestages, 
general population trends, and critical habitat for Central Valley spring-run Chinook salmon 
and Central Valley steelhead in the lower Yuba was provided in Appendix B to the IS/MND.   

Since the issuance of the SWRCB Yuba Accord Water Rights Decision (D-1644) in March 
2008, a full-flow bypass structure has been installed on the Narrows 2 hydropower facility 
which will essentially eliminate the potential for detrimental flow and temperature 
fluctuations to occur in the lower Yuba River associated with maintenance and operation of 
the Narrows 2 Powerplant.   

YCWA, FERC, and NMFS. 2003. Biological Assessment, Yuba River Development Project 
(FERC No. 2246) Proposed License Amendment. Prepared for Yuba County Water Agency, 
Federal Energy Regulatory Commission, and National Marine Fisheries Services by Surface 
Water Resources, Inc.  

This Biological Assessment addressed a proposed amendment to the Federal Power Act 
(FPA) license for Project No. 2246 issued to the YCWA by the Federal Power Commission 
(FPC). Pursuant to 50 CFR 402.11, YCWA filed with the Federal Energy Regulatory 
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Commission (FERC), a definitive proposal to amend the license to: (1) authorize YCWA to 
construct and operate a synchronous full-flow bypass (bypass) at YCWA’s Narrows II 
Powerhouse; and (2) revise the license’s flow reduction and fluctuation criteria. 

This Biological Assessment concluded that the Proposed Action generally will improve 
conditions for Central Valley spring-run Chinook salmon and steelhead in the lower Yuba 
River by largely eliminating adverse effects on those species resulting from unplanned 
outages at the Narrows 2 Powerhouse; the primary element of the Proposed Action that will 
have this effect is the installation of a synchronous full-flow bypass at the Narrows II 
Powerhouse. Biological effects of short-term outages were expected to be eliminated by 
providing essentially simultaneous restoration of flows. Biological effects of long-term 
outages on spring-run Chinook salmon and steelhead were expected to be eliminated by 
allowing YCWA to bypass almost the entire river flow without generating electricity.  

CALFED and YCWA. 2005. Draft Implementation Plan for the Lower Yuba River Anadromous 
Fish Habitat Restoration: Multi-Agency Plan to Direct Near-Term Implementation of Prioritized 
Restoration and Enhancement Actions and Studies to Achieve Long-Term Ecosystem and 
Watershed Management Goals. Prepared by Lower Yuba River Fisheries Technical Working 
Group. Funded by CALFED and Yuba County Water Agency. October 2005. 

The purpose and goal of the CALFED and YCWA (2005) report was to facilitate the 
implementation of prioritized actions and studies that intended to protect, enhance, and 
restore: (1) the Yuba River aquatic and riparian habitats; (2) the key processes that create and 
maintain these habitats; and (3) the anadromous fish species that use such habitats.   

The report described abiotic (geomorphology, water flow, and water temperature) and biotic 
(habitat, species-specific profile and population status) conditions in the lower Yuba River 
watershed to provide a technical basis for the development of species-specific conceptual 
models to assess how physical conditions may be affecting the anadromous fish species of 
primary management concern (i.e., spring- and fall-run Chinook salmon, steelhead, green 
sturgeon, American shad and striped bass).  The conceptual models prioritized potential life-
stage specific stressors that may negatively affect fish survival, growth or other critical 
lifecycle processes.  

CALFED and YCWA (2005) identified major factors (directly flow-related) influencing the 
status of naturally-spawning spring-run Chinook salmon and steelhead in the lower Yuba 
River including: (1) restricted flow-dependent habitat availability; (2) limited habitat 
complexity and diversity; (3) elevated water temperatures; and (4) flow fluctuations. Major 
factors (not directly flow-related) influencing the status of naturally-spawning spring-run 
Chinook salmon and steelhead in the Yuba River were identified as: (1) blockage of historic 
spawning habitat resulting from the construction of the Englebright Dam in 1941, which has 
implications for the spatial structure of the populations; (2) impaired adult upstream passage 
at DPD; (3) unsuitable spawning substrate in the uppermost area (i.e., Englebright Dam to 
the Narrows) of the lower Yuba River; (4) limited riparian habitats, riverine aquatic habitats 
for salmonid rearing, and natural river function and morphology; and (5) impaired juvenile 
downstream passage at DPD. 
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Good, T.P., R.S. Waples, and P. Adams (editors). 2005. Updated status of federally listed 
ESUs of West Coast salmon and steelhead. U.S. Dept. Commer., NOAA Tech. Memo. NMFS-
NWFSC-66, 598 p.  

This report summarizes biological information updated from the 1999 status review for the 
26 ESUs of listed salmon and steelhead, and one candidate ESU (lower Columbia coho 
salmon), and presents the team’s conclusions regarding the current risk status of the these 
ESUs. The status of the Central Valley spring-run Chinook salmon ESU, which includes 
populations found on the Yuba River, was formally assessed during a coastwide status 
review (Myers et al. 1998). In June 1999, a BRT convened to update the status of this ESU 
by summarizing information and comments received since the 1997 status review and 
presenting BRT conclusions concerning four deferred Central Valley Chinook salmon ESUs 
(NMFS 1999). The Good et al. (2005) Biological Review Team (BRT) consisted of scientists 
from the NMFS Northwest and Southwest Fisheries Science Centers, and supplemented by 
experts on particular species from NMFS and other federal agencies 

Good et al. (2005) suggests that previous status reviews were focused primarily on risk 
assessments, and (apart from the discussion of resident fish in steelhead ESUs) did not 
consider issues associated with the geographic boundaries, artificial propagation, or non-
anadromous resident forms of ESUs. These issues, as well as hatchery information from the 
Salmon and Steelhead Hatchery Assessment Group (SSHAG), and updated stock histories 
and biological information for every hatchery population, were further reviewed by Good et 
al. (2005) to obtain a better understanding of the nature and role of hatcheries associated with 
each listed ESU and to facilitate conclusions about the ESU/DPS status of resident fish.   

Good et al. (2005) reports that of the numerous populations of Central Valley spring-run 
Chinook salmon once inhabiting Sierra Nevada streams, only the Feather River and Yuba 
River populations remain. The BRT indicates that little is known about the status of the 
spring-run Chinook salmon population on the Yuba River, other than that it appears to be 
small (Good et al. 2005). 

The Feather and Yuba rivers contain populations that are thought to be significantly 
influenced by the Feather River Hatchery spring-run Chinook salmon stock. The Feather 
River Hatchery spring-run Chinook salmon program releases its production far downstream 
of the hatchery, causing high rates of straying (CDFG 2001a). The BRT suggests there is 
concern that Central Valley fall-run and spring-run Chinook salmon have hybridized, and 
that the Feather River Central Valley spring-run Chinook salmon population is depends on 
Feather River Hatchery production (Good et al. 2005). The BRT reports the Feather River 
Hatchery stocks as a major threat to the genetic integrity of the remaining wild, spring-run 
Chinook salmon populations. 

Good et al. (2005) indicates that Yuba River spring-run Chinook salmon, Feather River 
Hatchery spring-run Chinook salmon, and putative Feather River natural spring-run Chinook 
salmon, were categorized into a large cluster composed mostly of natural- and hatchery-
origin fall-run Chinook salmon. In the original Chinook salmon status review conducted by 
Myers et al. (1998), a majority of the BRT members concluded that the Central Valley 
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spring-run Chinook salmon ESU was in danger of extinction (Good et al. 2005). Listing of 
this ESU was deferred, and in the status review update conducted by NMFS (1999), the BRT 
majority shifted to the view that this ESU was not in danger of extinction, but was likely to 
become endangered in the foreseeable future (Good et al. 2005). A major reason for this shift 
was data indicating that a large run of spring-run Chinook salmon on Butte Creek in 1998 
was naturally produced, rather than strays from Feather River Hatchery. Naturally spawning 
spring-run Chinook salmon in the Feather River were included in the listing, but the Feather 
River Hatchery stock of spring-run Chinook salmon was excluded. Little is known about the 
status of the spring-run Chinook salmon population on the Yuba River, other than that it 
appears to be small. 

NMFS. 2005. Preliminary Biological Opinion Based on Review of the Proposed Yuba River 
Development Project License Amendment for Federal Energy Regulatory Commission License 
No. 2246, Located on the Yuba River in Yuba County, California, and Its Effects on Threatened 
Central Valley Spring-Run Chinook Salmon (Oncorhynchus Tshawytscha) and Central Valley 
Steelhead (O. Mykiss), in Accordance With Section 7 of the Endangered Species Act of 1973, As 
Amended. November 4, 2005.  

NMFS issued a preliminary biological opinion (BO) to FERC which analyzed the potential 
effects of the proposed Yuba River Development Plan License Amendment (FERC License 
No. 2246) on threatened Central Valley spring-run Chinook salmon and Central Valley 
steelhead.   Subsequent to the completion of this BO, the action area was proposed for 
designation as critical habitat for these two fish species, as well as for the southern-DPS of 
North America green sturgeon.  A final rule designating critical habitat was published 
September 2, 2005 (70 FR 52488) and became effective January 2, 2006.  Therefore the 
NMFS (2005) Preliminary BO as a final BO considering effects of the Yuba River 
Development Plan on Central Valley spring-run Chinook salmon and Central Valley 
steelhead, and as a conference opinion considering project effects on the Southern-DPS of 
North American green sturgeon.   

NMFS (2005) provided a review of available information that generally described lifehistory 
characteristics for lower Yuba River threatened species.  NMFS (2005) reported that a loss of 
habitat and altered instream flow conditions were the primary factors affecting the status of 
critical habitat for spring-run Chinook salmon.  Additionally, NMFS (2005) reported that 
predation by striped bass and largemouth bass may be exacerbated by the alteration of natural 
flow regimes and structures.   

Gard, M. 2007.  Flow-habitat relationships for spring and fall-run Chinook salmon and 
steelhead/rainbow trout spawning in the Yuba River.  Draft report prepared by the Energy 
Planning and Instream Flow Branch of the USFWS, Sacramento, CA. April 19, 2007. 

This draft report presented flow-habitat relationships for spring- and fall-run Chinook salmon 
and steelhead/rainbow trout spawning in the lower Yuba River.  This draft report used the 2-
dimensional hydraulic model River2D and habitat suitability criteria (HSC) developed for the 
lower Yuba River from data collected during 2000 – 2004. Representatives of YCWA, 
PG&E, and UC Davis submitted comments on this draft report, requesting necessary 
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revisions to the hydraulic model, and particularly to the HSC development.  Although the 
report was revised in March 2008, The issues raised in the comments remain unresolved.   

Lindley, S., R. Schick, E. Mora, P. B. Adams, J. J. Anderson, S. Greene, C. Hanson, B. P. 
May, D. McEwan, R. B. MacFarlane, C. Swanson, and J. G. Williams.  2007.  Framework 
for Assessing Viability of Threatened and Endangered Chinook Salmon and Steelhead in the 
Sacramento-San Joaquin Basin.  San Francisco Estuary & Watershed Science Volume 5:  
California Bay-Delta Authority Science Program and the John Muir Institute of the Environment. 

This report provided a framework to assess the viability of threatened and endangered 
Chinook salmon and steelhead in the Sacramento-San Joaquin basin, and included some 
information regarding the Yuba River. Lindley et al. (2007) reported that adult Chinook 
salmon expressing the phenotypic timing of adult immigration associated with spring-run 
Chinook salmon persisted and spawned in the lower Yuba River below the Englebright Dam, 
and that the lower Yuba River is among the last Central Valley floor tributaries supporting 
populations of naturally-spawning spring-run Chinook salmon and steelhead. They reported 
that in the long-term, the Yuba River has high potential for maintaining suitable anadromous 
salmonid habitat, despite the expected long-term climate warming, and that under the 
expected climate warming scenario of about 5°C by the year 2100, substantial salmonid 
habitat would be lost in the Central Valley, with the Yuba River being one of the only 
Central Valley tributaries with significant amounts of habitat remaining. 

YCWA. 2007. Draft Environmental Impact Report/Environmental Impact Statement for the 
Proposed Lower Yuba River Accord.  Prepared for the Department of Water Resources, Bureau 
of Reclamation and Yuba County Water Agency by HDR|SWRI.  June 2007. 

The Draft EIR/EIS for the Proposed Lower Yuba River Accord provided a comprehensive 
compilation of existing information regarding the aquatic resources of the lower Yuba River, 
as well as descriptions of the development of the Yuba Accord flow schedules and impact 
evaluation.  The Fisheries Chapter of the Draft EIR/EIS consisted of 411 pages, with over 
15,000 pages of related model output in the Appendices.  Provided below is a brief summary 
of the most relevant information presented in YCWA (2007) regarding population 
characteristics of spring-run Chinook salmon and steelhead, and development of the Yuba 
Accord flow schedules.  

Population Characteristics 

The spring-run Chinook salmon spawning period extends from September through 
November, while the embryo incubation life stage generally extends from September to 
March.   Limited redd surveys during late-August and September conducted by CDFG have 
detected spawning activities beginning during the first or second week of September. They 
have not detected a bimodal distribution of spawning activities (i.e., a distinct spring-run 
spawning period followed by a distinct fall-run Chinook salmon spawning period) but instead 
have detected a slow build-up of spawning activities starting in early September and 
transitioning into the main fall-run spawning period. 
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Spring-run Chinook salmon juveniles are believed to rear in the lower Yuba River year-
round. In general, juvenile Chinook salmon have been observed throughout the lower Yuba 
River, but with higher abundances above DPD.  This may be due to larger numbers of 
spawners, greater amounts of more complex, high-quality cover, and lower densities of 
predators such as striped bass and American shad, which reportedly are restricted to areas 
below DPD (YCWA 2007). 

The spring-run Chinook salmon smolt emigration period is believed to extend from 
November through June, although based on CDFG’s run-specific determinations, the vast 
majority (approximately 94 percent) of spring-run Chinook salmon were captured as post-
emergent fry during November and December, with a relatively small percentage (nearly 6 
percent) of individuals remaining in the lower Yuba River and captured as YOY from 
January through March.  Only 0.6 percent of the juvenile Chinook salmon identified as 
spring-run were captured during April, 0.1 percent during May, and none were captured 
during June (YCWA 2007).   

Steelhead adult immigration and holding in the lower Yuba River extends from August 
through March (YCWA 2007).  Spawning generally extends from January through April, 
primarily occurring in reaches upstream of DPD. The embryo incubation life stage generally 
extends from January through May.  Juvenile steelhead/rainbow trout are believed to rear in 
the lower Yuba River year-round.   

Steelhead/rainbow trout juveniles have been observed moving downstream past the lower 
portion of the lower Yuba River during spring and summer months.  However, at least some 
of this downstream movement may be associated with the pattern of flows in the river.  
Based upon the substantial differences in juvenile steelhead/rainbow trout downstream 
movements (RST catch data) noted between the 2001 study, and the 2002 and 2004 studies, 
it is apparent that the increases in juvenile steelhead downstream movement associated with 
the initiation of the 2001 water transfers were avoided due to a more gradual ramping-up of 
flows that occurred in 2002 and 2004. The steelhead smolt emigration period is believed to 
extend from October through May (YCWA 2007).   

Yuba Accord Flow Schedules 

Development of the flow schedules and the three agreements that comprise the Yuba Accord 
was a collaborative process that took place over a period of approximately two and a half 
years.  The flow schedules were developed by a Technical Team of biologists representing 
YCWA, the NGOs, CDFG, NMFS, and USFWS with the express goal of optimizing 
fisheries conditions in the lower Yuba River. During development of the flow regime for the 
Yuba Accord, extensive stressor analyses were undertaken which principally considered 
steelhead, spring-run Chinook salmon, and fall-run Chinook salmon.   

A suite of six flow schedules, plus Conference Year rules for 1-in-100 critically dry years, 
were developed and are based on water availability, including inflow into New Bullards Bar 
Reservoir and reservoir carry-over storage. In addition to the biological and other science-
based considerations, one of the Technical Team’s objectives was to maximize the 
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probability of occurrence of the higher flow schedules (1 and 2) while minimizing the 
probability of occurrence of the very low flow schedules (6 and Conference Year).  Based on 
computer simulation model results, the estimated predicted probabilities of occurrence over 
the 78-year period of hydrologic record indicate that the two most optimum flow schedules 
(1 and 2) would be achieved nearly 80 percent of the time. 

To support the impact analyses conducted for the Yuba Accord EIR/EIS, hydrologic 
modeling was used to simulate potential changes in flows and water temperatures in the 
lower Yuba River that would be expected to occur as a result of implementing the Yuba 
Accord. The fisheries analyses utilized several methodologies to evaluate project-related 
impacts, including: (1) a flow-duration assessment; (2) evaluation of flow dependent 
spawning habitat availability expressed as weighted usable area; and (3) utilization of 
available data on flow and water temperature relationships to determine the cumulative 
probabilistic distribution of water temperatures for each month at a given river location.  

A statistical water temperature model was developed to evaluate the potential impacts of the 
alternatives considered in the Yuba Accord EIR/EIS.  The statistical model was used to 
estimate the effects of various New Bullards Bar Reservoir storage regimes, flow releases, 
and diversions at DPD on water temperatures in the lower Yuba River.   

Water temperature evaluations conducted for the Yuba Accord EIR/EIS indicated that Yuba 
River water temperatures generally remain suitable for all life stages of spring-run Chinook 
salmon and steelhead with implementation of the Yuba Accord flow schedules. Water 
temperatures generally remained below 58°F year-round (including summer months) at 
Smartsville, and generally remain below 60°F year-round at DPD. At Marysville, water 
temperatures generally remain below 60°F from October through May, and generally remain 
below 65°F from June through September. 

Gard, M. 2008a.  Flow-Habitat Relationships for Juvenile Spring/Fall-Run Chinook Salmon 
and Steelhead/Rainbow Trout Rearing in the Yuba River.  Draft report prepared by the Energy 
Planning and Instream Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented flow-habitat relationships for spring- and fall-run Chinook salmon 
and steelhead/rainbow trout juvenile rearing in the lower Yuba River.  This draft report used 
the 2-Dimensional hydraulic model River2D and habitat suitability criteria (HSC) developed 
for the lower Yuba River from data collected during 2003 – 2005. Representatives of 
YCWA, PG&E, and UC Davis submitted comments on the draft report requesting necessary 
revisions to the hydraulic model and HSC development.  These comments have not been 
addressed to date.  

Gard, M. 2008b.  Sensitivity Analysis for Flow-Habitat Relationships for Steelhead/Rainbow 
Trout Spawning in the Yuba River. Draft report prepared by the Energy Planning and Instream 
Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented a sensitivity analysis that was conducted to examine the effects of 
alternative criteria on flow-habitat relationships and biological validation for 
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steelhead/rainbow trout spawning in the lower Yuba River.  This draft report did not resolve 
the comments made by representatives of YCWA, PG&E and UC Davis on the Gard 2007 
draft report. 

Gard, M. 2008c.  Relationships Between Flow Fluctuations and Redd Dewatering and Juvenile 
Stranding for Chinook Salmon and Steelhead/Rainbow Trout in the Yuba River.  Draft report 
prepared by the Energy Planning and Instream Flow Branch of the USFWS, Sacramento, CA. 

This draft report presented potential relationships between lower Yuba River flow 
fluctuations and Chinook salmon and steelhead/rainbow trout redd dewatering and juvenile 
entrapment stranding.  These relationships were presented as the percentages of spawning 
habitat dewatered and area stranded with different flow reductions.  The draft report assumed 
that juvenile salmon would be stranded if the depth at the stranding point is less than the 
minimum depth at which Gard (2008a) found juvenile salmon during juvenile habitat 
suitability data collection, and that there would be insufficient intra-gravel flow through a 
redd if the mean water column velocity at the redd was less than the lowest velocity at which 
Gard (2007) found a salmonid redd in the lower Yuba River.  YCWA has provided 
comments on this draft report. 

NMFS. 2009. Draft Recovery Plan for the Evolutionarily Significant Units of Sacramento River 
Winter-run Chinook Salmon and Central Valley Spring-run Chinook Salmon, and the Distinct 
Population Segment of Central Valley Steelhead. National Marine Fisheries Service, Southwest 
Regional Office, Sacramento, California. October 2009. 

The NMFS (2009) Public Draft Recovery Plan for the Evolutionarily Significant Units of 
Sacramento River Winter-run Chinook Salmon and Central Valley Spring-run Chinook 
Salmon, and the Distinct Population Segment of Central Valley Steelhead (“Draft Recovery 
Plan”) recognizes the importance and potential to increase spring-run Chinook salmon and 
steelhead populations in the lower Yuba River. The Draft Recovery Plan (NMFS 2009) 
established three priority levels to help guide recovery efforts for watersheds that are 
currently occupied, and are referred to as Core 1, 2, and 3 populations.  Core 1 Populations 
are highest priority, have a known ability or potential to support viable populations, and have 
the capacity to respond to recovery actions.  Spring-run Chinook salmon and steelhead in the 
lower Yuba River are Core 1 populations. Core 1 populations form the foundation of the 
recovery strategy, and should be the first focus of an overall recovery effort (NMFS 2009). 

The Draft Recovery Plan (NMFS 2009) states that “…many of the processes and conditions 
that are necessary to support a viable independent population of spring-run Chinook salmon 
can be improved with provision of appropriate instream flow regimes, water temperatures, 
and habitat availability. Continued implementation of the Yuba Accord is expected to 
address these factors and considerably improve conditions in the lower Yuba River”.  

The lower Yuba River, downstream of Englebright Dam, was characterized as having a high 
potential to support viable populations of spring-run Chinook salmon and steelhead, 
primarily because: (1) the river supports persistent populations of spring-run Chinook salmon 
and steelhead; (2) flow and water temperature conditions are generally suitable to support all 
life stage requirements; (3) the river does not have a hatchery on it; (4) spawning habitat 
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availability does not appear to be limiting; and (5) there is high habitat restoration potential 
(NMFS 2009). 

The Draft Plan (NMFS 2009) states, that in order to secure a viable independent population 
of spring-run Chinook salmon, and to secure the extant population and promote a viable 
population of steelhead in the lower Yuba River, several key near-term and long-term habitat 
restoration actions were identified, including the following: 

 Continued implementation of the Yuba Accord flow schedules to provide suitable habitat 
(flow and water temperature) conditions for all life stages 

 Improvements to adult salmonid upstream passage at DPD  

 Improvements to juvenile salmonid downstream passage at DPD 

 Implementation of a spawning gravel augmentation program in the uppermost reach (i.e., 
Englebright Dam to the Narrows) of the lower Yuba River 

 Improvements to riparian habitats for juvenile salmonid rearing  

 Creation and restoration of side-channel habitats to increase the quantity and quality of 
off-channel rearing (and spawning) areas 

 Implementation of projects to increase floodplain habitat availability to improve habitat 
conditions for juvenile rearing 

The Draft Plan (NMFS 2009) identified the following Priority 1 recovery actions for the 
Yuba River: (1) develop and implement a phased approach to salmon reintroduction planning 
to recolonize historic habitats above Englebright Dam; and (2) improve spawning habitat in 
the lower Yuba River by gravel restoration program below Englebright Dam and improve 
rearing habitat by increasing floodplain habitat availability.  

Comments on the Draft Recovery Plan (NMFS 2009), including issues specific to the lower 
Yuba River and the Yuba River Watershed, have been provided to NMFS.  FR (51553-
51555) states that all comments received by the due date will be considered before NMFS’ 
decision whether to adopt a final recovery plan. NMFS (74 FR 51553) specifically states that 
it will consider and address all substantive comments received during the comment period.  
A Final Recovery Plan has not yet been issued. 

CDFG and PG&E. 2009. Draft Habitat Expansion Agreement for Central Valley Spring-Run 
Chinook Salmon and California Central Valley Steelhead. November 2009. 

PG&E and CDWR entered into the Habitat Expansion Agreement for Central Valley Spring-
Run Chinook Salmon and California Central Valley Steelhead (HEA) effective November 
20, 2007, with multiple government and non-government entities including American Rivers, 
Arthur G. Baggett, Jr., CDFG, U.S. Department of Agriculture Forest Service, NMFS, 
USFWS, and the State Water Contractors.  The overall goal of the HEA is to expand the 
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amount of habitat with the physical characteristics necessary to support spawning, rearing 
and adult holding of spring-run Chinook salmon (and steelhead) in the Sacramento River 
Basin. Specifically, the Habitat Expansion Threshold (HET) is to expand spawning, rearing 
and adult habitat sufficiently to accommodate an annual estimated net increase of 2,000 to 
3,000 spring-run Chinook salmon for spawning in the Sacramento River Basin. The HET is 
focused on spring-run Chinook salmon as the priority species, because expansion of habitat 
for spring-run Chinook salmon typically accommodates steelhead as well (CDFG and PG&E 
2009).  The intent of the HEA is to create “permanent” solutions to problems which provide 
benefits through the term duration of a typical FERC license (i.e., up to 50 years).  

Substantial efforts have been undertaken to identify, develop and consider the relative merits 
of habitat restoration actions in the lower Yuba River. The need for, identification of, and 
relative merits of the actions to expand habitat and accomplish the goals of the Oroville 
FERC Relicensing HEA regarding biological, physical and operational considerations 
pertinent to the lower Yuba River were presented in a report as Appendix G to the Draft 
HEA during early November 2009. The lower Yuba River has been designated as having a 
high potential to meet the HEA goals and thresholds. A Final HEA has not yet been adopted.  
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ONGOING DATA COLLECTION, MONITORING AND EVALUATION ACTIVITIES 

LOWER YUBA RIVER ACCORD MONITORING AND EVALUATION PROGRAM 

The Yuba Accord River Management Team (RMT) is comprised of representatives of YCWA, 
NMFS, USFWS, CDFG, PG&E, CDWR, and the non-governmental organizations (NGOs) that 
are parties to the Fisheries Agreement of the Yuba Accord (South Yuba River Citizens League, 
Trout Unlimited, Friends of the River, The Bay Institute).  The RMT, in collaboration with 
representatives from University of California at Davis and the Pacific States Marine Fisheries 
Commission, has developed a Monitoring and Evaluation Program (M&E Program) to guide the 
efficient expenditure of approximately $6 million to evaluate the effects of implementation of the 
Yuba Accord on the aquatic resources of the lower Yuba River over the period extending from 
2008 to 2016. Monitoring and data from implementation of the M&E Program will be complied 
into annual reports and available at the RMT website www.yubaaccordrmt.com.  The M&E 
Program embraces a monitoring-based adaptive management approach to increase the 
effectiveness of, and to address the scientific uncertainty associated with, specific monitoring 
and study activities, and restoration actions. Within the framework of this M&E Program, the 
RMT retains the flexibility to revise monitoring actions to address specific issues or obtain 
additional information. In addition, the parties to the Fisheries Agreement of the Yuba Accord 
intended that the monitoring and data collection activities implemented via the M&E Program 
will produce a useful database for the proceedings of the Federal Energy Regulatory 
Commission (FERC) regarding the relicensing of YCWA’s Yuba River Development Project.   

In addition to monitoring and evaluation of the fish community, the fisheries evaluations in this 
M&E Program focus on steelhead/rainbow trout and the two principal Chinook salmon runs that 
are known to use the lower Yuba River (i.e., fall-run and spring-run4,5 Chinook salmon), 
although evaluations of Chinook salmon exhibiting the phenotypic characterization of lifestage 
periodicities associated with late fall-run Chinook salmon also are included6. Regarding 
steelhead/rainbow trout, the physical appearance of adults and the presence of seasonal runs and 
year-round residents indicate that both sea-run (steelhead1) and resident rainbow trout exist in the 
lower Yuba River.  Thus, it is recognized that both anadromous and resident lifehistory strategies 
of O. mykiss have been and continue to be present in the lower Yuba River, resulting in the use 
of the term “steelhead/rainbow trout” when referring to O. mykiss in this document. 

The primary purpose of the M&E Program is to provide the monitoring data necessary to 
evaluate whether implementation of the Yuba Accord will maintain fish resources (i.e., the fish 
community including native fish and non-native fish) of the lower Yuba River in good condition, 
and will maintain viable anadromous salmonid populations.  The “Viable Salmonid Population” 
(VSP) concept was developed by McElhany et al. (2000; as cited in the M&E Program) in order 

                                                 
4 Federally listed as threatened. 
5 State listed as threatened.  
6 Although late fall-run Chinook salmon populations occur primarily in the Sacramento River (CDFG Website 
2007), use of the lower Yuba River by late fall-run Chinook salmon has been reported to occur (D. Massa, CDFG, 
pers. comm.; M. Tucker, NMFS, pers. comm.).  When the various studies addressing steelhead and spring-run and 
fall-run Chinook salmon are conducted, the collected data will be analyzed to examine Chinook salmon exhibiting 
phenotypic characterizations of late fall-run Chinook salmon. 
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to facilitate establishment of Evolutionarily Significant Unit (ESU)-level delisting goals and to 
assist in recovery planning by identifying key parameters related to population viability.  Four 
key parameters were identified by McElhaney et al. (2000; as cited in the M&E Program) as the 
key to evaluating population viability status, including: (1) abundance; (2) productivity; (3) 
diversity; and (4) spatial structure.  McElhaney et al. (2000; as cited in the M&E Program) 
interchangeably use the term population growth rate (i.e., productivity over the entire life cycle) 
and productivity.  Good et al. (2007; as cited in the M&E Program) used the term productivity 
when describing this VSP parameter, which also is the term used for this parameter in the Yuba 
Accord M&E Program.  

Abundance is an important determinant of risk, both by itself and in relationship to other factors 
(McElhaney et al. 2000 as cited in the M&E Program).  Small populations are at a greater risk 
for extinction than larger populations because risks that affect the population dynamics operate 
differently on small populations than in large populations.  A variety of risks are associated with 
the dynamics of small populations, including directional effects (i.e., density dependence - 
compensatory and depensatory), and random effects (i.e., demographic stochasticity, 
environmental stochasticity, and catastrophic events).   

The parameter of productivity and factors that affect productivity provide information on how 
well a population is “performing” in the habitats it occupies during the life cycle (McElhaney et 
al. 2000 as cited in the M&E Program).  Productivity and related attributes are indicators of a 
population’s performance in response to its environment and environmental change and 
variability.  Intrinsic productivity (the maximum production expected for a population 
sufficiently small relative to its resource supply not to experience density dependence), the 
intensity of density dependence, and stage-specific productivity (productivity realized over a 
particular part of the life cycle) are useful in assessing productivity of a population.   

Diversity refers to the distribution of traits within and among populations, and these traits range 
in scale from DNA sequence variation at single genes to complex life-history traits (McElhaney 
et al. 2000 as cited in the M&E Program).  Traits can be completely genetic or vary do to a 
combination of genetics and environmental factors.  Diversity in traits is an important parameter 
because: (1) diversity allows a species to use a wide array of environments; (2) diversity protects 
a species against short-term spatial and temporal changes in its environment; and (3) genetic 
diversity provides the raw material for surviving long-term environmental changes (McElhaney 
et al. 2000 as cited in the M&E Program).  Some of the varying traits include run timing, 
spawning timing, age structure, outmigration timing, etc.  Straying and gene flow strongly 
influence patterns of diversity within and among populations (McElhaney et al. 2000 as cited in 
the M&E Program).   

Spatial structure reflects how abundance is distributed among available or potentially available 
habitats, and how it can affect overall extinction risk and evolutionary processes that may alter a 
population’s ability to respond to environmental change. A population’s spatial structure 
encompasses the geographic distribution of that population, as well as the processes that generate 
or affect that distribution (McElhaney et al. 2000 as cited in the M&E Program).  A population’s 
spatial structure depends fundamentally on habitat quality, spatial configuration, and dynamics 
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as well as the dispersal characteristics of individuals in the population. Potentially suitable but 
unused habitat is an indication of the potential for population growth.   

In the Yuba Accord M&E Program, performance indicators associated with each of the VSP 
parameters (Abundance, Productivity, Diversity and Spatial Structure) and analytical steps 
(“analytics”) to address each of these performance indicators are provided separately for the 
adult and juvenile lifestages of the anadromous salmonids (including spring-run Chinook salmon 
and steelhead) in the lower Yuba River.  In addition, each section includes examinations of 
potential relationships between measures of VSP parameters, and flows and water temperatures 
resulting from implementation of the Yuba Accord.  Data for the analytics associated with the 
performance indicators for the VSP parameters, and for examination of potential relationships 
between measures of VSP parameters and flows and water temperatures are obtained from the 
specific sampling protocols and procedures.  The RMT has developed the following Protocols 
and Procedures in accordance with the Yuba Accord M&E Program:  

1) Flow and Water Temperature Monitoring 

2) Topographic Mapping (Digital Elevation Model) – physical habitat assessment 

3) Substrate and Cover Mapping – spawning/juvenile rearing habitat characterization 

4) 2-D Hydrodynamic Modeling – physical habitat dynamics and availability 

5) Mesohabitat Classification – physical habitat characterization 

6) Riparian Vegetation Mapping – juvenile rearing habitat characterization 

7) Acoustic Tagging and Tracking – Chinook salmon immigration and holding  

8) VAKIRiverwatcher Monitoring – adult immigration, temporal distribution 

9) Redd Surveys – spawning spatial and temporal distribution, habitat utilization  

10) Carcass Surveys – spawning stock escapement estimation 

11) Snorkel Surveys – juvenile rearing, spatial/temporal distribution, habitat utilization 

12) Rotary Screw Trapping – juvenile emigration, temporal distribution 

13) Genetic Sampling and Characterization – Chinook salmon run differentiation 

14) Otolith Sampling and Characterization – natal stream origin, growth, age, and size 

Each of the Yuba Accord M&E Program Protocols and Procedures prepared by the Yuba Accord 
RMT are summarized below.  Detailed descriptions of each of the Protocols and Procedures may 
be referenced at www.yubaaccordrmt.com. 

1) Flow and Water Temperature Monitoring 

The lower Yuba River Accord consists of a Fisheries Agreement that requires YCWA to 
comply with the Yuba Accord flow schedules. In addition to simply documenting the flows 
and water temperatures in the lower Yuba River associated with implementation of the Yuba 
Accord, the overarching goal of the flow and water temperature monitoring is to provide the 
data to identify and evaluate potential relationships between flows and water temperatures 
with fish population/community responses, measures of Viable Salmonid Population 
parameters, and aquatic habitat attributes.   
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Flow and water temperature monitoring is considered to be a long-term effort to track in-
river water temperature conditions over time with the implementation of the Yuba Accord.  
Water temperature monitoring is anticipated to be conducted annually for at least five years, 
from 2008/2009 through 2013/2014.  The RMT will review the data and reports on an annual 
basis, and determine whether the overall duration of the water temperature monitoring study 
plan should be modified. 

In the lower Yuba River, water temperature data loggers are deployed in the main channel at 
the following stations: (1) at Simpson Lane (RM 3); (2) at Marysville (RM 6); (3) at Walnut 
Avenue (RM 8.1); (4) at DPD (RM 11.4); (5) upstream of DPD (RM 13.2); (6) downstream 
of Dry Creek (RM 13.3); (7) at Long Bar (RM 16.0); (8) at Parks Bar (RM 17.4); (9) 
downstream of Deer Creek (RM 22.7); (10) downstream of Narrows 2 Powerhouse at 
Smartsville (RM 23.6); and (11)in Narrows 2 Powerhouse Penstock (RM 23.9) 
 
In the Feather River, thermographs are deployed at the following stations: (1) one mile 
upstream of the Yuba River confluence (RM +1); (2) the left (east) bank at the Yuba River 
confluence (RM 0);  and (3) the right (west) bank at  the Yuba River confluence (RM 0). 
 
Streamflow gages in the lower Yuba River are located at the following locations: (1) 
Smartsville downstream of Narrows 2 (USGS 11419000; PG&E NY28); and (2) 
Marysville (USGS 11421000). 

Stream water temperatures in the Feather and lower Yuba rivers are monitored using 
StowAway Tidbits (Onset Computer Corporation) water temperature recorders that have 12-
bit resolution with a minimum accuracy of +/- 0.2° C.  All temperature data loggers are 
programmed to record water temperatures at 15 minute intervals. Redundant water 
temperature loggers are installed at each site as close as possible to the primary recorders.   

Water temperature recorders are secured in the channel by a cable to a root mass, tree trunk, 
or man-made structure, or secured using embedded rebar where necessary.  A GPS 
coordinate is taken and recorded at each installation point, along with other points that may 
be useful for retrieving the recorder (i.e., point lacks a distinct trail for access).  Photographs 
are taken of each site, including recorder installation configuration.  

The loggers are retrieved at approximately monthly intervals to check their status and 
download new data. During each visit, water temperature data are downloaded into an optic 
shuttle or directly to a personal computer.  Prior to each download of the water temperature 
data, a National Institute of Standards and Technology (NIST) traceable digital thermometer 
is used to measure the water temperature at the recorder, and compared to the last logger 
reading to check for accuracy drift of the recorder.  Only after the raw water temperature data 
is downloaded and safely backed-up is the optic shuttle cleared or data used.  Data recorded 
for each site visit includes: (1) date; (2) time; (3) station ID; (4) field team; (5) air 
temperature; (6) water temperature (NIST); (7) current weather; (8) site notes (i.e., 
vandalism, logger replacement, etc); (9) download file name; (10) backup file name; (11) 
GPS coordinates (first visit); and (12) photo numbers (first visit or when appropriate). 
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Concurrent with in-river data retrieval activities each month, electronic records of flow data 
recorded at Smartsville and Marysville is obtained from the California Data Exchange 
(http://cdec.water.ca.gov/cgi-progs/staMeta?station_id=YRS) and/or from YCWA. These 
data are saved into the flow and water temperature monitoring database for use during 
preparation of the annual reports.  

2) Topographic Mapping (Digital Elevation Model) 

The overarching goal of the Topographic Mapping and Digital Elevation Model (DEM) 
Protocol and Procedure is to provide a highly detailed dataset to be used in the assessments 
of physical habitat, and in the identification and evaluation of potential relationships between 
flows and water temperatures with fish population/community responses and aquatic habitat 
attributes.  Methods to obtain the data necessary to develop a detailed topographic map of the 
lower Yuba River include both airborne Light Detection And Ranging (LIDAR) mapping of 
the terrestrial river corridor and boat-based echo-sounding of the submerged river channel.    

Lower Yuba River LIDAR data was acquired on September 21, 2008. On that day, the Yuba 
River discharge at Smartsville was constant at 860 cfs, Deer Creek was at 3 cfs, and 
Marysville was at 622 cfs. Bathymetric data was acquired on multiple dates: August 19, 20, 
22, 25, and 26, 2008; September 16, 17, 18, and 19, 2008; March 4-6, 2009; May 6, 15, 20, 
2009.   

The topographic map of the lower Yuba River was completed during April 2010. 

The study area for this protocol and procedure is the river corridor of the lower Yuba River 
extending from Englebright Dam to the confluence of the Yuba and Feather rivers (near 
Marysville, California).    

After the flight, data was directly processed and reduced to obtain a detailed “bare earth” 
only dataset with a vertical accuracy of approximately 0.15-m, which is the level of 
resolution prescribed by the rigorous Class 1 standard.  The spatial resolution for this 
protocol is 1 point every 0.738-m (1 pt per ~2 ft).  The LIDAR survey also yielded the 
intensity of the LIDAR return signal at each point, rasterized to yield a black and white 
image of the river corridor, which serves as a base map for GIS and was used to construct a 
polygon shapefile of the water’s edge.  Data points from the LIDAR survey were imported 
into ArcGIS to create a DEM of the terrestrial land around the river using a standard TIN-
based approach with breaklines and additional quality assurance measures.  

The 2008-2009 mapping used multiple echo-sounders deployed simultaneously across the 
bow of the boat.  A customized aluminum jet-boat was outfitted with up to five Odom 
Hydrotrack survey-grade fathometers (each with a 3,200-kHz transducer) and a TSS 335B 
motion sensor that adjusted for roll/pitch of the vessel.  Position data for the fathometers was 
collected using real-time kinematic (RTK) GPS receiving corrections by radio from an on-
site base station located on one of the pre-established benchmarks.  These benchmarks were 
established by long-duration static surveys with an RTK GPS and then waiting to obtain 
“ultra precise” solutions through NOAA’s Online Positioning User Service (OPUS).   
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Where depth permitted, the boat made cross sections on a approximate 3-m interval and 
performed six longitudinal transects approximately evenly spaced across the channel.  To 
account for the water surface slope and its changes through time, Mini Troll 400 vented 
pressure transducers (In-situ, Inc., Fort Collins, CO) were placed in the river along the survey 
area and their elevations were surveyed using RTK GPS.  An algorithm was used to 
interpolate water surface slopes based on the distance between the pressure transducers. 

Position data was recorded every 1-s, and a radial filter was applied in post-processing to the 
boat-based data to obtain 0.6-m spacing between points, achieving the goal of obtaining 
bathymetric data at a resolution of 1 point per m2 along the boat tracks.   

To create the topographic map, the following items were obtained through data collection: 
LIDAR flight and data file tiling scheme polygon shapefile, LIDAR data coverage polygon 
shapefile, LIDAR intensity images (all returns), LIDAR ground-return point file (ASCII 
format), boat-based echo-sounder/RTKGPS point file filtered to 2-foot spacing, total station 
point data.  

3) Substrate and Cover Mapping  

Fluvial processes that are important for the lower Yuba River are influenced by a suite of 
hydrogeomorphic variables including channel topography, flows, substrate, and cover. A 
restricted amount of substrate and cover information exists for some sites on the lower Yuba 
River since the floods of 2006.   

The objectives of the Substrate and Cover Mapping Protocol and Procedure are to: (1) 
produce a substrate map of the lower Yuba River; and (2) produce a cover map of the lower 
Yuba River.  Each of these maps will then be used for a number of specific analytics in the 
M&E Program which includes activities such as characterization of microhabitat and 
mesohabitat conditions (including their spatial diversity) as well as assessment of dynamic 
fluvial processes and design of habitat rehabilitation projects. 

Substrate and cover mapping is planned to occur during September 2010 because relatively 
low flows and high visibility conditions are expected to occur at that time.   

The Substrate and Cover mapping Protocol and Procedure study area extends from 
Englebright Dam to the confluence with the lower Feather River.  2D hydrodynamic 
modeling of the lower Yuba River has yielded a wetted area boundary for a flow of 4,000 cfs 
at Smartsville, which will be converted to an ArcGIS polygon shapefile and uploaded into 
GPS units used by the mapping team.  Substrate and cover will only be mapped in this 
domain. Because flow at the time of mapping will be <4,000 cfs, some of the mapping area 
will be on land and some underwater.  

Regardless of whether the crew is on land or in water, the crew will start at Englebright Dam 
and work downstream one section at a time. In each section, the crew will map the substrate 
and cover by making three passes of the wetted channel and three passes of the terrestrial 
land.  Each pass will consist of the following activities: (1) an initial pass to get an overview 
of the conditions in the section; (2) going back to the top and then mapping substrate 
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polygons on the way down; and (3) going back to the top and then mapping all cover as 
points, lines, or polygons according to cover classification. 

Crew members will create point, line, or polygon features of all substrates and cover features 
of interest using handheld differential GPS units (sub-meter accuracy) by plotting GPS 
coordinates while walking, driving, or boating around the perimeter of a feature.  The 
procedure for mapping on land involves doing the three passes by walking or using an ATV, 
depending on accessibility for an ATV in each section and how rough the surface is for 
moving faster than walking speed on an ATV.   

Substrate 

A pre-established method for performing observational reconnaissance of the lower Yuba 
River substrate already exists for the salmonid redd surveys.  Crew members have been 
trained to cover the whole submerged domain by scanning the river from the shore to the 
middle of the river, working downstream in a kayak.  Side channels in the survey area are 
observed by walking.  This method will be used for mapping substrate and cover.  Surveyors 
will wear polarized sunglasses during walking or driving surveys, and use transparent bottom 
buckets while boating in shallow water areas.  Deepwater surveys will be conducted via 
underwater video, snorkel, SCUBA, or other methods pending results of field-tested 
techniques during the spring through summer 2010.  

Handheld GPS units require that each substrate polygon be larger than 5x5 m2 to be 
accurately mapped, so that will be the minimum size of a substrate or cover patch recorded.  
However, if a substrate polygon has more than one substrate size class present in it with an 
area >10%, then the minimum polygon size will be 10x10 m2.  This constraint represents the 
consensus for balancing effort and cost relative to the needs of the dataset for analytic 
application. 

Regardless of whether the crew is on land or in water, substrate classification categories will 
be used to make a “facies” map of the surficial pattern of substrate, with each area of a 
homogeneous substrate type mapped as a polygon.  For each substrate polygon, the observer 
will estimate the percent of area composed of each substrate size class to the nearest 10% 
value, only recording those with >10% contribution. For a substrate polygon, a GPS data 
dictionary file accompanying the coordinates will identify the substrate classes present and 
the percent of each substrate class to the nearest 10%.  Substrate classification categories 
include: (1) bedrock (no alluvium); (2) boulder field (D>256); (3) large cobble (128<D<256); (4) 
cobble (90<D< 128); (5) medium gravel/small cobble (32<D<90); (6) fine gravel (2<D<32); (7) sand 
(0.0625<D<2); and (8) silt/clay (D<0.0625). 

 

Cover 

For individual wood elements, length and mid-point diameter will be obtained using a tape 
measure and tree caliper, with recorded accuracies of ±5 cm and ±2 cm, respectively.  
Origins should be identified as bank erosion when roots are present, as cut or placed when 
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evident by visual inspection, as limb breakage when the large wood piece could be matched 
up with a nearby scar on a riparian tree, and as unknown in all other cases. 

For boulders, diameter should be measured with a tape measure and the angularity designated 
as angular (i.e., having sharp edges), well-rounded, or unknown.  The following classification 
will be used to characterize cover on the lower Yuba River: (1) wood log (≥3 m long by ≥10 
cm diameter); (2) wood jam (≥3 m); (3) boulder (>3 m); (4) boulder cluster (>3 m); (5) undercut bank 
(>3 m); (6) submerged aquatic (>3 m); (7) wetted channel woody vegetation (> 3 m long by >1 m 
above substrate); (8) overhanging riparian vegetation (> 3 m in longest dimension and >1 m above 
substrate); and (9) human detritus by name (car, cement block, refrigerator, and other items. ≥3-m 
long by ≥10-cm diameter). 

4) 2-D Hydrodynamic Modeling  

Two-dimensional (2D) numerical models solve vertically integrated conservation of 
momentum and mass equations using a finite element, finite difference, or finite volume 
computation method to acquire local water depth and depth-averaged 2D velocity vectors at 
each node in a computational mesh. These models further add the ability to consider full 
lateral and longitudinal variability down to the sub-meter scale, including effects of alternate 
bars, transverse bars, islands, and boulder complexes, but require highly detailed topographic 
maps of channels and floodplains.  Four different 2D numerical models have been used on 
the lower Yuba River, including FLO-2D, RIVER2D, FESWMS, and SRH-2D.  SRH-2D is a 
relatively new model that spans many of the capabilities of FLO-2D, RIVER2D and 
FESWMS, but it is more computationally efficient and numerically stable, so it can be used 
to simulate long river segments in very high resolution.  

Presently, the Yuba Accord RMT is using SRH-2D to simulate hydraulics for the entire 
lower Yuba River downstream of the Highway 20 Bridge with 1-m intermodal spacing.  To 
achieve this more efficiently, the lower Yuba River has been divided into three reaches: (1) 
Highway 20 Bridge to DPD; (2) DPD to the USGS Marysville gaging station; and (3) USGS 
Marysville gaging station to the confluence of the Yuba and Feather rivers. SRH-2D models 
of each reach are being run concurrently. Presently, the model is being run at variable 
discharges to test the model against available data.  Subsequently, 4 flows between 700 and 
4,500 cfs (at the Smartsville gage) will be simulated. 

SRH-2D uses a flexible mesh that may contain arbitrarily shaped cells. A hybrid mesh may 
achieve the best compromise between solution accuracy and computing demand. SRH-2D 
adopts very robust and stable numerical schemes with a seamless wetting-drying algorithm. 
The resultant outcome is that few tuning parameters are needed to obtain the final solution. 
SRH-2D was evolved from SRH-W which had the additional capability of watershed runoff 
modeling. Many features are improved from SRH-W. As described by the USBR Technical 
Service Center, Sedimentation and River Hydraulics Group website 
(http://www.usbr.gov/pmts/sediment/model/srh2d/index.html), SRH-2D features include: (1) 
2D depth-averaged dynamic wave equations (standard St. Venant equations) are solved with 
the finite-volume numerical method; (2) steady state (with constant discharge) or unsteady 
flows (with flow hydrograph) may be simulated; (3) an implicit scheme is used for time 
integration to achieve solution robustness and efficiency; (4) an unstructured, arbitrarily-
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shaped mesh is used which includes the structured quadrilateral mesh, the purely triangular 
mesh, a combination of the two, or a Cartesian or raster mesh; (5) all flow regimes (i.e., 
subcritical, transcritical, and supercritical flows) may be simulated simultaneously without 
the need for special treatments; (6) robust and seamless wetting-drying algorithm; and (7) 
solved variables include water surface elevation, water depth, and depth-averaged velocity.  

5) Mesohabitat Classification 

The M&E Program recognizes that the processes creating microhabitat are dynamic and 
spatially diverse, and management of a river that undergoes periodic planform changes 
requires more than a static depiction of microhabitat conditions. Consequently, 
“mesohabitat” is defined as the interdependent set of microhabitat variables (depth, velocity, 
substrate, cover, and hyporheic parameters) over a discernible landform known as a 
morphological unit (i.e., scour pool, riffle, and lateral bar) associated with a specific 
magnitude of flow.  Mesohabitats typically occur at a spatial scale of approximately 0.5 to 10 
times the length scale of channel width.  This spatial scale directly ties to the fluvial 
processes responsible for channel dynamics and thus enables a mechanistic understanding of 
how fluvial dynamics drives spatial structure.   

Morphological units evaluated at a meso-scale can be used to explain fluvial-ecological 
relations and may therefore be good indicators of fish utilization patterns.  The goals of the 
Mesohabitat Classification Protocol and Procedure are to: (1) identify mesohabitat units 
throughout the lower Yuba River; (2) evaluate the quality, number, size and distribution of 
mesohabitats for various lifestages of adult and juvenile anadromous salmonids; and (3) 
evaluate the maintenance of watershed processes in the lower Yuba River. 

Mesohabitat characterization is planned to begin during summer of 2010 and be completed 
the same year.  

The proposed study area for this project is the lower Yuba River from Englebright Dam to 
the confluence of the Yuba and Feather rivers (near Marysville, California). 

This Protocol and Procedure emphasizes a GIS-based analysis of existing data layers for 
developing the classification, and then uses field-based reconnaissance for QA/QC and 
ground truthing of the classification. The key data layers required to perform GIS-based 
characterization of morphological units are: (1) a DEM of the river corridor; (2) a water’s 
edge shapefile and associated digital water surface elevation model for each discharge at 
which mesohabitats will be characterized (the model may be obtained by overlaying the edge 
shapefile onto the DEM and extracting the ground elevations along the water’s edge); (3) a 
derived water depth map made by subtracting the DEM from the water surface elevation 
model; and (4) aerial photography of the river at each discharge of interest.  

Descriptions of the objective and numeric criteria used to delineate morphologic units 
incorporate concepts provided by Montgomery and Buffington (1997) and Thomson et al. 
(2001) (see www.yubaaccordrmt.com. for additional descriptions).  Morphological units to 
be identified in the lower Yuba River may include the following: (1) forced pool; (2) pool; (3) 
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chute; (4) run; (5) glide; (6) riffle entrance; (7) riffle; (8) recirculation; (9) backwater; and 
(10) medial bar. 

Once the morphological unit classification and map is complete, a site reconnaissance will be 
performed by a team of two people to check the quality of the map in delineating the in-
channel units.  Upon arriving at a site by truck or boat, the crew will start at one end and 
systematically work along the river, wading or boating into each morphological unit and 
confirm that the depth and velocity criteria used to delineate the unit are met. Field-based 
delineation confirmation will consist of making 10 depth measurements using a graduated 
pole, and 10 water velocity measurements, using a velocity meter, at points randomly 
scattered around the unit.  Resultant values will be compared to the criteria.   

If field observations reveal a systematic error in the delineation of a specific unit, then the 
handheld GPS will be used to re-map the individual polygon by walking or boating around 
the perimeter and tracing the correct extent.  Revised polygons will be imported into GIS to 
replace the faulty ones and boundaries of surrounding polygons will be amended to mesh 
with the revised boundary lines. 

The definitions of the mesohabitats will be taken from the correspondingly named 
morphological units.  Mesohabitat maps will be developed for forced pools, pools, secondary 
channels, backwaters, recirculations, chutes, riffles, riffle entrances, runs, and glides, using 
the appropriate shoreline shapefile and depth raster map. 

6) Riparian Vegetation Mapping 

The RMT is undertaking, collaborating or observing several riparian mapping and analysis 
efforts on the Yuba River below Englebright. 

The California Department of Fish and Game (CDFG) mapped all riparian habitats of the 
Central Valley starting in the 1977.  This mapping effort used large categories of vegetation 
type (e.g., forest, shrub, herbaceous and bare gravel bar), and would be useful to assess large 
changes of riparian habitat over the last 20-30 years.  Known as the Katibah maps after the 
principal investigator, these resources are reported to exist in CDFG archives as scanned 
images of variable quality spatial rectification.  LicenseeYCWA has not been able to obtain 
these. 
 
CDFG is currently mapping riparian habitats throughout the Central Valley at a similar scale 
as the Katibah maps, but following the National Vegetation Classification Standard and the 
California Vegetation Manual.  A GIS layer of these maps for the lower Yuba River up to 
Highway 20 is expected to be available in 2011 (Diana Hixon, pers comm.). 
  
A riparian mapping project has been initiated by the RMT.  The RMT has used Light 
Detection and Ranging (LiDAR) data for the entire riparian corridor up to Highway 20 to 
yield a map of riparian structure (i.e., height and density).  The RMT plans to use ground 
data from CDFG with the LiDAR data to develop stand classifications following the 
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California Vegetation Manual, yet one scale finer than that being produced by CDFG.  This 
effort is targeted for completion in late 2010. 
 
In addition, the RMT in conjunction with University of California at Davis and YCWA have 
developed a topographic map and two-dimensional hydrodynamic model of the Yuba River 
downstream of Englebright Dam as a basis for integrating and understanding riparian trends.   
 
Also, an analysis of historic aerial photographs and maps of the lower Yuba dating from 
1906 through 1998 will be undertaken as a joint project between the Yuba County Water 
Agency and the RMT. That effort should be completed by summer 2011. 
 
Depending on the products that result from these various ongoing study efforts, the RMT 
may undertake additional riparian data collection effort for the Yuba River downstream of 
Englebright Dam. 

7) Acoustic Tagging and Tracking Surveys 

The Acoustic Tagging and Tracking Protocol and Procedure consists of acoustic-tagging 
immigrating adult Chinook salmon and monitoring their distribution and movement in the 
lower Yuba River.  Chinook salmon acoustic tagging will be conducted in conjunction with 
the Genetic Sampling and Characterization Protocol and Procedure. 

Goals of the Acoustic Tagging and Tracking Protocol and Procedure include: (1) 
examination of habitat utilization of upstream migrating and spawning Chinook salmon 
exhibiting the run timing characteristics of spring-run Chinook salmon; (2) examination of 
the spatial and temporal distributions of holding spring-run Chinook salmon from spring 
through fall, and potential relationships with variable flow and water temperature regimes; 
(3) comparison of differential spatial and temporal distributions of immigrating and holding 
spring-run and fall-run Chinook salmon, and potential relationships with variable flow and 
water temperature regimes; and (4) examination of differential spatial and temporal 
distributions of spring- and fall-run Chinook salmon spawning (in conjunction with Chinook 
salmon redd surveys) and potential relationships with flow and water temperature regimes. 

The adult spring-run Chinook salmon Acoustic Tagging and Tracking Survey is anticipated 
to be a multi-year effort.  Acoustic tagging and tracking of 30 immigrating adult spring-run 
Chinook salmon occurred in the lower Yuba River from Englebright Dam downstream to the 
Yuba River and Feather River confluence from May to November 2009. During 2010, 
attempts will be made to tag 30 adult spring-run Chinook salmon during May and possibly 
into June, and for comparative purposes 30 adult fall-run Chinook salmon will be tagged 
during fall (October 2010).  The RMT will review the data and reports annually, and will 
determine the overall duration of the acoustic tagging study. 

Acoustic tagging of immigrating adult Chinook salmon will occur in the lower Yuba River 
downstream of DPD to the Yuba River and Feather River confluence.  Adult Chinook 
salmon will be captured using hook-and-line sampling. Therefore, the exact location(s) for 
acoustic tagging will vary depending upon the specific locations of individual captures.   
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If an adult Chinook salmon is deemed to be sufficiently healthy for tagging, the fish will be 
placed in a CO2 solution for anesthetization, and the following measurements and data will 
be recorded: (1) fork length (mm); (2) total length (mm); (3) body depth (mm); (4) sex (male 
or female); (5) adipose fin presence (Yes or No); (6) description and photograph of any 
visible parasites, fungi, lesions, or other signs of disease or injury, including potential 
hooking injuries; and (7) acoustic tag ID (serial) number of the tag that will be implanted into 
the fish.  

After data collection, VEMCO V13-1L acoustic tags, programmed to have a “kill switch” 
and turn off after a pre-determined amount of time (i.e., 7 months) so that the tags do not 
interfere with other acoustic tagging studies after the tagged fishes have died, will be inserted 
into the fish.  The esophageal insertion method will be used, where acoustic tags are inserted 
into the stomachs of spring-run Chinook salmon.  Esophageal insertion will be used because 
surgery is not required, results in reduced tag loss and reduced changes in swimming 
behavior (due to the tag being placed near the center of the fish’s gravity) compared to 
external tagging, and a relatively short recovery time is required prior to releasing the fish 
(Demco et al. 2003 as cited in the M&E Program).   

After tagging, a caudal fin-clip will be taken for genetic sampling (refer to Genetic Sampling 
and Characterization Protocol and Procedure for more information).  A floy tag will be 
implanted in the subdural region near the dorsal fin of the fish for identification during 
carcass surveys.  After the fish is measured, acoustic-tagged, sampled for genetics, and floy-
tagged, the fish will be immediately released back into the river where the water is relatively 
calm and the fish can be observed.   

Monitoring for acoustic-tagged spring-run Chinook salmon will occur on the lower Yuba 
River from Englebright Dam to the Yuba River and Feather River confluence through the use 
of acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. comm.).  As of 
February 2009, there are 16 hydrophones located throughout the lower Yuba River, with an 
additional hydrophone planned to be installed at the downstream end of the Narrows.  
Monitoring for tag pings may also occur outside the lower Yuba River if tagged Chinook 
salmon move into other rivers such as the lower Feather River.  Static receiver hydrophones 
will operate continuously year-round and data will be obtained at least every other month by 
CDFG (The Heritage and Wild Trout and the Steelhead Management and Recovery 
Programs).  Data will be sent to the RMT’s lead biologist from the RMT acoustic-tagged 
spring-run Chinook salmon every other month.   

In addition to fixed-station hydrophones (i.e., static receivers), mobile tracking surveys will 
be conducted to monitor acoustic-tagged spring-run Chinook from Englebright Dam to the 
Yuba River and Feather River confluence via jet boat or walking and use of a hydrophone.  A 
jet boat will be used to survey from the Yuba River and Feather River confluence to the 
bottom of the Narrows. Surveyors will track acoustic tagged Chinook salmon from the 
Narrows Pool to Deer Creek and from Englebright Dam to Deer Creek by walking.  
Surveyors will only survey reaches that they deem safe between Englebright Dam and 
Narrows Pool.  One omni-directional and one directional hydrophone will be used in 
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conjunction with an acoustic receiver for the mobile tracking surveys.   When an acoustically 
tagged fish is detected, the location will be recorded using a GPS unit.   

Mobile tracking surveys will begin during mid-May, or soon after tagged fish are released. 
From below the Narrows to the Yuba River and Feather River confluence, mobile tracking 
surveys will be conducted every week. Mobile tracking surveys from below Englebright 
Dam to the bottom of the Narrows Reach also will be completed weekly if possible.   

Prior to initiation of the acoustic tagging survey, acoustic tags will be placed in various 
habitat types in the lower Yuba River, and mobile tracking surveys will be conducted to test 
the ability of detecting tag pings in the various habitat types.  Mobile tracking techniques will 
be refined as necessary to maximize the detection of acoustic tags in all habitat types in the 
lower Yuba River. 

8) VAKIRiverwatcher Monitoring 

Fish passage monitoring on the lower Yuba River is conducted using two VAKIRiverwatcher 
systems, in conjunction with digital photography located in the north and south fish ladders 
at DPD.  The data collected by the VAKIRiverwatcher systems for Chinook salmon and 
steelhead will be used in conjunction with data from redd surveys, carcass surveys, and 
angler surveys.  The combined datasets will be used to generate abundance estimates, help 
evaluate habitat use, and examine trends in fish passage.  

Goals of the VAKIRiverwatcher monitoring include: (1) estimate the abundance of spring-
run, fall-run, and late fall-run Chinook salmon and steelhead above DPD; (2) examine the 
temporal distribution of immigration of the total run, and natural origin spring-run, fall-run, 
and late fall-run Chinook salmon and steelhead immigrating past DPD; (3) examine the size 
structure of salmonids using length-frequency distributions; (4) examine the age structure of 
salmonids by examining the modalities of length-frequency distributions; (5) examine the 
annual and multi-year trends in timing of immigrating salmonids past DPD; (6) examine the 
annual and multi-year trends in timing of different sizes of immigrating salmonids past DPD; 
(7) use VAKIRiverwatcher data in conjunction with redd survey data to estimate the 
abundance of steelhead below DPD; and (8) use VAKIRiverwatcher data in conjunction with 
water temperature and flow data to evaluate potential relationships between water 
temperatures and flows, and the timing of adult salmonid immigration. 

Both of the VAKIRiverwatcher systems are operated year-round for monitoring fish 
migration in the lower Yuba River.  The VAKIRiverwatcher system began operation during 
2003, and is anticipated to be operated continuously at least through 2014.   

The VAKIRiverwatcher system records both silhouettes and electronic images of each fish 
passage event. By capturing silhouettes and images, fish passage can be accurately monitored 
even in under turbid conditions.  Data for each fish passage event is downloaded directly to 
an on-site PC for further analysis.   

Data collection for individual fish passage events are automatically recorded by the 
VAKIRiverwatcher systems.  Each data record is reviewed by personnel to: (1) identify the 
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fish species; (2) examine if Chinook salmon have an adipose fin, and (3) identify non-fish 
passage events (i.e., debris).  The VAKIRiverwatcher systems record the time/date of each 
fish passage event, the upstream or downstream direction of passage, the speed of the fish 
moving through the system (m/sec), the fish’s body depth (mm), and logs water temperature 
every hour.  The body depth of a fish is converted to a length measurement (cm) by the 
program software (Winari v. 4.16) utilizing a body length-to-depth ratio.  The morphometric 
body ratios were obtained by measuring 36 fall-run Chinook salmon in 2003 and 119 fall-run 
Chinook salmon in 2005 from the Feather River Hatchery and 168 steelhead from the lower 
Yuba River (D. Massa, CDFG, pers. comm. 2009).  To maximize the accuracy of passage 
estimates generated by the VAKIRiverwatcher systems, a full-time technician will be 
employed to monitor the systems and minimize system off-line events.    

9) Redd Surveys 

Redd counts have been used widely to estimate or provide indices of adult salmonid 
escapement or abundance, and examine the spatial and temporal distribution of spawning 
adult salmonids.  In addition, data pertaining to redd location and size will be obtained to 
develop indices of redd superimposition using GIS analyses for the Chinook salmon runs and 
steelhead/rainbow trout in the lower Yuba River.   

Goals of the redd surveys conducted in the lower Yuba River include: (1) evaluate and 
compare the spatial and temporal distribution of redds and redd superimposition over the 
spawning seasons for the Chinook salmon runs and steelhead/rainbow trout spawning in the 
lower Yuba River; (2) compare the magnitude (and seasonal trends) of lower Yuba River 
flows and water temperatures with the spatial and temporal distribution of redds (and rates of 
redd superimposition) for the Chinook salmon runs and steelhead/rainbow trout; (3) estimate 
the total annual abundance of adult fall-run Chinook salmon and steelhead/rainbow trout in 
conjunction with angler surveys and VAKIRiverwatcher data; and (4) establish a long-term 
data set to be used to evaluate habitat utilization by the Chinook salmon runs and 
steelhead/rainbow trout in the lower Yuba River under variable biotic and abiotic conditions.   

Reconnaissance-level redd surveys will be conducted during August to document the 
initiation of spawning activity in the lower Yuba River. The 2008-2009 and 2009-2010 redd 
surveys were conducted weekly beginning the week after a redd was first observed during the 
reconnaissance-level redd survey through the portion of the season encompassing the 
majority of Chinook salmon spawning activity.  Prior redd and carcass surveys indicate that 
the majority of Chinook salmon spawning activity occurs through December, with reduced 
amounts of Chinook salmon spawning continuing through late-March, and steelhead/rainbow 
trout spawning extending through April.  From the 2008-2009 pilot redd survey data and a 
simulation approach, a weekly sampling frequency was found to result in the most precise 
and accurate (least biased) estimates of spawning activity.  Therefore, weekly redd surveys 
will be conducted from the initiation of spawning activity until May each year beginning 
during the 2010-2011 redd survey and subsequent surveys.   

Approximately 20.9 mi. of the 24 mi. of total length of the lower Yuba River will be 
surveyed during the redd surveys.  About 0.7 mi. of the lower Yuba River located 
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immediately below the first set of riffles downstream of Deer Creek to the top of Narrows 
Pool will not be surveyed due to rugged and dangerous conditions in the steep canyon known 
as the Narrows.  Additionally, an approximate 2 mi. section of the lower Yuba River from 
Simpson Lane Bridge to the confluence with the Feather River will not be regularly surveyed 
because redds have not been observed during past surveys. This section of the river will be 
surveyed once during peak Chinook salmon spawning to ascertain that this section is, in fact, 
not being utilized for spawning.   

Several species of fish exist in the lower Yuba River known to construct redds including 
Chinook salmon, steelhead/rainbow trout, Sacramento sucker (Catostomus occidentallis), 
and Pacific lamprey (Lampetra tridentata). Visual differentiation between steelhead/rainbow 
trout redds and Sacramento sucker, and Pacific lamprey spawning nests is of concern because 
these three species clean the gravel during spawning.  Sacramento suckers do not typically 
spawn until late-March and April, and are generally visible during their spawning season.  
Steelhead/rainbow trout redds are generally easy to distinguish, because they create a 
noticeable pit and tail spill in the gravel during redd construction.  The Oregon Department 
of Fish and Wildlife (1999; as cited in the M&E Program) distinguish lamprey spawning 
nests and steelhead/rainbow trout redds using redd/nest dimension measurements. A 
steelhead/rainbow trout redd is distinguished by a longer length than width and the tailings 
are evenly distributed downstream by the current.  Lamprey spawning nests generally have a 
neat and round appearance, with a conical bowl.  The unique characteristic of a lamprey 
spawning nest is the placement of the tailings upstream from the nest.  Lamprey excavate 
their spawning nests by sucking onto the gravel and then depositing it outside the nest.   

Species-specific redd identification will be conducted by comparing the physical dimensions 
and locations for all known redds (i.e., redds which were positively identified with one 
species or another building or guarding them).  During the redd surveys, each redd observed 
with an adult building or guarding them will be measured, and the species identified and 
recorded. Result from the 2008-2009 and 2009-2010 redd surveys in the lower Yuba River 
indicated that  lamprey were observed spawning in late-March and early-April in the most 
downstream sampling reach of the lower Yuba River, where sand was the subdominant 
substrate.  

The 2010-2011 redd surveys, and any subsequent surveys, will be conducted using two 
catarafts rather than the four kayaks used during the 2008-2009 and 2009-2010 redd surveys.  
Each surveyor, wearing polarized sunglasses, will scan the river from the shore to the middle 
of the river, working downstream.  Side channels in the survey area may require walking.  
Visibility will be measured using a secchi disk at the top of the survey section.  

Deep water surveys will be conducted during the 2010-2011 redd survey period in addition to 
the surveys conducted by cataraft. The specific methods employed for the deep-water 
surveys are being field tested during the winter and late-summer of 2010.   

For each new redd observed throughout the sampling season, the following data will be 
recorded: (1) a GPS (Trimble GeoExplorer XT) location taken at the center of the redd’s pit 
with a unique identifying number (i.e., Date + plus redd number; i.e. 082908-001); (2) total 
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dimensional area (using a GPS) for areas appearing to contain multiple redds with no clear 
boundaries (i.e., mass aggregate spawning); (3)  habitat type (i.e., pool, riffle, run, or glide); 
(4) substrate composition of ambient habitat based on substrate size immediately upstream of 
the pit; (5) redd species identification; (6) number of fish observed on the redd; (7) location 
information (i.e., side channel or main channel); (8) comments regarding observable redd 
superimposition (i.e., redd overlap); and (9) any additional comments.  

The path undertaken by each surveyor down the river will be recorded using Garmin 
GPSMAP 60Cx GPS units to document specific locations of the river surveyed. The GPS 
(Trimble GeoExploerXT) and a data dictionary will be used to ensure redds counted during 
the previous survey weeks are not double-counted. In addition, surveyors will mark each 
redd at the pit with a painted rock.  Redd area measurements will be conducted to examine 
redd superimposition throughout the lower Yuba River for the Chinook salmon runs and 
steelhead/rainbow trout.  

At each fresh redd located, measurements of mean water column velocity, “nose velocity” 
(i.e., fish focal point water velocity, which is the water velocity at an observed fish’s position 
or, when a fish is not observed actively preparing a redd, at the predetermined distance of 0.5 
ft above the undisturbed streambed), total water depth and visual estimates of substrate 
composition will be made to approximate habitat conditions prior to gravel disturbance 
caused during redd construction.  All measurements will be made 0.5 ft upstream of the 
leading edge of the pit along the mid-line of the redd, unless field personnel determine that 
measurements adjacent to the mid-point of the pit are more representative of undisturbed 
conditions for that specific location.  The specific location of the measurements will be 
recorded on the data sheet. 

Redd substrate composition will be visually estimated as percentage composition (to the 
nearest 10 percent) of each of eight size categories. Prior to conducting the steelhead/rainbow 
trout redd surveys, the field survey crews will become familiar with visual substrate size 
estimation by having undergone training by visually estimating substrate size, then 
comparing those estimates to results obtained by passing those substrate elements through a 
gravel template.  Visual estimation of substrate sizes will be along the B axis of the substrate 
elements.  

10) Carcass Surveys 

The carcass surveys use a mark and recapture technique to estimate the abundance of 
spawning adult Chinook salmon. The annual abundance estimates are essential for 
monitoring trends in population size.  In addition, biological data is collected from observed 
Chinook salmon carcasses (i.e., length, sex, spawning status, genetic tissue samples, scales, 
otoliths, and coded wire-tags) to monitor the populations.  

Goals of the annual carcass surveys in conjunction with data collected from the 
VAKIRiverwatcher, and acoustic tagging survey include:  (1) use the genetic tissue samples 
collected during the carcass survey and the acoustic tagging survey to differentiate spring-run 
and fall-run Chinook salmon; (2) use the coded-wire tags and otoliths collected to determine 
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the origin of Chinook salmon (i.e., hatchery-origin, natural-origin and river of origin); (3) 
estimate the total, weekly, monthly and seasonal abundances of spring-run and fall-run 
Chinook salmon; (4) estimate the abundance of natural-origin and hatchery-origin spring-run 
and fall-run adult Chinook salmon; (5) use length data to examine the size structure of the 
spring-run and fall-run Chinook salmon populations; (6) use scale samples to examine the 
age structure of the spring-run and fall-run Chinook salmon populations; and (7) examine 
multi-year trends in the annual run sizes of spring-run and fall-run Chinook salmon (i.e., total 
population, hatchery-origin and natural-origin).  

The annual Chinook salmon carcass surveys will be a long-term monitoring effort of the 
lower Yuba River spring-run and fall-run adult Chinook salmon populations. A consistent 
carcass survey methodology has been employed in the lower Yuba River since the mid-1990s 
(Massa 2008).  Annual Chinook salmon carcass surveys will occur from the beginning of the 
spawning season (September) through the end of the spawning season (late-January).  Begin 
and end dates of the annual carcass survey will vary depending on when Chinook salmon 
redds are observed and when the recapture rate of tagged carcasses in January approaches 
zero.  Field reconnaissance teams begin to monitor Chinook salmon spawning during August.  
The first carcass survey will begin about 10 to 14 days after the first Chinook salmon redds 
are observed.  

The study area for the carcass survey is the lower Yuba River extending from the Englebright 
Dam downstream to the Simpson Lane Bridge. The study area is divided into three survey 
reaches: (1) Narrows Pool to Highway 20 Bridge; (2) Highway 20 Bridge to DPD; and (3) 
DPD to Simpson Lane Bridge. All survey reaches will be surveyed once a week.  

The weekly carcass survey will be conducted by a crew of 4-6 people and will be executed 
via jet boat and walking.  Two crews will be utilized to collect scale samples, tissue samples, 
otoliths and heads for coded-wire tag recovery (i.e., 2008/2009 through 2013/2014).   

During the weekly carcass survey, personnel will collect, count, and record data for: (1) fresh 
carcasses (carcass with red or pink gills, or at least one clear eye); (2) non-fresh carcasses (no 
clear eyes and gills are not red or pink); and (3) tagged carcasses.  All observed non-fresh 
carcasses and adipose fin-clipped carcasses will be counted and chopped in half to prevent 
recounting during subsequent surveys.  Tagged carcasses (recaptures from previous surveys) 
will be counted and chopped. Fresh carcasses that have an adipose fin will be counted and 
tagged.  All carcasses will be released into the river.  Fresh adult carcass data will be used in 
the Schaefer mark-recapture model (Schaefer 1951 as cited in the M&E Program) with 
modifications referenced to Taylor (1974; as cited in the M&E Program) to estimate 
abundance.  Abundance will be estimated weekly throughout the annual spawning period, 
and annually.  

11) Snorkel Surveys 

The overall goal of the Snorkel Surveys Protocol and Procedure is to study anadromous 
salmonid diversity and habitat occurrence, in addition to observing community composition 
in the lower Yuba River.  This Protocol and Procedure evaluates abiotic variables affecting 
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fish diversity and habitat occurrence including external forces (i.e., daily cycle, time of year, 
flow, and fluvial landform structure), and internal responses to specific combinations of the 
external forces (i.e., spatial pattern of water depth and mesohabitat pattern).   

It is anticipated that 2 years of snorkel surveys will be conducted, beginning during winter of 
2011.  Sampling months will be selected so that all juvenile salmonid life stages will be 
present in the river during the course of snorkeling activities, however, it may be prudent to 
continue sampling through the duration of summer.  The study area for the snorkel surveys is 
the lower Yuba River from Englebright Dam to the confluence of the Yuba and Feather 
rivers (near Marysville, California). This study length includes a diverse assemblage of 
mesohabitat types as indicated by observed riffle habitat spacing at approximately 4-7 
bankful widths in most gravel-bed rivers.  The rapids in the Narrows will not be sampled due 
to potential safety issues. 

The specific sampling design continues to undergo refinement by the RMT. However, at this 
time, it is anticipated that a morphological unit (up to 9 in-channel types and 3-5 edge types) 
oriented sampling strategy, stratified by river reach (up to 8 reaches based on geomorphic 
principles) will be employed.  The objective of the survey sampling design is to obtain a 
strong geographical distribution suitable for longitudinal analysis. Prior to each sampling 
survey, specific localities will be identified using GIS and uploaded to Trimble GPS units for 
easy field location. 

Divers will evaluate visibility in the lower Yuba River by taking NTU measurements before 
sampling each day to determine if surveying is warranted. For each day of sampling, 
“effective visibility’ will be measured using a standard “4” lure and measured maximum 
distance for underwater identification of parr marks. 

Surveys will be conducted with three people in the river and a fourth on the river bank.  A 
second bank recorder may be necessary for units with high densities of fish.  Channel units 
will be surveyed by divers daily beginning at the downstream end of the channel unit 
working towards the upstream end of the channel unit whenever possible.  This includes 
working in an upstream direction along channel margins in swift areas.  In deep, high 
velocity areas of the river where snorkelers are physically unable to snorkel upstream, they 
will survey the area by drifting downstream 3 abreast.  In some areas of the river, it may be 
impossible to conduct snorkel surveys in either direction due to water velocity and in river 
hazards (i.e., rapids, rocks).  In these non-sampled areas, probability statistics may need to be 
applied.  Fish that are disturbed during the survey (i.e., swimming away and/or seeking 
refuge) will not be considered to be exhibiting normal behavior.    When undisturbed fish are 
located, snorkelers will first take a still image using their mask-integrated digital camera.   

Snorkeling effort will not be uniform in all channel units because the lower Yuba River 
ranges in width from 10-100 m.  Snorkelers will maintain “lanes” during surveys, spaced so 
that they are 3 m apart.  Snorkelers are responsible for surveying the area 1.5 m on either side 
of their path through the river.  The snorkeler closest to the bank should maintain a distance 
1.5 m from the bank and is responsible for surveying the area from the bank to an imaginary 
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line 3 m from the bank.  Backwater habitats and off-channel pools will be visually sampled 
by the nearest surveyor.   

Snorkelers will identify species and life stage, estimate fish length, and measure water depth 
that the fish is observed in.  Fish length will be estimated in 20-mm size increments (i.e., 30-
50 mm, 50-70 mm, etc.), which is believed to be the smallest interval that trained divers can 
distinguish.  When a group of fish is observed, and it is not possible to characterize them all 
individually, then counts of the number of fish in habitat “patches” (defined by the area of 
riverbed that can be effectively observed by a single diver) will be made.  A colored weight 
(large washers, fishing leads) with attached numbered tag will be placed on the bed to mark 
the location of either a single fish being observed or the central location of a group of fish too 
numerous to identify each one.  Once the entire channel unit has been surveyed, two divers 
will walk or drift back downstream with a Trimble GPS to relocate and record the GPS 
location for all bed tags identified during the snorkel survey in order to be able to 
characterize water depth, water velocity, proximity to cover, and other geomorphic features.  
The area of non-sampled channel resulting from excessive water velocity will be quantified 
at a representative snorkeling discharge, or range of discharges, and subsequently classified 
as “swimmable” and “unswimmable” areas, as part of the M&E Program 2D Hydrodynamic 
Model of the lower Yuba River.  The resulting two multi-feature GIS vector polygons will be 
intersected with the M&E Program Mesohabitat Map, as appropriate for that discharge, and 
used to determine the relative abundances of non-sampled mesohabitat at the lower Yuba 
River and study-site-only spatial scales.  

12) Rotary Screw Trapping 

Rotary Screw Traps (RSTs) are anchored at a fixed point in the stream channel and intercept 
a portion of the juveniles, smolts, or fry of juvenile salmonids migrating downstream, as well 
as other fishes, utilizing the force of moving water over baffles inside the cone to rotate.    
RSTs provide valuable information such as the presence/absence of migrating life-stages, 
determination of age and size at migration, condition, timing, species, and genetic 
characteristics (Volkhardt et al. 2007 as cited in the M&E Program).   

Goals of the rotary screw trapping include: (1) document the (juvenile) fish community 
composition in the lower Yuba River; (2) estimate and examine trends in the weekly, 
monthly, seasonal and annual abundances of emigrating juvenile Chinook salmon and 
steelhead/rainbow trout from above DPD and the lower Yuba River; (3) estimate the number 
of juvenile spring-run Chinook salmon and steelhead/rainbow trout that rear during the 
summer and emigrate in the fall from DPD and the lower Yuba River; (4) examine the 
influence of lower Yuba River flows and water temperature on the timing of juvenile 
Chinook salmon and steelhead/rainbow trout emigration; (5) evaluate time-period specific 
size structure during juvenile Chinook salmon and steelhead/rainbow trout emigration; and 
(6) document the seasonal presence of developmental phases (i.e., yolk-sac fry, fry, parr, 
silvery parr, and smolt) of juvenile Chinook salmon and steelhead/rainbow trout. 

RST sampling has been conducted seasonally on the lower Yuba River from 1999 to 2005 
and year-round from 2006 to 2009.  RST sampling has been temporarily suspended until the 
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logistics associated with implementing a trapping device at or upstream of DPD have been 
resolved, in order to obtain comparable data between upstream and downstream locations for 
focused evaluations. It is anticipated that additional sampling will be conducted commencing 
in 2011, and may be conducted in subsequent years pending results, as evaluated by the 
RMT. 

The RSTs are fished year-round, with the survey period defined as October 1 through 
September 31. Interruptions of sampling effort within a particular survey period due to, for 
example, excessive debris or high streamflow, is recorded and justified.   

The M&E Program Rotary Screw Trapping activities have utilized a set of three RSTs near 
Hallwood Boulevard (approximately 0.5 mi. upstream of Hallwood Boulevard at RM 7.5).  A 
fourth trap is intended for use upstream of DPD, although, the exact location has not been 
chosen.  Two of the RSTs at the Hallwood Boulevard location are conically shaped with a 
cone diameter of 8 feet. The two 8-ft RSTs (RST 1 and RST 2) are fished in tandem and 
tethered to a rock anchor and set approximately 100 feet downstream of the 5-ft RST.  The 
third RST at the Hallwood Boulevard location has a cone diameter of 5 feet, tethered by an 
earth anchor situated toward the downstream end of a large gravel bar.  

A field crew of two to three technicians service the RSTs at least once per day to document 
their operational status, remove trapped fish from the live box, estimate rotation speed, 
remove debris, and record water temperature (°C), velocity (feet per second), and turbidity 
(NTUs).  During periods of excessive algae growth (June-October), high debris loads, or high 
river flow events the RSTs will be serviced at least twice per day to keep them rotating 
continuously and reduce fish mortality.   

Captured fish are processed on the bank of the river.  Juvenile steelhead/rainbow trout and 
Chinook salmon are processed before other fish species and are kept in separate buckets for 
mark-recapture tests.  Estimates of species abundance, weight (0.1 g), and fork length (mm) 
are made.  Captured steelhead/rainbow trout and Chinook salmon are additionally assigned 
life-stage index values and run designation. Mark-recapture tests are performed 
approximately weekly for juvenile steelhead/rainbow trout and juvenile Chinook salmon 
once captured numbers equal or exceed the pre-specified target number (1000), or 5 days 
have elapsed, whichever comes first.  A minimum of 300 juvenile Chinook salmon or 
steelhead/rainbow trout are needed for the efficiency tests.  Fish are marked with Bismarck 
Brown powder on the day prior to release, held overnight, and released the next day.  All 
recaptured fish in each of the RSTs are measured for fork length (mm), weighed (0.1 g), and 
assigned a life-stage index value.  Trap efficiency is estimated using data collected during the 
seven days after a group of efficiency test fish is released.  Marked fish are released 625 
meters upstream from the trapping location and uniformly across the river for random 
dispersal.  Capture efficiency tests will be performed throughout the year whenever catch of 
juvenile Chinook salmon or steelhead/rainbow trout in the RST is sufficient.   

13) Genetic Sampling and Characterization 
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A genetic analysis of phenotypic spring-run Chinook salmon collected in the lower Yuba 
River will help identify the amount of introgression among spring-run and fall-run Chinook 
salmon, and source populations for phenotypic spring-run Chinook salmon that currently 
exist in the lower Yuba River. Additional monitoring such as Acoustic Tagging and Tracking 
and Carcass Surveying is ongoing, and will provide additional information regarding the 
current extent of reproductive isolation between spring-run and fall-run Chinook salmon in 
the lower Yuba River.   

Goals of the Genetic Sampling and Characterization Protocol and Procedure are to use tissue 
samples to: (1) identify the genetic composition of lower Yuba River phenotypic fall-run and 
spring-run Chinook salmon; and (2) examine genetic differentiation between fall-run and 
spring-run Chinook salmon in the lower Yuba River.  

Adult Chinook salmon genetic sampling began during May 2009, when 43 adult phenotypic 
spring-run Chinook salmon were sampled. Sampling also is being conducted during the 
May/June 2010 Acoustic Tagging and Tracking surveys, and during the 2010 fall Carcass 
Surveys (September through December). Additional sampling may be conducted during 
subsequent years, pending the RMT’s review of the results from previous and planned 
sampling.  

Genetic sampling will occur during the acoustic tagging and tracking survey of immigrating 
adult spring-run Chinook salmon (May/June) and during Chinook salmon carcass surveys 
(September through December).  Genetic sampling of Chinook salmon carcasses will occur 
throughout the carcass surveys, beginning in September (targeting spring-run Chinook 
salmon) and continuing through late December (targeting fall-run Chinook salmon).   

For the purpose of genetic sampling of adult Chinook salmon, the study area extends from 
the downstream terminus of the Narrows to the confluence of the lower Yuba River and the 
Feather River near Marysville, California. 

Genetic sampling of live adult phenotypic spring-run Chinook salmon will occur on the 
lower Yuba River downstream of DPD. Tissue samples will be obtained from adult 
phenotypic spring-run Chinook salmon during acoustic tagging and tracking surveys.  
Therefore, the exact location(s) for genetic sampling will vary depending upon the specific 
locations of individual captures.  Genetic sampling also will be conducted during the 
Chinook salmon carcass surveys, in survey reaches including: (1) Narrows pool to Highway 
20 Bridge; (2) Highway 20 Bridge to DPD; and (3) DPD to Simpson Lane Bridge.   

Guidelines for genetic sample collection provided by the NOAA Southwest Fisheries Science 
Center’s Santa Cruz laboratory (refer to Attachment 2 of the M&E Program Genetic 
Sampling and Characterization Protocol and Procedure), as well as additional guidelines 
provided by the CDFG (refer to Attachment 3 of the M&E Program Genetic Sampling 
Protocol and Procedure), will be used to collect data and genetic samples from all live adult 
Chinook salmon and Fresh (i.e., pink or red gills or at least one clean eye) Chinook salmon 
carcasses. Genetic analyses are conducted by the NOAA Southwest Fisheries Science 
Center’s Santa Cruz laboratory.   
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Scales are additionally collected as part of the M&E Programs Genetic Sampling and 
Characterization Protocol and Procedure for age assessment.  If possible, all observed fresh 
Chinook salmon carcasses will have scale samples and associated data collected.  For the 
CDFG Age Scale Program, a minimum goal of 550 scale samples is needed for each run of 
Chinook salmon being sampled (Kormos 2007 as cited in the M&E Program).  In addition, 
scale samples are needed for all coded-wire tagged fish and all grilse.  Scale samples are 
collected from a preferred scale area located on the left side of the fish.  A diagonal section 
of 20-30 scales are taken from the posterior insertion of the dorsal fin and just slightly above 
the lateral line.   

14) Otolith Sampling and Characterization 

The Otolith Sampling and Characterization Protocol and Procedure will identify whether 
adults spawning on the Yuba River were originally born and reared in the lower Yuba River 
or whether they are strays to the lower Yuba River. The use of 87Sr/86Sr isotopic data permits 
the identification of whether individuals are of natural or hatchery origin, as well as their 
specific source of origin (e.g., Feather River Hatchery vs. Coleman National Fish Hatchery). 

The Yuba River has an 87Sr/86Sr value of 0.7082 (Barnett-Johnson et al. 2008 as cited in the 
M&E Program). This relatively high ratio is distinct among other tributaries to the 
Sacramento River. Wild and hatchery-origin fish from the Feather River are likely sources of 
strays due to proximity to the lower Yuba River and are isotopically distinguishable from the 
lower Yuba River and each other, as are other potential sources of strays. 

Goals of the Otolith Survey include: (1) determining the origin of Chinook salmon in the 
lower Yuba River (i.e., hatchery-origin, natural-origin and river of origin); and (2) evaluating 
the contribution of Chinook salmon naturally produced in the Yuba River to the returning 
spawning population.   

Otolith sampling was conducted during 2009-2010 and will again be conducted during 2010-
2011.  The need for additional years of sampling will be determined pending the RMT’s 
review of the results from previous and planned sampling.  Otoliths are collected during the 
annual Chinook salmon carcass surveys as part of the long-term monitoring effort of the 
lower Yuba River spring-run and fall-run adult Chinook salmon populations. Annual 
Chinook salmon carcass surveys and otolith sampling occur from the beginning of the 
spawning season (September) through the end of the spawning season (late-January).  Begin 
and end dates of the annual carcass survey will vary depending on when Chinook salmon 
redds are observed and when the recapture rate of tagged carcasses in January approaches 
zero.   

In the field, otoliths are removed from all fresh non-adipose fin-clipped Chinook salmon 
carcasses.  In addition, otoliths are removed from all of the heads collected from adipose fin-
clipped carcasses in the laboratory unless a sub-sampling procedure (as described below) is 
required due to high carcass numbers.  A “flip top” approach for removing otoliths is used so 
the fresh non-adipose fin-clipped fresh carcasses can be tagged for the mark-recapture study.  
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A detailed description of this procedure is provided in the M&E Program Carcass Survey 
Protocol and Procedure. 

The Otolith Sampling and Characterization Protocol and Procedure analyzes a minimum of 
100 temporally stratified otoliths to reflect the distribution of spawners to the lower Yuba 
River and acquire a reasonable estimate of straying.  Sample numbers may be increased to 
better constrain estimates as demonstrated during the 2009 Otolith Survey. Otolith survey 
results will be linked to the M&E Program Genetic Sampling analysis (spring- vs. fall-run 
Chinook salmon determination). 

All fresh Chinook salmon carcasses were sampled during the 2009 carcass survey, with the 
exception of October 21, 2009 when sub-sampling methods were used because of a large 
sample size. Watershed-level composition estimate was attained by creating a 'Rand' variable 
in excel to assign a random number to each otolith sample.  Samples were subsequently 
sorted in ascending order, and the first 120 samples used in analysis.  The additional 20 
samples were saved in case any of the initial 120 samples were compromised during the 
preparation process, or were required for later analysis. 

Samples collected on October 21, 2009 were sub-sampled at a ratio 1:5 in the field.  To 
ensure than these sub-samples were not underestimated in the watershed-level composition 
estimate, and to account for a greater representation of carcasses on that day that were not 
sampled, 4 “dummy” variables was created for each of samples collected, which represented 
the fish not sampled.  The “dummy” variable was included in the original 'Rand' subsample.  
In the instance where a “dummy” variable was selected as part of the subsample, a collected 
otolith sampled from a carcass that day was substituted. 

Otolith microchemistry analysis is performed via a contract with the Barnett-Johnson 
Fisheries and Otolith Laboratory at the University of California, Santa Cruz.  Otolith 
microchemistry analyses conducted are expected to be similar to those used by Barnett-
Johnson et al. (2007 and 2008; as cited in the M&E Program).  The microchemistry analysis 
assessed the concentration of heavy and light Strontium isotopes, 87Sr and 86Sr respectively, 
because Sr substitutes for Ca in the otoliths carbonate matrix and can be extracted at daily 
growth increments.  The technique analyses the 87S /86Sr isotopic ratios that identify natal 
freshwater habitat, small-scale movement patterns and timing of migration into freshwater 
from the ocean based on water chemistry or foodwebs disparities among habitats. In addition 
to otolith microchemistry analyses, efforts are underway to plan activities associated with 
otolith microstructure analyses to examine discrete daily growth increments deposited 
throughout the life of the fish. 
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OTHER DATA COLLECTION AND MONITORING PROGRAMS 

CDFG Scale Aging Program 

CDFG uses scales to estimate salmonid size at age, and obtain information on the age 
structure of the annual Chinook salmon runs in the Central Valley, including the lower Yuba 
River.  Scale sampling occurs at hatcheries and on CDFG escapement surveys to reflect 
spatial and temporal differences in age structure among fish.   

Goals of CDFG’s Scale-Age Program include: (1) examining age structure and the variation 
in the age structure of the total (hatchery and natural origin) and of natural origin spring-run 
and fall-run Chinook salmon; and (2) estimating sex composition by age for the total 
(hatchery and natural origin) population and of natural origin adults, and determine the 
variability in sex composition of the adult population (by age) for spring-run and fall-run 
Chinook salmon.  

Lower Yuba River Chinook salmon escapement surveys are conducted each year (see 
above). Scale samples are collected annually from October through January in the lower 
Yuba River.  Results from the 2006-2007 and 2007-2008 are reported above (see Grover and 
Kormos undated).  

Scale samples are collected from fresh Chinook salmon carcasses for age determination and 
cohort reconstruction through cooperation with the Ocean Salmon Project. The sample 
design was selected to achieve a non-biased estimate of age structure for the specific portion 
of the population where escapement estimates are made without respect to known or 
unknown age fish. Almost all of the adipose fin clipped fish from hatcheries are scale 
sampled to provide a reference collection of as many known age scales as possible. In 
hatcheries, samples are collected at a constant rate throughout the entire spawning period 
keeping track of the “random” age sample and the additional “non-random” known age 
samples. During carcass surveys, samples are collected at a constant rate as fish suitable for 
sampling are encountered. Because of the high sample rate for known age scales at hatcheries 
and the difficulty of sampling on spawning grounds, non-random samples are generally not 
taken from adipose fin clipped carcasses. 

A skin patch containing between 20-30 scales is removed from the scale pocket located 
posterior of the last dorsal fin ray, and above the lateral line. Each skin patch is placed in an 
individual envelope containing: (1) unique sample code; (2) date; (3) location; (4) fork 
length; (5) sex; (6) ad-clip status; and (7) head tag number if available. Scale envelopes are 
placed in a dry storage area for later processing by the Ocean Salmon Project’s scale aging 
team.  State of the art mounting, digital imaging and digital reading techniques are currently 
used to examine age structures or patterns.  Individual ages are determined from scales by 
counting winter annuli. Annuli can be identified as bands of closely spaced or broken circuli. 
Scale samples are read by an individual experienced reader and field biological data (sex and 
length) are taken into consideration only after the initial evaluation of age by the reader.   
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CDFG Angler Surveys 

In 1998, the CDFG created the Central Valley Salmon and Steelhead Harvest Monitoring 
Project.  The goal of this program is to estimate the number of adult Chinook salmon and 
steelhead resulting from natural production in Central Valley rivers and streams including: 
(1) determining annual estimates of the total in-river harvest of salmon and steelhead; and (2) 
provide limited harvest data on other anadromous and resident sport fish species. . According 
to CDFG’s current Freshwater Sport Fishing Regulations, the lower Yuba River is closed to 
salmon fishing. 

River sections for the lower Yuba River are surveyed year round (D. Massa, CDFG, pers. 
comm., 2009) Two river sections have been previously surveyed by the Central Valley 
Angler Survey on the Yuba River including: (1) Marysville to DPD; and (2) DPD to 1 mile 
upstream of the Highway 20 Bridge. All sample sections were surveyed eight randomly-
selected days per month; four weekdays and four weekend days. Weekdays and weekend 
days were placed in separate strata due to the increase in angling effort commonly associated 
with weekend days. 

The Yuba River is surveyed via kayak, so the angler count and interview data are collected in 
tandem as the surveyor travels downstream with the current.   Start time and launch location 
are randomized using a random number generator.  All data collected is linked to a unique 
number series assigned to the Central Valley tributaries of the Sacramento River that 
represent river miles.  

Field data required to calculate angler use and catch estimates include hourly counts, angler 
counts, and angler interviews.  During the angler count, time and location of anglers is 
collected, as well as parameters for angler effort such as the number of boats, the number of 
boat or shore anglers, and the start and finish times.  An interview of all anglers observed 
during the angler count is preferable.  However, if not feasible than every nth angler is 
interviewed.  Data collected during each interview includes: (1) angler location by river mile; 
(2) fishing method (boat or shore); (3) number of hours fished to the nearest quarter-hour; (4) 
number of anglers in group; (5) target species; (6) zip code; (7) whether the trip was 
completed; and (8) the number of fish kept and/or released by species. 

Length is used to differentiate between steelhead and rainbow trout. All rainbow trout 16" or 
greater are considered to be steelhead. Rainbow trout less than 16" are recorded as rainbow 
trout. For, steelhead/rainbow trout, striped bass, and sturgeon, fish are measured to the 
nearest ½ centimeter and inspected for any marks or tags.  All steelhead caught are inspected 
for the presence of an adipose fin. A steelhead missing an adipose fin indicated the fish was 
of possible hatchery origin. 

YCWA Lower Yuba River Redd Dewatering and Fry Stranding Monitoring and 
Evaluation  

In D-1644, the SWRCB in 2001 directed YCWA to submit a plan, in consultation with 
USFWS, NMFS, and CDFG that describes the scope and duration of future flow fluctuation 
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studies to verify that Chinook salmon and steelhead redds are being adequately protected 
from dewatering with implementation of D-1644 criteria (JSA 1992). In RD-1644, the 
SWRCB in 2003 readopted this requirement. After various comments and revisions, the 
March 2002 Plan (Plan) was approved by the SWRCB on April 17, 2002. Phase I of the Plan 
was undertaken in 2002, and implementation of Phase II of the Plan continues. 

Studies associated with the Plan combine habitat mapping, field surveys, and information on 
the timing and distribution of fry rearing in the lower Yuba River to evaluate the 
effectiveness of D-1644 flow fluctuation and reduction criteria in protecting Chinook salmon 
and steelhead/rainbow trout fry.  Goals of YCWA Lower Yuba River Redd Dewatering and 
Fry Stranding Monitoring and Evaluation include: (1) determine the potential magnitude of 
redd dewatering in relation to the timing and magnitude of flow fluctuations and reductions; 
(2) determine the potential magnitude of fry stranding in relation to the timing, magnitude, 
and rate of flow fluctuations and reductions; (3) evaluate the effectiveness of flow fluctuation 
and reduction criteria in protecting redds and fry; and (4) recommend additional measures to 
protect redds and fry from flow fluctuations and reductions, if warranted.  

Two studies were conducted and summarized in the 2007 and 2008 Lower Yuba River Redd 
Dewatering and Fry Stranding Annual Reports (JSA 2007, 2008) to the SWRCB (see the 
Available Field Studies and Data Collection Reports section of this document).   

In accordance with the Lower Yuba River Redd Dewatering and Fry Stranding Monitoring 
and Evaluation Plan (2003), YCWA and JSA will continue to monitor and evaluate 
stranding risk and flow-habitat relationships for off-channel stranding.  Future actions will 
include the following: (1) continued evaluation of the effects of time of day (night versus 
day) on stranding risk of juveniles; (2) inspection of interstitial habitats along the river 
margins to determine the presence of young fry before bar stranding evaluations; (3) 
evaluation of the effects of higher ramping rates (>100 cfs per hour) on stranding risk of 
larger fry and juveniles; (4) continued evaluation of the relationship between flow range and 
the number, area, and distribution of off-channel sites that become disconnected from the 
main river; (5) evaluation of the effect of peak winter and spring flows on the incidence of 
off-channel stranding; and (6) continued monitoring of habitat conditions and survival of 
Chinook salmon and steelhead/rainbow trout in selected off-channel monitoring sites where 
stranding is frequently observed.   

CDFG Steelhead/Rainbow Trout Acoustic Tagging and Tracking Survey 

This is a multi-year study to monitor the movement patterns of wild juvenile and adult 
steelhead/rainbow trout in the lower Yuba River by CDFG (The Heritage and Wild Trout and 
the Steelhead Management and Recovery Programs). Utilizing acoustical tags and instream 
hydrophones, this project will track tagged trout movements, habitat selection, and evaluate 
tracking techniques over multiple seasons and flow conditions. The goal of this program is to 
develop understanding regarding the movement of steelhead/rainbow trout to help agencies 
better manage the trout populations on the lower Yuba River, thus providing anglers with a 
continued sport fishing opportunity for wild resident/anadromous trout in the Central Valley. 
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Monitoring for acoustic-tagged spring-run Chinook salmon occurs on the lower Yuba River 
from Englebright Dam to the Yuba River and Feather River confluence through the use of 
acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. comm.).  As of 
February 2009, there are 16 hydrophones located throughout the lower Yuba River.  Static 
receiver hydrophones will operate continuously year-round and data will be obtained at least 
every other month by CDFG.   

Wild juvenile and adult steelhead/rainbow trout are captured using hook-and-line sampling, 
and acoustic tags are inserted into the fish. The exact location(s) for acoustic tagging will 
vary depending upon the specific locations of individual captures.   

In addition to fixed-station hydrophones (i.e., static receivers), mobile tracking surveys are 
conducted.  When an acoustically tagged fish is detected, the location is recorded using a 
GPS unit.   
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Study 7.9 

GREEN STURGEON 
DOWNSTREAM OF ENGLEBRIGHT DAM1 

April August 2011 
 

1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) has the potential to affect habitat 
suitability and availability for the Southern Distinct Population Segment (DPS) of North 
American green sturgeon (Acipenser medirostris)2 downstream of the United States Army Corps 
of Engineers’ (USACE’s) Englebright Dam.3  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies have jurisdiction over green sturgeon that could be 
potentially affected in the geographic area included in this study proposal:  1) United States 
Department of Interior, Fish and Wildlife Service (USFWS); 2) United States Department of 
Commerce, National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NMFS); 3) California Department of Fish and Game (CDFG); and 4) State Water 
Resources Control Board, Division of Water Rights (SWRCB).  Each of these agencies and their 
jurisdiction and management direction, as understood by YCWA at this time, is discussed below. 
 
USFWS 
USFWS’s jurisdiction and goals and objectives are described by USFWS on pages 1 through 3 
of USFWS’s March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-
Application Document, or  (PAD) (YCWA 2010).  USFWS’s jurisdiction, goals and objectives 
are not repeated here.      
 
NMFS 
NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  NMFS’s jurisdiction and responsibilities are not repeated here.      
 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Federally listed as threatened; including critical habitat designation. 
3  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 

United States Army Corps of Engineers, and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act  (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Study Goals and Objectives 
 
The goal of the study is to attempt to document the occurrence, temporal, and spatial distribution 
and movement of the North American green sturgeon in the Yuba River downstream of 
Englebright Dam.,  The objectives are to and to identify the availability of habitat for adult 
holding and spawning under variable flow and water temperature regimes.  
 

4.0 Existing Information and Need for Additional 
Information 

 
The Yuba River is one of the more thoroughly studied rivers in the Central Valley of California.  
The fish community of the lower Yuba River has been studied since the mid-1970s.  The Yuba 
River downstream of Englebright Dam supports a diverse fish community comprised of 
anadromous and non-anadromous, native and introduced fish species (CDFG 1991; Kozlowski 
2004).  Available existing information regarding the North American green sturgeon is presented 
below.  
 
4.1 Existing Information 
 
4.1.1 Listing Status and Critical Habitat Designation 
 
The Southern DPS of the North American green sturgeon was listed as a federally threatened 
species on April 7, 2006 (71 FR 17757) and includes the North American green sturgeon 
population spawning in the Sacramento River and utilizing the Sacramento-San Joaquin River 
Delta, and San Francisco Estuary. NMFS (2009) Draft Environmental Assessment for the 
Proposed Application of Protective Regulations Under Section 4(D) of the Endangered Species 
Act for the Threatened Southern Distinct Population Segment of North American Green Sturgeon 
indicated that the Southern DPS of North American green sturgeon faces several threats to its 
survival including the loss of spawning habitat in the upper Sacramento River, and potentially in 
the Feather and Yuba rivers, due to migration barriers and instream alterations.  
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On October 9, 2009, NMFS (74 FR 52300) designated critical habitat for North American green 
sturgeon, which includes the Sacramento River, lower Feather River, lower Yuba River, the 
Sacramento-San Joaquin River Delta, and San Francisco Estuary (NMFS 2009b).  NMFS (74 FR 
52300) defined specific habitat areas in the Sacramento, Feather, and Yuba rivers in California to 
include riverine habitat from the river mouth upstream, to and including the furthest known site 
of historic and/or current sighting or capture of North American green sturgeon, as long as the 
site is still accessible.  NMFS (74 FR 52300) designated critical habitat in the Yuba River to 
extend from the confluence with the mainstem Feather River upstream to USACE’s Daguerre 
Point Dam.4 
 
4.1.2 Available Information 

Since the 1970s, numerous surveys of the Yuba River downstream of Englebright Dam have 
been conducted including annual salmon carcass surveys, snorkel surveys, beach seining, 
electrofishing, rotary screw trapping, redd surveys, and other monitoring and evaluation 
activities (see Attachment 1A to Study Plan 7.8 ESA-listed Salmonids Downstream of 
Englebright Dam). Although previous surveys were not specifically designed to addressing green 
sturgeon, over the many years of these surveys and monitoring of the Yuba River, only one 
confirmed observation of an adult North American green sturgeon has been confirmed prior to 
2011.occurred,  Although results are preliminary, in a memorandum dated June 7, 2011 Bergman 
et. al (2011) stated that during May 2011 they observed what they believed were 4 to –5 green 
sturgeon near the center of the channel at the edge of the bubble curtain below Daguerre Point 
Dam. The sturgeon were observed either on a gravel bar approximately 1.5 meters deep, or in a 
pool approximately 4 meters deep immediately adjacent to the gravel bar.  and tThere have been 
no observations of any North American green sturgeon juveniles, larvae or eggs.  Historic 
anecdotal accounts of sturgeon in the Yuba River have been reported by anglers, but these 
accounts do not specify whether the fish were white or green sturgeon (Beamesderfer et al.  
2004).   

The NMFS September 2008 Draft Biological Report, Proposed Designation of Critical Habitat 
for the Southern Distinct Population Segment of North American Green Sturgeon (NMFS 2008a) 
states that of the three adult or sub-adult sturgeon observed in the Yuba River below Daguerre 
Point Dam during 2006, only one was confirmed to be a North American green sturgeon. NMFS 
(2008b) additionally states that “Spawning is possible in the river, but has not been confirmed 
and is less likely to occur in the Yuba River than in the Feather River. No green sturgeon 
juveniles, larvae, or eggs have been observed in the lower Yuba River to date.” 

Over the many years of monitoring the Yuba River, the single cThe two confirmed observations 
of an adult North American green sturgeon below Daguerre Point Dam indicates extremely 
infrequent utilization of the Yuba River by North American green sturgeon.  Although there are 
fish ladders at Daguerre Point Dam, they were designed for salmonid passage and it is believed 
that adult sturgeon are unable to ascend the structure (CALFED and YCWA 2005).      

                                                 
4  Daguerre Point Dam was constructed by the California Debris Commission in 1910, is owned, operated and maintained by the 

United States Army Corps of Engineers, and is not included as a Project facility in FERC licenses for the Yuba River 
Development Project. 
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Information regarding North American green sturgeon distribution, movement and behavioral 
patterns, as well as lifestage-specific habitat utilization preferences is generally lacking 
throughout the rivers in the California Central Valley, including the Yuba River.  Further, limited 
information on North American green sturgeon movement, spawning and timing is available for 
the Sacramento and the Feather rivers.   

North American green sturgeon occasionally range into the Feather River but numbers are low 
and there is no data documenting current or historical spawning (Beamesderfer et al. 2007).  
NMFS (2008b) states that the presence of adult, and possibly subadult, North American green 
sturgeon within the lower Feather River has been confirmed by photographs, anglers’ 
descriptions of fish catches (P. Foley, pers. comm. cited in CDFG 2002), incidental sightings 
(DWR 2005), and occasional catches of North American green sturgeon reported by fishing 
guides (Beamesderfer et al. 2004).  Although adult North American green sturgeon occurrence in 
the Feather River has been documented, larval and juvenile North American green sturgeon have 
not been collected.  These efforts included attempts to collect larval and juvenile sturgeon during 
early spring through summer using rotary screw traps, artificial substrates, and larval nets 
deployed at multiple locations (Seesholtz 2003).  Moreover, unspecific past reports of North 
American green sturgeon spawning (Wang 1986; USFWS 1995; CDFG 2002) have not been 
corroborated by observations of young fish or significant numbers of adults in focused sampling 
efforts (Schaffter and Kohlhorst 2002; Niggemyer and Duster 2003; Seesholtz 2003; 
Beamesderfer et al. 2004).  Based on these results, NMFS (71 FR 17757) concluded that an 
effective population of spawning North American green sturgeon does not exist in the Feather 
River at the present time.  However, four fertilized green sturgeon eggs were collected near the 
Thermalito Afterbay Outlet on June 14, 2011, thus providing the first documentation of at least 
some successful spawning in the Feather River (A. Seesholtz, CDWR, pers. comm., June 16, 
2011). 

North American green sturgeon in the Sacramento River have been documented and studied 
more widely than in either the Feather or the Yuba rivers.  North American green sturgeon adults 
in the Sacramento River are reported to begin their upstream spawning migrations into 
freshwater during late February, prior to spawning between March and July, with peak spawning 
believed to occur between April and June (Adams et al. 2002). NMFS (2009a) reports that based 
on recent data gathered from acoustically tagged adult North American green sturgeon, they 
migrate upstream during May as far as the mouth of Cow Creek, near Bend Bridge on the 
Sacramento River.  

In the Sacramento River, NMFS (2009a) reports that adult North American green sturgeon prefer 
deep holes (≥ 5 meters depth) at the mouths of tributary streams, where they spawn and rest on 
the bottom. After spawning, the adults hold over in the upper Sacramento River between Red 
Bluff Diversion Dam (RBDD) and Glenn Colusa Irrigation District (GCID) until November 
(Klimley 2007).  Heublein et al. (2006, 2009) reported the presence of adults in the Sacramento 
River during the spring through the fall into the early winter months, holding in upstream 
locations prior to their emigration from the system later in the year.  North American green 
sturgeon downstream migration appears to be triggered by increased flows, decreasing water 
temperatures, and occurs rapidly once initiated (NMFS 2009a).  Some adult North American 
green sturgeon rapidly leave the system following their suspected spawning activity and re-enter 
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the ocean in early summer (Heublein et al. 2006).  NMFS (2009a) states that North American 
green sturgeon larvae and juveniles are routinely observed in rotary screw traps at RBDD and 
GCID, indicating spawning occurs upstream of both these sites.  

To investigate adult immigration, spawning or juvenile nursery habits of North American green 
sturgeon in the upper Sacramento River, Brown (2007) developed a study to identify North 
American green sturgeon spawning locations and dates in the upper Sacramento River. Using a 
depth finder, study sites were selected at locations upstream of deeper holes in higher velocity 
water in the Sacramento River (Brown 2007).  The study was originally designed in 1997 using 
the prevalent methodology at the time (e.g., artificial substrate mats) for the capture of eggs and 
larvae of white sturgeon. Brown (2007) reports that later findings from artificial spawning and 
larval rearing of North American green sturgeon (Van Eenennaam et al. 2001) indicate that 
North American green sturgeon eggs may be less adhesive than eggs from other acipenserids, 
possibly reducing the effectiveness of artificial substrate sampling.  

Brown (2007) suggested that spawning in the Sacramento River may occur from April to June, 
and that the potential spawning period may extend from late April through July as indicated by 
the rotary screw trap data at the RBDD from 1994 to 2000.  

Prior to studies conducted by the University of California at Davis (UC Davis), there were few 
empirical observations of North American green sturgeon movement in the Sacramento River 
(Heublein et al. 2009).  The study by Heublein et al. (2009) is reportedly the first to describe the 
characteristics of the adult North American green sturgeon migration in the Sacramento River, 
and to identify putative regions of spawning habitat, based on the recorded movements of free-
swimming adults. 

Heublein et al. (2009) observed that North American green sturgeon enter San Francisco Bay in 
March and April and migrate rapidly up the Sacramento River to the region between GCID to 
Cow Creek.  The fish lingered at these regions at the apex of their migration for 14–51 days, 
presumably engaged in spawning behavior, before moving back downriver (Heublein et al. 
2009).  

The Sacramento River adjacent to the GCID pumping plant routinely holds a large aggregation 
of North American green sturgeon during summer and fall months, although the GCID 
aggregation site is atypical of oversummering habitats in other systems, being an area of high 
water velocity (Heublein et al. 2009).  The GCID site is over 5 meters deep with structural 
current refuges and eddy formations.  It is possible that North American green sturgeon occupies 
lower-velocity subsections of the site, although observations of North American green sturgeon 
capture, and manual tracking estimates, indicate that North American green sturgeon are found 
in, or in very close proximity to, high velocity areas (Heublein et al. 2009). 

Heublein et al. (2009) stated that in contrast to the behavior of North American green sturgeon 
observed during 2004–2005, the majority of out-migrants detected in 2006 displayed an entirely 
different movement strategy.  Nine of the ten tagged fish detected that year exited the system 
with no extended hold-over period and with no apparent relation to flow increases, eight leaving 
before 4 July and the last on 22 August. Heublein et al. (2009) suggested that the rapid out-
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migration of North American green sturgeon in 2006, and the reduced aggregation period at the 
GCID site could be a result of consistently higher flows and lower temperatures than previous 
study years.  Alternatively, this could be an unusual behavior, related to unknown cues, that has 
not been documented in North American green sturgeon prior to this study (Heublein et al. 
2009). 

The apex detections of individual fish indicate reaches and dates when spawning might have 
occurred during the study conducted by Heublein et al. (2009).  They reported that spawning 
may have occurred between May and July, and that high water velocities and extensive bedrock 
habitat were found in all of the apex detection reaches.  Furthermore, water temperatures did not 
exceed 62.6°F (17°C) in these reaches during this study, which would have permitted normal 
North American green sturgeon larval development (Van Eenennaam et al. 2005 as cited in 
Heublein et al. 2009). 

The habitat requirements of North American green sturgeon are not well known.  Eggs are likely 
broadcast and externally fertilized in relatively fast water and probably in depths greater than 3 
meters (Moyle 2002).  Preferred spawning substrate is likely large cobble where eggs settle into 
cracks, but spawning substrate can range from clean sand to bedrock (Moyle 2002).  Water 
temperatures above 68°F (20°C) are reportedly lethal to North American green sturgeon embryos 
(Cech et al. 2000; Beamesderfer and Webb 2002).  

4.1.3   Ongoing Data Collection and Monitoring Activities 

NMFS’ ESA Recovery Program Biennial Report to Congress 2006–2008 (NMFS 2008) 
recommended several key conservation actions for North American green sturgeon including the 
need for ongoing green sturgeon-focused research, including fish passage, genetics studies, and 
acoustic tagging and tracking studies to better understand the distribution and migration of North 
American green sturgeon. 

State and federal resource agencies have partnered with the University of California and others to 
conduct several areas of research related to North American green sturgeon presence, 
distribution and lifehistorylife history requirements in the Central Valley.  As an example, 
information about the biology of the North American green sturgeon were presented at the 
symposium titled ‘‘The Green Sturgeon and Its Environment’’ held during the 39th Annual 
Meeting of the California-Nevada Chapter of the American Fisheries Society during 2005 
(Klimley et al. 2007).  Kelly et al. (2007) provided the first fine-scale description of daily North 
American green sturgeon estuarine movements and habitat use.  Several presentations also 
addressed the use of acoustic telemetry, which can be used both to follow the fish directly (Kelly 
et al. 2007) as they move within a region and to automatically monitor long-term and large-scale 
movements as in the studies presented by Benson et al. (2007).  Despite the progress from these 
studies and other work conducted to date, knowledge of the population biology of North 
American green sturgeon remains limited and understanding of the movements and behavior of 
North American green sturgeon is still in its infancy (Klimley et al. 2007).  
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4.1.3.1  UC Davis Biotelemetry Laboratory Surveys 

Since 2000, the University of California at Davis (UC Davis) Biotelemetry Laboratory has 
conducted studies to investigate the behavior and physiology of North American green sturgeon 
(UC Davis 2009).  This research is seeking to obtain information that addresses uncertainties 
regarding: 1) the parameters (e.g., temperature, dissolved oxygen, salinity, bathymetry, currents) 
that influence North American green sturgeon movements within the estuary; 2) adult North 
American green sturgeon movement and habitat utilization in the Sacramento River; 3) adult 
North American green sturgeon spawning locations and spawning habitat preferences; 4) 
residence times within the Sacramento River and the estuary; and 5) intervals between spawning 
runs (UC Davis 2009).  The project is comprised of two phases. Phase I was designed to 
elucidate fine scale movements of individual fish within the San Francisco Estuary over periods 
of hours, days, and weeks.  Phase II was designed to focus on large scale movements of fish 
throughout the entire Sacramento River system over periods of months and years. 

In Phase II, North American green sturgeon were surgically implanted with small ultrasonic tags 
(VEMCO V16) from 2004 to 2006.  Tag life was greater than 4 years.  The ultrasonic tags permit 
long-term monitoring of tagged fish with automated listening stations (VEMCO VR2) in both 
salt and fresh water.  These monitors were deployed throughout the Sacramento River system 
and remain in place year-round (UC Davis 2009). 

Phase II field work was initiated in April 2004 and continued through March 2006 (UC Davis 
2009).  A total of 212 North American green sturgeon were captured, of which 96 met the tag-
size criteria and were tagged and released. An array of 50 automated listening stations was 
deployed in the Sacramento River and San Francisco Bay between the Anderson Cottonwood 
Irrigation District (ACID) Dam in Redding, California and the Golden Gate Bridge (UC Davis 
2009).  Monitors were checked and data downloaded at regular intervals. Sixty tagged North 
American green sturgeon have been detected within the monitor array (UC Davis 2009). As of 
2008, the Phase I and II Biotelemetry Laboratory research activities on North American green 
sturgeon movements became inactive (UC Davis 2009), although the monitoring framework 
formed the basis for the larger array now operated by the California Fish Tracking Consortium.   

4.1.3.2  Central Valley Fish Tracking Consortium Surveys 

Since 2006 the Central Valley Fish Tracking Consortium, with funding from several sources 
including the CALFED Bay-Delta Program, NMFS and USACE, has established an array of 150 
ultrasonic tag-detecting monitors that “listen” for tagged anadromous fish throughout the Central 
Valley encompassing the area from just above Battle Creek on the Sacramento River to the 
Golden Gate Bridge, including the Sacramento-San Joaquin Delta (California Fish Tracking 
Consortium 2009). Collaboration between several academic, government and private 
organizations, the Central Valley Fish Tracking Consortium is comprised of UC Davis, 
NMFS/UC Santa Cruz, USACE, United States Fish and Wildlife Service (USFWS), California 
Department of Fish and Game (CDFG), East Bay Municipal Utilities District, Bay Planning 
Coalition and Hanson Environmental (California Fish Tracking Consortium 2009). 
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The ultrasonic tags used for this telemetry project are coded beacons, available from VEMCO 
Ltd. of Halifax, Canada (California Fish Tracking Consortium 2009). The receiver in the monitor 
measures the different separation times, decodes the identity of the tag, and places the 
corresponding tag ID along with time and date of detection in the memory of the automated VR2 
monitor (California Fish Tracking Consortium 2009). VEMCO V16 coded tags were inserted 
into the peritoneal (abdominal) cavity of adult North American green sturgeon, a photograph of 
the fish is taken, its length and mass are measured, and a description of its condition (scales, fin 
and eyes) is recorded before release (California Fish Tracking Consortium 2009). The VEMCO 
acoustic “pinger” tags send a signal (at 69kHz) to underwater monitors. . The signal emitted by 
the tag is a coded transmission that is unique for every tag, and therefore every fish. 

Continuous pinger tags with sensors are used to manually track fish, and also to monitor other 
environmental variables such as temperature and pressure (California Fish Tracking Consortium 
2009). A continuous tag transmits sequential pings with a precise interval or a varying interval 
that is correlated to a physical variable such as temperature or depth (Webber 2009). Using 
continuous ultrasonic tags allows researchers to spend extended periods tracking a study subject 
in order to better characterize the movement patterns and behavior of an individual. Several 
tracks of adult North American green sturgeon (and juvenile steelhead trout) have already been 
conducted in the Central Valley and more tracks are planned (California Fish Tracking 
Consortium 2009). 

Monitors have been deployed in pairs from the City of Sacramento to Cow Creek, a tributary to 
the mainstem Sacramento near Redding, California.  The monitors are offset at least 100 meters 
upstream or downstream of one another and typically placed on opposite banks to ensure that 
fish are detected as they pass by specific locations. The array is downloaded quarterly and the 
data is complied in a centralized database at the NMFS office in Santa Cruz. 

4.1.3.3  CDFG Acoustic Tagging and Tracking Survey 

Utilizing acoustical tags and instream hydrophones, this is a multi-year study to monitor the 
movement patterns of wild juvenile and adult steelhead/rainbow trout in the Yuba River by 
CDFG’s Heritage and Wild Trout and the Steelhead Management and Recovery Programs. 
Fixed-station hydrophone data collection conducted as part of this program also provides the 
opportunity to identify acoustically tagged North American green sturgeon. Monitoring occurs 
on the Yuba River from Englebright Dam to the Yuba River and Feather River confluence 
through the use of acoustic hydrophones currently in place (J. Nelson, CDFG, 2008, pers. 
comm.).  As of February 2009, there awere 16 hydrophones located throughout the Yuba River 
Figure 4.1.3.3-1.  As of July 2011, 7 additional fixed station hydrophones have been added for a 
total of 23 Sstatic receiver hydrophones, which operate continuously year-round in the Yuba 
River.  

Presently, 10 fixed-station hydrophones are located between the mouth of the Yuba River and 
Daguerre Point Dam. CDFG downloads acoustic ping data from the fixed-station hydrophones 
every other month. To download data from the receivers, a receiver is pulled from the river, a 
Bluetooth key is inserted into the unit, and a laptop equipped with Bluetooth capability and the 
VEMCO software is used to download the data (J. Nelson, CDFG, 2009, pers. comm.). Because 
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static receivers occasionally create “ghost” acoustic tag numbers (due to ping collisions of two 
transmitters), those will be manually removed by CDFG.  Ping data also will be filtered to 
remove duplicate tag numbers when the tag was detected numerous times during one occasion. 
Raw data files with all ping detections will be saved as a separate file prior to data filtering. 
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Figure 4.1.3.3-1.  Map of acoustic receivers in the lower Yuba River. 
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4.1.3.4 Lower Yuba River Accord Monitoring and Evaluation Program 

The Yuba Accord M&E Program includes study plans, referred to as Protocols and Procedures, 
which may provide anecdotal information regarding the presence of North American green 
sturgeon in the lower Yuba River, including:   

 Acoustic Tagging and Tracking  
 Snorkel Surveys  
 Redd Surveys  
 Rotary Screw Trapping (discontinued operation in August 2009) 
 
Although none of the aforementioned studies is specifically designed to collect data on green 
sturgeon, any anecdotal observations of North American green sturgeon during the 
implementation of these protocols and procedures (refer to www.yubaaccordrmt.com) will be 
incorporated into the database of information prepared for this study plan.  
 
4.2  Need for Additional Information 
 
Compilation of existing data and analysis of habitat characteristics such as flow and water 
temperature have not been conducted to date.  Such analyses would provide information about 
potential project-related effects on green sturgeon habitat availability.  LicenseeYCWA will 
collaborate with the Central Valley Fish Tracking Consortium and CDFG’s Heritage and Wild 
Trout and the Steelhead Management and Recovery Programs regarding detection of acoustically 
tagged North American green sturgeon in the Yuba River, as described below in Phase 1 of this 
study plan.  All information will be assessed and analyzed in consideration of habitat 
characteristics such as flow and water temperature in Phases 2 and 3 of this study plan.  Pending 
the results of Phase 1, additional surveys for North American green sturgeon in the Yuba River 
may be conducted, as described below in Phase 2.  
 

5.0 Study Methods and Analysis 
 
5.1  Study Area 
 
This study area includes the Yuba River from Englebright Dam downstream to the confluence 
with the Feather River.  This study area encompasses the locations where fixed-station 
hydrophones are presently located throughout the Yuba River, and corresponds to the activities 
to be conducted in Phase 1 of this study plan (as described below).  However, pending the 
outcome of Phase 1, Phase 2 of this study plan will be conducted for that portion of the Yuba 
River including field survey components may be conducted downstream of Daguerre Point Dam.  
If Phase 2 is conducted, field surveys would be restricted to the section of the Yuba River 
downstream of Daguerre Point Dam because: (1) no North American green sturgeon have been 
observed upstream of Daguerre Point Dam (NMFS 2008a): ); (2) the only confirmed 
observations of one adult North American green sturgeon have occurred downstream of 
Daguerre Point Dam (NMFS 2008a; Bergman et. al 2011); and (3) the area of critical habitat 
designated by NMFS (2009b) (74 FR 52300) for North American green sturgeon is limited to the 
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section of the Yuba River extending from Daguerre Point Dam downstream to the mouth; and 
(4) Daguerre Point Dam most likely acts as a barrier to upstream migration.    
 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the USFWS, NMFS, SWRCB and CDFG to 
provide an opportunity for input regarding how to address the variance.  Licensee will issue 
an e-mail to the Relicensing Contact List advising them of the resolution of the variance.  
Licensee will summarize in the final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets.  Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.5 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 

                                                 
5 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3  Methods 
 
This study is comprised of four Phases.  Phase 1 includes a comprehensive review of the recent 
and ongoing data collection efforts to determine whether any North American green sturgeon 
have been observed in the Yuba River other than since the last confirmed observation of one 
individual during 2006 and more than one individual during 2011.  Phase 1 activities specifically 
include the following steps: 1) compile available information regarding the number and location 
of acoustically tagged North American green sturgeon in collaboration with the University of 
California Davis Biotelemetry Laboratory and the Central Valley Fish Tracking Consortium; 2) 
collaborate with the Central Valley Fish Tracking Consortium to obtain records of detections of 
acoustically tagged North American green sturgeon in the Yuba River; 3) collaborate with the 
CDFG Heritage and Wild Trout Program regarding obtaining records of detections, if any, of 
North American green sturgeon presence and movement in the Yuba River;  and 4) collaborate 
with the Yuba Accord River Management Team (RMT) to review data collected through the 
Yuba Accord M&E Program and report any observations of North American green sturgeon. 
 
The outcome of Phase 1 will determine the need for implementing North American green 
sturgeon field surveys as detailed in Phase 2 below.  Phase 2, if conducted, specifically includes 
identification of potential green sturgeon habitat areas from Daguerre Point Dam downstream to 
the confluence with the lower Feather River.: 1) conducting deepwater surveys to document the 
occurrence of North American green sturgeon in the Yuba River downstream of Daguerre Point 
Dam.  Phases 3 and 4 will occur whether or not Phase 2 is implemented, and include conducting 
analyses and preparing a report.  
 
5.3.1 Phase 1 – Compile Data from Previous and Ongoing Data Collection 

Activities 

Available data from the University of California Davis Biotelemetry Laboratory Sacramento 
River Green Sturgeon Migration and Population Assessment 2004-2006 activities, and 
subsequently from the California Fish Tracking Consortium Central Valley Acoustic Telemetry 
Project will be gathered and reviewed.  Specifically, available information regarding the number 
and location of acoustically tagged North American green sturgeon will be summarized by 
LicenseeYCWA.   
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Review available data from the University of California Davis Biotelemetry Laboratory 
Sacramento River Green Sturgeon Migration and Population Assessment 2004-2006 activities, 
and subsequently from the California Fish Tracking Consortium Central Valley Acoustic 
Telemetry Project to document the presence, if any, of North American green sturgeon in the 
Yuba River.  If acoustically tagged North American green sturgeon are documented in the Yuba 
River, then available data will be compiled by LicenseeYCWA reporting the location(s) and 
time(s) of detections.  

Coordinate with If CDFG (The Heritage and Wild Trout and the Steelhead Management and 
Recovery Programs) on acoustic monitoring conducted ion the Yuba River to identifyies if any 
the detection of acoustically tagged North American green sturgeon has occurred.,  The then 
LicenseeYCWA will coordinate with CDFG and report the location and time of detections.  If 
the CDFG Heritage and Wild Trout and the Steelhead Management and Recovery Programs do 
not specifically examine the database in an effort to identify acoustically tagged North American 
green sturgeon detections, then LicenseeYCWA will coordinate with CDFG to examine the 
database specifically for North American green sturgeon detections. If any acoustically tagged 
North American green sturgeon are detected in the Yuba River, then  LicenseeYCWA will report 
the dates and locations of detections, as well as flow at the most proximate gage station (e.g., 
USGS gage at Marysville) and water temperature (estimated from interpolation between the most 
proximate upstream and downstream water temperature monitoring stations – see study plan 
2.5).   

Data from the Yuba Accord River Mmanagement Team will be assimilated and reviewed.  
Specifically, any anecdotal observations of green sturgeon during the implementation of the 
Yuba Accord M&E Program acoustic tagging and tracking, snorkel surveys, redd surveys, and 
rotary screw trapping (RST) (refer to www.yubaaccordrmt.com) will be reported for this study 
plan.  

Although population estimates for North American green sturgeon are not available within the 
Sacramento River System, it is likely that a relatively small percentage of the total population 
has been acoustically tagged.  The two detections (2006 and 2011) of one North American green 
sturgeon in the Yuba River may represent a unique observation of anomalous or random 
migratory behavior such as opportunistic foraging, or.  However, two or more detections may be 
indicative of selective habitat occupancy and utilization. Therefore, if no additional discreet 
individual acoustically-tagged green sturgeon are detected in the Yuba River downstream of 
Daguerre Point Dam prior to January 31, 2012, thenYCWA will assumes that green sturgeon do 
notmay regularly utilize this portion of the river, including spawning in addition to adult 
foragingholding.  In the October 9, 2009 final ruling for green sturgeon critical habitat 
designation, NMFS (2009b) (74 FR 52300) states “We recognize that spawning has not been 
confirmed in the lower Yuba River downstream of Daguerre Dam and have revised the final rule 
accordingly. However, the CHRT determined that the lower Yuba River likely provides spawning 
habitat for Southern DPS green sturgeon.” Additionally, YCWA, however, will continue to 
maintain communications with ongoing telemetry surveys, in case those efforts identify ongoing 
use of the lower Yuba River by green sturgeon. 
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Alternatively, if two or more discreet individual acoustically-tagged green sturgeon are detected 
in the Yuba River from Daguerre Point Dam to the mouth prior to January 31, 2012, then 
Licensee will assume that green sturgeon utilize this portion of the river, including spawning in 
addition to adult foraging, and will obtain any requisite permits and subsequently conduct 
deepwater habitat surveys for North American green sturgeon.  Given the assumption that green 
sturgeon may utilize the Yuba River for adult holding and spawning, Thethe next step of the 
methodologic procedure is to  data collection procedure, if conducted, will consist of initially 
identifying potential habitat areasdeepwater areas downstream of Daguerre Point Dam to the 
mouth of the Yuba River to be surveyed for North American green sturgeon, then conducting 
regularly scheduled surveys in those areas.  

5.3.2  Phase 2 - Conduct Field SurveysDocument Potential Habitat Areas 

The available information described above for North American green sturgeon in the Sacramento 
River system suggest that if adult North American green sturgeon were to be found in the Yuba 
River, they would have the greatest potential to be observed in deepwater habitats downstream of 
Daguerre Point Dam. from the initiation of spawning through the subsequent adult hold-over 
period. Because of the duration of spawning and potential post-spawning holdover periods as 
described above for North American green sturgeon in the Sacramento River System, relatively 
frequent sampling would be warranted. Therefore, deepwater habitats downstream of Daguerre 
Point Dam to the mouth of the Yuba River will be surveyed bi-weekly from March through 
August during 2012.   

NMFS identified a unique specific Primary Constituent Element (PCE) essential for the 
conservation of the Southern DPS of North American green sturgeon in the document titled 
Designation of Critical Habitat for the Threatened Southern Distinct Population Segment of 
North American Green Sturgeon - Final Biological Report (NMFS 2009c). According to NMFS 
(2009c), deep (≥ 5 m or 16.4 feet) holding pools are required for both upstream and downstream 
holding of adult or subadult green sturgeon, and deep pools of ≥ 5 meters (16.4 feet) deep are 
critical for adult green sturgeon spawning and for summer holding within the Sacramento River.  
A minimum depth of 10 feet will be used to identify deepwater habitats in the Yuba River 
downstream of Daguerre Point Dam as a rigorous criterion because although adult North 
American green sturgeon in the Sacramento River have been reported to prefer holes greater than 
or equal to 5 meters in depth (NMFS 2009a), and aggregates were found at depths greater than 5 
meters (Heublein et al. 2009), the spawning habitat requirements of North American green 
sturgeon are not well known.  Moyle (2002) suggests that North American green sturgeon 
probably spawn in depths greater than 3 meters (Moyle 2002).  

Because the lower Yuba River is smaller than the Sacramento River or other rivers citing a depth 
criterion of > 5 meters (16.4 feet), use of that criterion may be overly restrictive and not account 
for local opportunistic habitat utilization by green sturgeon.  Therefore, to provide a more 
rigorous and inclusive identification of potential green sturgeon habitat areas, all pools located 
downstream of Daguerre Point Dam characterized by water depths of > 10.0 feet will be 
identified by application of a SRH2D 2-dimensional model.  
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Deepwater habitats will be identified on ArcGIS maps of the Yuba River from Daguerre Point 
Dam to the confluence with the Feather River.  Polygons will be constructed of deepwater 
habitats equal to or greater than 10 feet in depth in the Yuba River from Daguerre Point Dam to 
the mouth at a nominal flow of 70530 cfs at the Marysville gage, which is the highest minimum 
instream flow requirement during March corresponding to the Yuba Accord flow schedules.,  
This nominal flow was selected because as previously described, North American green sturgeon 
adults in the Sacramento River are reported to begin their upstream spawning migrations into 
freshwater during late February, prior to spawning between March and July.  which is the highest 
minimum instream flow requirement during March corresponding to the Yuba Accord flow 
schedules, will be identified on the maps.  Deepwater habitat polygons, with a minimum 
internodal spacing of 5 feet, will be developed by LicenseeYCWA in collaboration with, and 
using data obtained by the Yuba Accord RMT in support of the M&E Program, through 
application of the digital elevation model and the SRH-2D 2-dimensional hydrodynamic model.  

Depending upon the number of deepwater habitat areas identified downstream of Daguerre Point 
Dam to the mouth of the Yuba River, a significant proportion of those identified deepwater 
habitat areas will be selected for sampling by Licensee in collaboration with Relicensing 
Participants and will be surveyed. 

Referencing the deepwater habitat base map, the field crew will navigate by jet boat to the areas 
demarcated on the map comprised of water depths equal to or greater than 10 feet, then utilize 
fathometer readings to determine specific locations of each deep water (i.e., ≥ 10 feet) area to be 
surveyed. 

Prior to conducting each deepwater habitat survey, the following data will be recorded: 1) survey 
date; 2) survey participants; 3) survey polygon identification on the reference map; 4) specific 
survey methods and techniques (i.e., snorkel and/or SCUBA); 5) weather; 6) streamflow (cfs); 7) 
turbidity (NTU), and 8) visibility (Sechi disc visibility).  

Although final survey procedures will be developed by Licensee in collaboration with 
Relicensing Participants, it is presently anticipated that surveys will be conducted with three 
people in the river and a fourth person on a boat.  Deepwater areas will be surveyed by divers 
beginning at the downstream end of the area working towards the upstream end of the area 
whenever possible.  In high velocity areas of the river where divers are physically unable to work 
in an upstream direction, they will survey the area by drifting downstream 3 abreast.  Divers will 
maintain “lanes” during surveys, spaced so that they are approximately 6 feet apart.  Divers will 
be responsible for surveying the area 3 feet on either side of their path through the river. 
Anecdotal observations of fish other than sturgeon will be recorded.  

If a sturgeon is observed, divers will preliminarily identify the fish to species, and also will take 
a still image using their mask-integrated digital camera for later species confirmation.  Fish 
length will be estimated.  Then the divers will direct the jet boat such that GPS coordinates are 
taken directly over the fish’s location.  Total water depths will be measured to the nearest 0.1 
feet using the jet boat fathometer, and substrate composition of ambient habitat will be visually 
estimated as percentage composition (to the nearest 10 percent) of each of eight size categories 
(see Yuba Accord M&E Program Substrate and Cover Mapping Protocol and Procedure at 
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www.yubaaccordrmt.com). Data obtained during the sturgeon surveys, if conducted, will be 
compiled in a Microsoft Excel database.  

5.3.3  Phase 3 – Conduct Analyses 

This study plan will summarize available information regarding the number and location of 
acoustically tagged North American green sturgeon from the University of California Davis 
Biotelemetry Laboratory Sacramento River Green Sturgeon Migration and Population 
Assessment 2004-2006 activities, and subsequently from the California Fish Tracking 
Consortium Central Valley Acoustic Telemetry Project.  If any acoustically tagged North 
American green sturgeon are documented in the Yuba River, then available data will be 
compiled by Licensee reporting the location(s) and time(s) of detections.  Any anecdotal 
observations of North American green sturgeon obtained during the implementation of the Yuba 
Accord M&E Program described above will be reported.  If one or no discreet individual 
acoustically-tagged green sturgeon are detected in the Yuba River prior to January 31, 2012, then 
the analyses will be restricted to these data compilations.   If two or more discreet individual 
acoustically-tagged North American green sturgeon are detected prior to January 31, 2012, or if 
eggs, larvae, juvenile or adult North American green sturgeon are observed during the 
implementation of the Yuba Accord M&E Program described above, or if North American green 
sturgeon are observed during the deepwater habitat surveys (if conducted), then the following 
analyses will be conducted.   

The analyses are comprised of assessing deepwater habitat availability and water temperature 
suitability for green sturgeon in the Yuba River, described below. 

5.3.3.1  Deepwater Habitat Availability 

For all pools identified by application of a SRH2D 2-dimensional model located below Daguerre 
Point Dam greater than 10.0 feet deep at the nominal flow of 530 cfs at the Marysville Gage, the 
average change in depth associated with change in discharge will be calculated over the range of 
flows corresponding to the hydrologic period of evaluation.  This calculation will be conducted 
to determine change in depth at green sturgeon habitat areas potentially affected by the Project. 

In addition to water depth, the relationship between areal extent (ft2) of green sturgeon habitat 
areas and flow will be assessed.  The area (acres) of available deepwater habitat polygons from 
Daguerre Point Dam to the mouth of the Yuba River that are equal to or greater than 10 feet in 
depth will be calculated in ArcGIS, derived by differencing between the digital elevation model 
and the SRH-2D 2-dimensional hydrodynamic model results. A relationship between the areas of 
deepwater habitat available and flows will be developed over the range of flows corresponding to 
the hydrologic period of evaluation.  

The amount of deepwater habitat available in the Yuba River downstream of Daguerre Point 
Dam to the mouth will be examined by conducting a deepwater habitat duration analysis.  The 
duration analysis will integrate estimates of deepwater habitat availability with hydrology over 
time (see Study Plan 2.5 Water Balance Operations Model) to provide a dynamic analysis of 
flow versus deepwater habitat availability. 
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The deepwater habitat duration curve will be constructed in the same manner as a flow duration 
curve, but will use estimates of deepwater habitat availability instead of flows as the ordered 
data. The product of the deepwater habitat duration analysis will be a record of mean daily 
deepwater habitat availability (acres), presented as an exceedance curve, over the hydrologic 
period of evaluation. The duration analysis will generate deepwater habitat availability duration 
metrics and calculate the differences between the existing operational scenario (including the 
Yuba Accord flow schedules) and other comparative scenarios based on a mean daily time step.   

The approach will be characterized and reviewed with the Relicensing Participants.  
LicenseeYCWA will review hydrodynamic model development, calibration and validation, and 
confirm all deepwater habitat availability duration analysis input parameters, extrapolation 
considerations, scenario assumptions, and desired output in collaboration with Relicensing 
Participants. 
 
5.3.3.2  Water Temperature Suitability 

Technical evaluation guidelines will be developed to assess potential effects of Project 
operations on North American green sturgeon water temperature suitability. Specifically, North 
American green sturgeon lifestage periodicities will be explicitly defined, and lifestage-specific 
water temperature index values will be derived from a comprehensive literature review.  Steps in 
this process will include: 1) clearly defining the periodicities of North American green sturgeon 
lifestages; 2) providing rationale for each lifestage definition and/or combination of lifestages, 
and their periodicities; 3) interpreting the literature on the effects of water temperature on the 
various lifestages of North American green sturgeon; 4) identifying water temperature suitability 
index values to be used as guidelines for effects assessment; 5) developing water temperature 
exceedance curves corresponding to specific lifestage periodicities using the water temperature 
model (see Study Plan 2.6 – Water Temperature Model); and 6) comparing water temperature 
exceedance curves with North American green sturgeon water temperature suitability index 
values over the hydrologic period of evaluation between the existing operational scenario 
(including the Yuba Accord flow schedules) and other comparative scenarios based on a mean 
daily time step.   

5.3.4  Phase 4 - Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study, if any.  The report will contain relevant summary tables and 
graphs.  The report will include the following: 1) data and information compiled during Phase 1; 
2) data, and information and ArcGIS maps developed in  collected if Phase 2 is implemented in 
the Yuba River downstream of Daguerre Point Dam; and 3) analyses of Phase 1 and Phase 2 (if 
conducted) results.   
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6.0  Study-Specific Consultation 

As FERC’s non-federal representative, LicenseeYCWA will informally consult with NMFS 
under section 7 of the federal ESA.  In addition, the following are specific areas for which 
LicenseeYCWA will consult with the Relicensing Participants, or other entities: 
 
Phase 1 - Compile Data from Previous and Ongoing Data Collection Activities 

 LicenseeYCWA will compile available information regarding the number and location of 
acoustically tagged North American green sturgeon after contacting the University of 
California Davis Biotelemetry Laboratory and the Central Valley Fish Tracking Consortium 

 LicenseeYCWA will contact the Central Valley Fish Tracking Consortium to obtain any 
detections of acoustically tagged North American green sturgeon in the Yuba River 

 LicenseeYCWA will contact the CDFG Heritage and Wild Trout Program regarding 
obtaining detections, if any, of North American green sturgeon presence and movement in 
the Yuba River 

 LicenseeYCWA will consult with the Yuba Accord RMT to review data collected through 
the Yuba Accord M&E Program and report any observations of North American green 
sturgeon. 

 LicenseeYCWA will convene a collaborative meeting with Relicensing Participants 
including CDFG, USFWS, and NMFS, to share information that has been compiled during 
Phase 1. 

 
Phase 2 – Conduct Field SurveysDocument Potential Habitat Areas 
 LicenseeYCWA will contact the Yuba Accord RMT to obtain data obtained by the RMT in 

support of the M&E Program, for the application of the digital elevation model and the SRH-
2D 2-dimensional hydrodynamic model. 

 
 Depending upon the number of deepwater habitat areas identified downstream of Daguerre 

Point Dam to the mouth of the Yuba River, the habitat areas will all be surveyed or a subset 
of the identified deepwater habitat areas will be selected for sampling by Licensee in 
consultation with Relicensing Participants 

 Final deepwater habitat survey procedures will be developed by Licensee in consultation 
with Relicensing Participants 

 
Phase 3 – Conduct Analyses 
 
 The analytical approach will be characterized and reviewed in consultation with the 

Relicensing Participants.  LicenseeYCWA will review hydrodynamic model development, 
calibration and validation, and confirm all deepwater habitat availability duration analysis 
input parameters, extrapolation considerations, scenario assumptions, and desired output in 
consultation with Relicensing Participants. 
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7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Compile Data from Previous Studies (Phase 1) ................................ January - February April 2012 
Field SurveysDocument Potential Habitat Areas (Phase 2, if conducted)March May - August 2012 
Analysis (Phase 3)........................................................................................ June - JulyAugust 2012 
Prepare Report (Phase 4) .......................................................................... August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The methods presented in this study plan also are consistent with other generally accepted 
scientific study methods concerning sonar and acoustic tagging studies, including those 
conducted by NMFS, CDFG, USFS and the California Fish Tracking Consortium in California. 
Integration of lower Yuba River acoustic tracking data into the Central Valley acoustic telemetry 
database is consistent with the overall goals and objectives of the California Fish Tracking 
Consortium, and will promote inter-agency collaboration.  Additionally, if conducted, the 
specified flow and water temperature effects evaluations using exceedance probabilities and 
durations would be consistent with previously conducted evaluations for other regulatory 
compliance documents in the Central Valley of California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between 
$200100,000 and $1235,000. 
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Study 7.10 

INSTREAM FLOW  
DOWNSTREAM OF ENGLEBRIGHT DAM1 

Augustpril 2011 
 

1.0 Project Nexus 
 
Yuba County Water Agency’s (Licensee or YCWA) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
Chinook salmon (Oncorhynchus tshawytscha) and steelhead (O. mykiss)2 habitat in the Yuba 
River downstream of the United States Army Corps of Engineers’ (USACE) Englebright Dam.3     
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that four agencies may have jurisdiction over Chinook salmon and 
steelhead/rainbow trout that could be potentially affected in the geographic area included in this 
study proposal:  1) United States Department of Interior, Fish and Wildlife Service (USFWS); 2) 
United States Department of Commerce, National Oceanic and Atmospheric Administration, 
National Marine Fisheries Service (NMFS); 3) California Department of Fish and Game 
(CDFG); and 4) State Water Resources Control Board, Division of Water Rights (SWRCB).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
      
USFWS 
USFWS’s goals and objectives are described by USFWS on pages 1 through 3 of USFWS’s 
March 7, 2011 letter to FERC that provided USFWS’s comments on YCWA’s Pre-Application 
Document, or (PAD (YCWA 2010).  USFWS’s goals and objectives are not repeated here.      
 
NMFS 

                                                 
1 Where this study proposal states that information for the study is being developed by the Lower Yuba River Accord River 

Management Team (RMT), if the RMT does not develop the information as described in this study proposal, YCWA will 
develop the information.  Also, all information developed as part of the relicensing, whether it is developed in the relicensing 
process or developed in the RMT process and brought into the relicensing, will be made public when YCWA files its final 
study report.  Further, if this study relies on information from RMT data, report or analytics, YCWA will attach the relevant 
RMT work product to the relicensing report for this study.   

2  Regarding O. mykiss, the physical appearance of adults and the presence of seasonal runs and year-round residents indicate that 
both sea-run (steelhead) and resident rainbow trout exist in the Yuba River downstream of USACE’s Englebright Dam.  Thus, 
it is recognized that both anadromous and resident lifehistory strategies of O. mykiss have been and continue to be present in 
the river, resulting in the use of the term “steelhead/rainbow trout” when referring to O. mykiss in this study proposal. 

3  Englebright Dam was constructed by the California Debris Commission in 1941, is owned, operated and maintained by the 
United States Army Corps of Engineers; and is not included as a Project facility in FERC licenses for the Yuba-River 
Development Project. 
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NMFS’s statutory authorities and responsibilities are described by NMFS in Section 2.0 of 
Enclosure A in NMFS’s March 7, 2011 letter to FERC providing NMFS’s comments on 
YCWA’s PAD.  This information is not repeated here.      
 
CDFG 
CDFG’s statutory authorities are described by CDFG on page 1 of CDFG’s March 2, 2011 letter 
to FERC providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 
of CDFG’s letter, is to preserve, protect, and as needed, to restore habitat necessary to support 
native fish, wildlife and plant species. 
 
SWRCB 
SWRCB has authority under the federal Clean Water Act (33 U.S.C. §11251-1357) to restore 
and maintain the chemical, physical and biological integrity of the Nation’s waters.  Throughout 
the relicensing process the SWRCB maintains independent regulatory authority to condition the 
operation of the Project to protect water quality and the beneficial uses of stream reaches 
consistent with Section 401 of the federal Clean Water Act, the Regional Water Quality Control 
Board Basin Plans, State Water Board regulations, CEQA, and any other applicable state law. 
 

3.0 Existing Information and Need for Additional 
Information 

 
3.1  Historic Instream Flow Studies 
 
Historically, three instream flow studies have been performed in the Yuba River downstream of 
Englebright Dam, each of which is discussed below. 
 
3.1.1  Beak 1989 
 
Between 1986 and 1988, CDFG and its contractor (Beak 1989) conducted a one-dimensional 
(1D) PHABSIM instream flow study that divided the river into four reaches: 1) the Narrows 
Reach extending  from Englebright Dam approximately 2.2 miles downstream to the terminus of 
The Narrows; 2) the Garcia Gravel Pit Reach extending 10.7 miles from The Narrows to the 
Daguerre Point Dam; 3) the Daguerre Point Dam Reach extending 7.8 miles to the upstream 
terminus of the Feather River backwater; and 4) the Simpson Lane Reach extending 3.5 miles 
from the upstream terminus of the Feather River backwater to the confluence of the Yuba and 
Feather rivers.   
 
The Beak study used the Instream Flow Incremental Methodology (IFIM) using computer 
models IFG4 and HABTAT from the Physical Habitat Simulation (PHABSIM) system as 
developed by the United States Department of Interior, Fish and Wildlife Service (USFWS) 
Instream Flow and Aquatic Systems Group.  The total range of flows simulated using PHABSIM 
for the study reaches were: 100 to 2,500 cfs for The Narrows and Garcia Gravel Pit study 
reaches, and 50 to 2,500 cfs for the Daguerre Point Dam and Simpson Lane study reaches. 
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The target species for Beak’s study was fall-run Chinook salmon and included the fry, juvenile, 
and spawning lifestages.  A total of 31 transects was placed on habitat types such that selected 
transects represented the range and proportion of habitat types occurring in the study area.  Six to 
nine transects were selected in each of the four reaches.  Beak developed site-specific Habitat 
Suitability Criteria (HSC) for the spawning, juvenile, and fry lifestages and used the non-
parametric tolerance limit method to create the HSC curves.   
 
Weighted Useable Area (WUA) results showed that the greatest amount of WUA for spawning 
in the lower Yuba River occurred at about 600 to 700 cfs.  Total WUA for this life stage varied 
among reaches, with the Garcia Gravel Pit Reach providing the most WUA at 700 cfs, followed 
by Daguerre Point Dam at 500 cfs, Simpson Lane at 700 cfs, and with little habitat provided by 
The Narrows Reach at any flow.    
 
Total WUA for juveniles was highest in the Daguerre Point Dam and Garcia Gravel Pit reaches 
at 200 and 150 cfs, respectively. The Simpson Lane Reach contributed a small amount of WUA, 
while The Narrows Reach provided virtually no juvenile habitat.   
 
Chinook salmon fry total WUA in each reach was highest at 100 cfs, except in The Narrows 
where WUA peaked at 300 cfs.  
 
The Beak/CDFG report was widely accepted, and was utilized in the development of the current 
flow standards for the lower Yuba River (the Yuba Accord, as adopted by the State Water 
Resources Control Board in 2008). 
 
3.1.2  Gard 2010a 
 
Two more historic instream flow studies were performed by the USFWS (Gard 2010a and 
2010b).  Gard’s 2010a study focused on flow-habitat relationships for spring and fall-run 
Chinook salmon and steelhead/rainbow trout spawning.  Gard’s 2010b study focused on flow-
habitat relationships for spring and fall-run Chinook salmon and steelhead/rainbow trout rearing. 
 
In the 2010a study, flow-habitat relationships were developed for spring and fall-run Chinook 
salmon and steelhead/rainbow trout spawning in the Yuba River between Englebright Dam and 
the Feather River.  A 2-dimensional (2D) hydraulic and habitat model (RIVER2D) was used to 
model available habitat.  Habitat was modeled for five sites upstream of Daguerre Point Dam and 
five sites downstream of Daguerre Point Dam.  These reaches were among those receiving 
heaviest use by spawning spring-run and fall-run Chinook salmon and steelhead/rainbow trout 
(Gard 2010a).  For each site RIVER2D was used to simulate hydraulic characteristics for 30 
simulation flows.    
 
HSC were developed from depth, velocity, and substrate measurements collected on 168 spring-
run Chinook salmon redds, 870 fall-run Chinook salmon redds, and 184 steelhead/rainbow trout 
redds.  Logistic regression was used to develop the depth and velocity HSC.  Substrate HSC 
were developed based on the relative frequency of redds with different substrate codes (Gard 
2010a). 
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According to Gard (2010a), the range of Yuba River flows studied was 150 cfs downstream of 
Daguerre Point Dam (the lowest flow in the Yuba River Accord) and 400 cfs upstream of 
Daguerre Point Dam (the current State Water Resources Control Board minimum flow) to 4,170 
cfs (the combined capacity of Narrows 1 and 2). 
 
Flows with the most amount of spawning habitat ranged from 900 cfs for spring-run Chinook 
salmon downstream of Daguerre Point Dam to 3,700 cfs for steelhead/rainbow trout downstream 
of Daguerre Point Dam (Gard 2010a) 
 
Draft versions of the Gard 2010a report received extensive comments from peer reviewers and 
various stakeholders; it is not clear that the final report addressed all of the comments received to 
the satisfaction of commentors. 
 
3.1.3  Gard 2010b 
 
In the 2010b Gard study, flow-habitat relationships for spring and fall-run Chinook salmon and 
steelhead/rainbow trout rearing were developed for the Yuba River between Englebright Dam 
and the Feather River.  A 2-dimensional hydraulic and habitat model (RIVER2D) was used to 
model available habitat.  Habitat was modeled for eight sites above Daguerre Point Dam and ten 
sites below Daguerre Point Dam which were representative of the mesohabitat types available in 
the two segments for fall/spring-run Chinook salmon and steelhead/rainbow trout fry and 
juvenile rearing (Gard 2010b).  For each site RIVER2D was used to simulate hydraulic 
characteristics for 30 simulation flows.    
 
Habitat suitability criteria (HSC) were developed from depth, velocity, adjacent velocity and 
cover measurements collected at the locations of 178 fall/spring-Chinook salmon fry, 39 
fall/spring-Chinook salmon juvenile, 195 steelhead/rainbow trout fry and 74 steelhead/rainbow 
trout juvenile observations (Gard 2010b). 
 
The peaks of the flow habitat relationship curves developed in this study were as follows.  In the 
Above Daguerre Segment, the 2-D model predicted the highest total WUA for fall/spring-run 
Chinook salmon fry at 4,300 cfs and for fall/spring-run Chinook salmon juveniles at 1,300 cfs.  
In the Above Daguerre Segment, the 2-D model predicted the highest total WUA for 
steelhead/rainbow trout fry at 400 cfs and for steelhead/rainbow trout juveniles at 1,000 cfs. In 
the Below Daguerre Segment, the 2-D model predicted the highest total WUA for fall/spring-run 
Chinook salmon fry rearing at 4,500 cfs and for fall/spring-run Chinook salmon juvenile rearing 
at 2,000 cfs.  In the Below Daguerre Segment, the 2-D model predicted the highest total WUA 
for steelhead/rainbow trout fry rearing at 500 cfs and for steelhead/rainbow trout juvenile rearing 
at 2,000 cfs (Gard 2010b). 
 
Draft versions of the Gard 2010b report received extensive comments from peer reviewers and 
various stakeholders; it is not clear that the final report addressed all of the comments received to 
the satisfaction of commentors. 
 
3.2  Other Relevant Information 
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LicenseeYCWA believes that the historic instream flow studies can be improved on by using 
information currently being developed by the Yuba Accord River Management Team (RMT).  In 
particular, LicenseeYCWA believes that, when completed and after review by Relicensing 
Participants, the hydraulic model being developed by the RMT can be a robust model on which 
to develop habitat versus flow relationships for Chinook salmon and steelhead/rainbow trout in 
the lower Yuba River.   
 
As a summary, the geographic scope of the RMT model is from Englebright Dam downstream to 
the confluence with the Feather River.   Five distinct reaches are being modeled: 1) the 
Englebright Reach; 2) the Timbuctoo Reach; 3) the Hammond Ranch Reach; 4) the Daguerre 
Reach; and 5) the Feather Reach.  The model does not utilize representative reaches or transects; 
rather, the distinct reaches being modeled can be processed sequentially to produce essentially a 
single continuous map and model of the entire Lower Yuba River. 
 
The RMT model uses as a platform SRH-2D to simulate hydraulics in each reach.  SRH-2D uses 
a flexible mesh that may contain arbitrarily shaped cells. A hybrid mesh may achieve the best 
compromise between solution accuracy and computing demand.  SRH-2D adopts very robust 
and stable numerical schemes with a seamless wetting-drying algorithm.  The resultant outcome 
is that few tuning parameters are needed to calibrate the model.4  
 
SRH-2D features include: 1) 2D depth-averaged dynamic wave equations (i.e., standard St. 
Venant equations) are solved with the finite-volume numerical method; 2) steady state with 
constant discharge, or unsteady flows with flow hydrograph may be simulated; 3) an implicit 
scheme is used for time integration to achieve solution robustness and efficiency; 4) an 
unstructured mesh is used, which includes the structured quadrilateral mesh, the purely triangular 
mesh, a combination of the two, or a Cartesian or raster mesh; 5) all flow regimes (i.e., 
subcritical, transcritical, and supercritical flows) may be simulated simultaneously without the 
need for special treatments; 6) robust and seamless wetting-drying algorithm; and 7) solved 
variables include water surface elevation, water depth, and depth-averaged velocity. 
 
The RMT model is just now being completed, with a draft report due to be completed soon.  
Various peer-reviewed papers relevant to the development and application of the model to 
various geomorphologic questions are in press or published. 
 
Other recently developed information and information currently being developed by the RMT 
that would be useful in developing up-to-date habitat versus flow relationships for Chinook 
salmon and steelhead/rainbow trout in the Yuba River downstream of Englebright Dam include: 
 

                                                 
4 SRH-2D was evolved from SRH-W which had the additional capability of watershed runoff modeling.  Many features are 

improved from SRH-W.  As described by the USBR Technical Service Center, Sedimentation and River Hydraulics Group 
website: http://www.usbr.gov/pmts/sediment/model/srh2d/index.html). 
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 Topographic and geologic maps, including a  digital elevation model (DEM) of the  Yuba 
River downstream of USACE’s Englebright Dam (M&E Program 2010)5   

 Hydrologic modeling and statistics for the Yuba River (YCWA 2007)  

 Operations procedures for Project facilities (YCWA 2009)  

 Low-altitude aerial video of the Yuba River (YCWA 2009)   

 Spatial and temporal abundance and distribution of steelhead/rainbow trout and Chinook 
salmon adult spawning (M&E Program 2010) 

 Spring-run and fall-run Chinook salmon and steelhead/rainbow trout redd observations in the 
Yuba River by the RMT (M&E Program 2010) 

 Hydrologic water balance/operations model of the Yuba River (Relicensing Study Proposal 
2.2)  

 Water temperature simulation model of the Yuba River (Relicensing Study Proposal 2.6) 

 Substrate and cover classification maps of the Yuba River downstream of USACE’s 
Englebright Dam to characterize microhabitat and mesohabitat conditions (M&E Program).  

 Mesohabitat classification map of the Yuba River (M&E Program) 

 Chinook salmon and steelhead redd observations in the Yuba River by the RMT YCWA 
using RMT M&E Program protocolsstudy plans to develop site-specific spawning HSC 
(YCWA) 

 Spring/fall-run Chinook salmon and steelhead fry and juvenile rearing observations in the 
Yuba River by the RMT usinged RMT to develop site-specific HSC (M&E Program 
protocols) 

 Spatial and temporal distributions of steelhead, spring-run and fall-run Chinook salmon in 
the Yuba River by the RMT (M&E Program). 

 
 

4.0 Study Goals and Objectives 
 
The goal of the study is to evaluate Chinook salmon and steelhead habitat as a function of flow 
in the Yuba River downstream of the Englebright Dam.   
 
The objectives of the study include: 1) estimate the habitat index versus flow relationships 
(Weighted Usable Area, or WUA) using hydraulic and habitat models for Chinook salmon and 
steelhead in the Yuba River downstream of Englebright Dam; and 2) use WUA versus flow 
relationships and the hydrologic record to develop a habitat duration analysis of fish habitat over 
time under the existing operational scenario (i.e., Yuba Accord flow schedules).  The model 
would be a useful tool in assessing alternative flow scenarios and their effect on habitat, but such 
runs would occur later in relicensing and are not part of this study. 

                                                 
5  M&E Program documents and work products are located at the River Management Team web site, www.yubaaccordrmt.com. 
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5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area includes the Yuba River from Englebright Dam to 
the Marysville gage.  The section of the river below the Marysville gage is not included in the 
study because backwatering effects from the Feather River prohibit reliable hydraulic modeling.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone USFWS, NMFS, SWRCB and CDFG to provide 
an opportunity for input regarding how to address the variance.  Licensee will issue an e-mail 
to the Relicensing Contact List advising them of the resolution of the variance.  Licensee will 
summarize in the final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee agrees to or is 
responsible in whole or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.6 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focused study (i.e., no effort in addition to the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 
 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 

their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, Didymosphenia geminate algae, and invasive invertebrates (e.g., zebra 
mussel, Dreissena polymorpha).  This is of primary importance when moving: 1) between 
tributaries and mainstem reaches; 2) moving between basins (e.g., Middle Yuba River, Yuba 
River, and North Yuba River); and 3) moving between isolated wetlands or ponds and river 
or stream environments. 

 
5.3 Study Methods7 
 
As currently conceived, the study would be performed in four steps, each of which is discussed 
below. 
 
5.3.1  Step 1 – Hold Workshops to Review Existing Information and RMT Model 
 
In the first step, YCWA will hold one or more workshops with interested Relicensing 
Participants to: 1) review existing information relevant to the development of WUA versus flow 
relationships for Chinook salmon and steelhead in the lower Yuba River; and 2) review the RMT 
SRH-2D model with the goal of coming to agreement on its usefulness as the hydraulic model 
for developing WUA.  During the workshops, YCWA will present details of the model, discuss 
its strengths and weaknesses relative to other hydraulic models (as utilized in previous instream 
flow studies), and identify if any additional data collection or model modifications are needed for 
use in the study.  
 
5.3.2  Step 2 – Agree on Target Species and Life Stages, and HSCs 
 
In the second step, YCWA will hold one or more workshops with interested Relicensing 
Participants to agree on: 1) target species and life stages; 2) life history periodicity for these 
species and life stages; and 3) appropriate HSCs for each target species and life stage.  At the 

                                                 
6 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
7  Model runs beyond those specifically identified in this study proposal are not part of this study proposal.  However, after the 

study is complete YCWA is willing to make a reasonable number of model runs as collaboratively agreed to between YCWA 
and Relicensing Participants 
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current time, YCWA believes the target species will be Chinook salmon and steelhead/rainbow 
trout, and that HSCs currently available (e.g., those recently agreed to for the Tuolumne River, or 
previously developed for the lower Yuba River) will be used.  Information , although existing 
being data being collected by the RMT may help to inform the HSCs. 
 
5.3.3  Step 3 – Make Model Runs  
 
In this step, YCWA would develop WUA versus flow relationships for the target species and life 
stages using the information developed in Steps 1 and 2.  Additionally, analysis of available 
habitat area under different flow conditions will be undertaken using the RMT derived DEM and 
2D models for shallow water preference life stages (juvenile salmonids).  The number of model 
runs will be that number necessary to accurately calculate WUA within the range of 
extrapolation.   
 
 
5.3.4 Step 4 – Collaborate Regarding New Study  
 
YCWA does not anticipate the need for any supplemental data collection for this study.  
However, if YCWA and Relicensing Participants collaboratively agree that additional data might 
be useful in relation to this study, YCWA will collaborate with Relicensing Participants to 
develop a new study plan and file it with FERC for consideration.  YCWA will perform the 
study approved by FERC. 
 
5.3.5 Step 4 5 – Prepare Study Report 
 
YCWA will prepare a report that includes the following sections: 1) Study Goals and Objectives; 
2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  
 Licensee will prepare a study report that will include both modeling procedures and habitat 
results.  Primary outputs will include, but are not limited to:   
 
 WUA versus flow tables and graphs (tables will include indicators of peak and 80% of WUA 

and graphs will include normalized percent of WUA) for different species and their life 
stages. 

 Habitat duration analyses of fish habitat over time under the existing operational scenario.  
 
LicenseeYCWA will consult with Relicensing Participants regarding the output tables and 
graphics to be included in the report.  
 

6.0 Study-Specific Consultation 
 
The following are specific areas for which the LicenseeYCWA will consult with the Relicensing 
Participants: 
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 LicenseeYCWA will consult with interested and available Relicensing Participants regarding 
hydraulic model calibration 

 
 LicenseeYCWA will consult with interested and available Relicensing Participants regarding 

selection of habitat suitability criteria for target species and life stages 
 

 LicenseeYCWA will consult with Relicensing Participants regarding the output tables and 
graphics to be included in the report 

 
  
 If YCWA and Relicensing Participants collaboratively agree that additional data mightwould 

be useful in relation to this study, YCWA will collaborate with Relicensing Participants to 
develop a new study plan and will file the new study plan with FERC for consideration.  
YCWA will perform the study approved by FERC. (Step 4.) 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows, assuming the FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency:    
 
Existing Information and Model Workshop (Step 1) ............................. October – November 2011 
Agreement on Target Species/Life Stages and HSC (Step 2) ............. November – December 2011 
Develop WUA verses Flow Relationships (Step 3) .......................................... January – June 2012 
Report Preparation (Step 4) .......................................................................... July - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
Instream flow studies conducted using 2D hydraulic models are common in California 
hydropower relicensings. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $200,000 
and $300,000. 
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Study 8.1 

RECREATION USE AND VISITOR SURVEYS 
AugustApril 2011 

 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has the potential to affect 
recreational resources. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that three agencies have jurisdiction over recreation in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, National Parks Service (NPS); and 3) California Department of Fish and Game (CDFG).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 2010) 
PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.   
 
NPS 
NPS’s jurisdiction and goals are described by the NPS in the NPS’s March 4, 2011 letter to 
FERC providing the NPS’s comments on YCWA’s PAD.  NPS’s jurisdiction and management 
goals are not repeated here. 
    
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Preliminary Information Package (YCWA 2009) includes aA description, in detail, of 
the existing Project recreation facilities and opportunities at the Project’s only storage reservoir, 
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New Bullards Bar Reservoir, and other Project facilities and features is provided in Attachment 
8.1A.  Of significance, Section 7.8.4 of the Preliminary Information PackagePre-Application 
Document (PAD) summarizes Project recreation use with data on total visitation; developed 
campground site occupancy (i.e., number of sites and percent of capacity); number of sites 
occupied at campgrounds; undeveloped shoreline camping permits; and an estimate of 
undeveloped recreation use at Our House and Log Cabin diversion dams.  In addition, Section 
7.8.3 of the Preliminary Information Packager PAD describes the recreation opportunities and 
facilities available in the North and Middle Yuba rivers upstream and downstream of the Project. 
 
National Forest System (NFS) land administered by the United States Department of Agriculture 
Forest Service (Forest Service), as the Plumas National Forest (PNF) and the Tahoe National 
Forest (TNF), exists within the existing Federal Energy Regulatory Commission (FERC) Project 
Boundary1 at New Bullards Bar Reservoir.  All Project developed recreation facilities at New 
Bullards Bar Reservoir are located on NFS lands except for the Emerald Cove Marina and 
associated Cottage Creek boat launch facility, which are located on land owned by YCWA. 
 
LicenseeYCWA has transferred ownership of all of the Project recreation facilities at New 
Bullards Bar Reservoir on NFS land to the Forest Service based on a 1968 agreement between 
LicenseeYCWA and the Forest Service.  Based on this agreement, the Forest Service is fully 
responsible for the operation and maintenance of all the Project recreation facilities, except the 
Emerald Cove Marina and associated Cottage Creek facilities, including the repair, renewal and 
replacement to the same standard of recreational facilities during the original Project license 
(USDA-FS 1968).  This 1968 agreement also allows the Forest Service to charge reasonable user 
fees at these facilities, which are deposited in the United States Treasury, and whenever the 
Forest Service declares that it is unable to perform its obligations of this agreement, then the 
Forest Service may use special use permits (SUP) to direct YCWA to take over operation and 
maintenance of any or all the recreation facilities (USDA-FS 1968).  The Forest Service has 
entered into a Special Use Permit with YCWA.  YCWA chose the Tahoe National Forest to 
maintain the facilities.  The Forest Service operates and maintains all recreation facilities on NFS 
land; however, LicenseeYCWA collects all recreation user fees (via concessionaire), which 
LicenseeYCWA uses to reimburse the Forest Service for operation and maintenance costs as 
outlined in the 2009 annual operating agreement and 1991 collection agreement with the Forest 
Service (USDA-FS 2009, USDA-FS 1991). 
 
Additional information collected within this study will be used to close the gaps in the existing 
information on what recreation users think about recreation opportunities, current use levels, and 
projected use for the term of the next license period on the Project. 
 

4.0 Study Goals and Objectives 
 
The goals of this Recreation Use and Visitor Survey Study are to 1) describe the preferences, 
attitudes, and characteristics of the Project’s recreation users; and 2) collect information about 
current project recreational use and activities, and future demand for recreation activities. 

                                                           
1  The FERC Project Boundary is the area that Licensee uses for normal Project operations and maintenance, and is shown on 

Exhibits J, K, and G of the current license. 
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The specific objectives for each goal are outlined below. 
 
Goal 1 - Describe the Preferences, Attitudes, and Characteristics of the Project’s Recreation 
Users 

 Objectives are to: 

 Describe recreation visitors and their trip characteristics, including seasonality and access 
routes, by project recreation area and type of user (i.e. anglers, boaters, campers, and 
mountain bikers, etc.). 

 Describe user preferences and expectations of different recreation facilities at Project 
recreation areas, and their tolerances for various conditions, including water surface 
elevation; level and quality of interpretation and information; and assessment of the 
condition of recreation facilities. 

 Identify recreation issues such as safety, conflicts, crowding, wait times at boat launch 
areas as applicable, and instances of wildlife/human interactions. 

 Describe users’ attitudes toward management actions that might be used to improve 
experiences or address problems at Project recreation areas.  

 Describe recreation visitors’ activities (i.e., including primary activity and all activities 
engaged in while visiting) at Project recreation areas and sites. 

 Describe Project recreation visitors’ socio-demographic characteristics. 

 Describe Project recreation visitors’ public access and potential barriers to participation 
in recreation activities. 

 Describe area residents’ recreation use in the Project Area. 
 
Goal 2 - Collect Information About Current Project Recreational Activities and Future Demand 
for Activities 

 Objectives are to: 

 Identify the amount, activity type, and spatial and temporal distribution of existing and 
desired recreation use within the Project, and, where reasonable and possible, describe 
historical recreation use trends within these areas. 

 Identify project-related recreation opportunities in the Project Vicinity2 that may have 
substantial unmet demand. 

 Identify potential constraints or barriers to recreation use, in particular those potentially 
related to existing Project operations or management. 

 Roughly estimating future demand within the Project through the estimated term of the 
new license (30 to 50 years). 

 Assess the regional uniqueness and relative significance of the Project’s primary 
recreation opportunities. 

 

                                                           
2   For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 

States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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Goal 3 – Collect Information on Condition of Project Facilities, Impacts, and Accessibility 
 Objectives are to: 

 Evaluate boat ramp usability based on the median reservoir level by water year type. 

 Evaluate accessibility at all developed facilities using FORSAG and ABAA. 

 Inventory resource impacts at developed recreation sites and recreation access areas 
referenced in Table 5.3.1-1). 

 Inventory trails and document impacts (erosion, user-created trails, etc.) within the 
Project Boundary. 

 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of this study, the study area encompasses the Project lands within area affected 
by the FERC Project.3; and the Project-affected river reaches, which includes Oregon Creek, 
Middle Yuba River downstream of Our House Diversion Dam, North Yuba River downstream of 
New Bullards Bar Dam; and the Yuba River downstream of the confluence of the North and 
Middle Yuba rivers to Englebright Reservoir.  Section 5.3 identifies the specific study sites for 
each study step.  Each of the Project recreation facilities are described in detail including site 
capacities and types of site elements at each facility in Attachment 8-1A.  Of note, YCWA has 
separated the Project recreational use into two distinct resource areas – 1) New Bullards Bar 
Reservoir; and 2) and the Project diversion dams (Log Cabin and Our House). 
 
At New Bullards Bar Reservoir, the study area includes the developed recreation facilities (i.e., 
campgrounds, day use areas, and boat launches); and, the undeveloped shoreline camping areas.  
In particular, New Bullards Bar Reservoir consists of two developed family campgrounds (66 
campsites), two boat-in campgrounds (30 campsites), one group campground (6 campsites), two 
day use areas (16 picnic units), and two boat launch facilities (5 launch lanes).  In addition, 
YCWA will survey any additional facilities/areas within any of the developed facilities in Table 
5.1-1 such as trailheads or picnic units. 
 
At the Project diversion dam sites, the study area includes the shoreline parking and access areas 
at Our House Diversion Dam and the area beyond the locked gate on the access road leading to 
Log Cabin Diversion Dam.  
 
Table 5.1-1.  Study areas for the Recreation Use and Visitor Survey Study. 

Resource Area Facility Type Recreation Site Capacity 

New Bullards Bar Reservoir Developed Camping 

Hornswoggle Group Campground 6 campsites 

Schoolhouse Campground 56 campsites 

Dark Day Campground 10 campsites 

Garden Point Boat-In Campground 20 campsites 

                                                           
3  The Federal Energy Regulatory Commission (FERC) Project Boundary is the area surrounding Project facilities and features 

as delineated in Exhibit J of the existing license, which area is required for Yuba County Water Agency’s normal operation 
and maintenance of the Project. 
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Madrone Cove Boat-In Campground 10 campsites 

Undeveloped Camping Undeveloped Shoreline Camping Area 44 campsites/permits 

Developed Day Use 

Dark Day Picnic Area 14 picnic sites 

Sunset Vista Overlook 2 picnic sites / 20 VAOT 

Dam Overlook 5 VAOT 

Moran Road Day Use 8 VAOT 

Developed Boat Launch 
Dark Day Boat Launch 114 VAOT 

Cottage Creek Boat Launch 56 VAOT 

Project Diversion Dams Undeveloped Day Use 
Log Cabin Diversion Dam4 n/a 

Our House Diversion Dam4 n/a 

 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 
moving between basins (e.g., Middle Yuba River, Yuba River, and North Yuba River); and 
3) moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study methods will consist of six steps.  These include: 1) an inventory and evaluation of the 
recreation facilities for condition, Americans with Disabilities Act (ADA) compliance, and use 
impacts; 2) identifying recreation uses and visitor attitudes, beliefs and preferences at Project 
recreation resource areas; 3) estimating the current recreation use at Project recreation resource 
areas; 4) identifying future use and demand opportunities; 5) a quality assurance/quality control 
(QA/QC) review of visitor and observation survey data; and 6) analyzing the data and preparing 
the report.  Each of the steps is described below. 
 
5.3.1 Step 1 –Evaluate the Existing Project Recreation Facilities, Roads, Trails, 

and Reservoir ShorelineStep 1A – Inventory and Evaluate the Existing 
Recreation Facilities for Condition, ADA Compliance and Use Impacts 

 
5.3.1.1 Step 1A – Inventory and Evaluate the Condition, ADA Compliance and Use 

Impacts at the Existing Project Recreation Facilities  
 
Licensee will inventory and evaluate the Project’s developed recreation facilities (above ground 
systems only5) listed in Table 5.1-1.  Specifically, this step will include four tasks: 1) a complete 
inventory of developed recreation facilities associated with the Project including campgrounds, 
boat launches, picnic areas, signs, and interpretive displays; 2) an assessment of the condition of 
each site elementcomponent (i.e., tables, fire rings, restrooms, parking areas, roads, water 
spigots, other structures, etc.) of the developed recreation facilities; 3) an assessment of whether 

                                                           
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
5  Licensee will only evaluate the above-ground facilities and systems at each of the sites listed in Table 5.1-1.  Below-ground 

facilities and systems such as water distribution and septic systems will be monitored as part of routine operation and 
maintenance; and repaired as needed. 
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each component element complies with current ADA accessibility guidelines; and 4) an 
assessment of the use impacts at each recreation facility.  Each of the tasks is described 
below.LicenseeYCWA will inventory all the Project recreation facilities and sites identified in 
Table 5.3.1-1.  In addition, Table 5.3.1-1 also identifies the specific types of evaluations that 
LicenseeYCWA will conduct at each facility/site (condition, ADA compliance, and/or use 
impact evaluations) as not all facilities will require each of these evaluations.  Note that the 
Project recreation facility roads (access roads and circulation roads) and below ground water 
systems will be evaluated using different methods as described in Section 5.3.1.2 (Step 1B) 
below.   
 
Table 5.3.1-1.  Study sites for the inventory and evaluation of the condition, ADA compliance, and 
use impacts. 

Resource Area Facility Type Recreation Facility 
Types of Evaluations 

Inventory Condition ADA Use Impact

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground X X X X 

Schoolhouse Campground X X X X 

Dark Day Campground X X X X 

Garden Point Boat-In Campground X X X X 

Madrone Cove Boat-In Campground X X X X 

Frenchie Point Boat-In Campground X X X X 

Cottage Creek Campground X X X X 

Cottage Creek Group Campground X X X X 

Burnt Bridge Campground1 X X X -- 

Day Use Areas 

Dark Day Picnic Area X X X X 

Sunset Vista Point X X X X 

Dam Overlook X X X X 

Moran Road Day Use X X X X 

Boat Launches 
Dark Day Boat Launch2 X X X X 

Cottage Creek Boat Launch and Marina X X X X 

 
Undeveloped 
Camping 

Undeveloped Shoreline Camping Areas X X -- X 

Diversion Dams 
Undeveloped Day 
Use Areas 

Log Cabin Diversion Dam4 X -- -- X 

Our House Diversion Dam4 X -- -- X 

1 Burnt Bridge Campground is not currently open to the public.  The facility has been closed since 1979, except for brief periods. 
2 The informal overflow parking area will not be evaluated for condition or ADA compliance since it is an informal facility. YCWA will evaluate 
the overflow for approx. size/capacity and use impact. 
3 YCWA will inventory/evaluate these road per the road assessment methods in the Primary Project Roads and Trails study (Study 9-1).  
4 These sites do not have any developed facilities so YCWA will not conduct condition or ADA compliance evaluations.  YCWA will evaluate 
the sites for approx. parking size/capacity at the informal parking areas and use impacts.  

 
 
5.3.1.1.1 Inventory Recreation Facilities 
 
LicenseeYCWA will inventory the number and type of recreation facilities at the Project 
recreation facilities listed in Table 5.3.1-1.  Photographs will be taken as appropriate as either a 
representative photograph of similar facilities or of each one-of-a-kind facility.  Facilities of 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Recreation Use & Visitor Survey RevisedProposed Study Plan April August 2011 
Page 8 of 30 ©2011, Yuba County Water Agency  

interest include picnic sites, campsites, restrooms, parking areas/spaces, boat launch ramps, boat 
docks, and recreation signs. 
 
All signs will be inventoried and each type of sign will be photographed and documented (e.g., 
type of sign, condition, text, location etc.).  The content of signage will be checked for clarity, 
consistency, and appropriate and understandable wording.  In addition (where applicable), 
LicenseeYCWA will note incidental information in the vicinity of the developed recreation 
facilities such as user-created roads and approximate trail lengths; user created sites; available 
parking, and the number of informal fire rings.  Representative photographs will be taken as 
appropriate.  LicenseeYCWA will use a basic inventory form (an example form is provided in 
Attachment 8.1A1B). 
 
5.3.1.1.2 Facility Condition Assessment 
 
LicenseeYCWA will conduct a qualitative assessment of the condition of developed recreation 
facilities and signs at each of the facilities listed identified  in Table 5.3.1-1.  The assessment 
categories are poor, fair, and good, and excellent condition.  Table 5.3.1-1 2 provides evaluation 
criteria that will be used by type of recreation facility feature.  LicenseeYCWA will provide the 
individual condition ratings for each site element within a facility as well as an overall facility 
rating as part of the study technical memorandum. 
 
Table 5.3.1-12.  Facility site condition evaluation categories and criteria. 

Variable (Site Element) 

Condition Evaluation Categories and Criteria 

0 1 -– Poor 
Needs Immediate 

Rehabilitation 

1 2 -– Fair 
Rehabilitation required 

within 5 years. 

2 3 -– Good 
No rehabilitation 

required within the next 
5-10 years. 

4 – Excellent 
Rehabilitation required 

beyond 10 years. 

Roads Vehicle Spurs & 
Parking 

(circulation and condition of 
surface paving on vehicle 
spurs and parking areas) 

All surfaces are in 
disrepair and need of 

immediate 
reconditioning or 

replacement.  Current 
conditions create safety 

hazards. 

Need for improved 
maintenance and repair 

in some areas.  No major 
safety concerns.  

All surfaces in excellent 
good condition and well 

maintained.  No 
rehabilitation required 
within the next 5-10 

years. 

New/recent surface 
paving. All surfaces in 
excellent condition and 

well maintained.  
Rehabilitation required 

beyond 10 years. 

Recreation Site 
AmenitiesElement 

(condition of vehicle spur, 
picnic tables, fire ring/grills, 

boat ramps, etc.) 

Facilities require 
immediate repair or 
replacement.  Little 
evidence of recent 

maintenance. 

Some facilities damaged 
or in need of 

replacement.  Could be 
accommodated through 

routine maintenance. 

Facilities generally in 
good condition and well 

maintained. 

Facilities in excellent 
condition (new or near 

new) and well 
maintained. 

Recreation Site Buildings 
(condition of restrooms, 

maintenance buildings, and 
other structures) 

Structures in disrepair 
requiring immediate 
attention.  Significant 
rehabilitation likely.  

Problems could include 
rot, leaks, and sagging 

roofs. 

Some structures need 
minor repairs, such as 

painting or replacement 
of roof/shingles.  Repairs 
should be made, but are 
not needed immediately. 

All structures appear in 
sound, well maintained 

condition.  No 
significant problems 

observed. 

New or near new 
structures.  All structures 

in sound, well 
maintained condition. 

Signs 
(presence/condition of 

project and recreation signs) 

Signs do not exist or 
require immediate repair 

or replacement. 

Some signs damaged or 
in need of replacement. 

Signs generally in good 
condition and well 

maintained. 

Signs in excellent 
condition (new or near 

new) and well 
maintained. 

 
 
Based on the rating of each variable/site component in the table aboveTable 5.3.1-2, an overall 
facility evaluation score will be calculated by summing the total of each of the site components 
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at each facility.  LicenseeYCWA will categorize the overall facility condition using the 
following rating scale, categories, and general rehabilitation timeframes in Table 5.3.1-3. 
 
 
Table 5.3.1-3.  Overall facility site condition evaluation ratings, categories, and general 
rehabilitation timeframes. 

Overall Condition Rating Score1 Overall Condition Category General Rehabilitation Timeframe1 
1 to 3 Poor Immediate 
4 to 6 Fair Within 5 Years 
7 to 10 Good 5 to 10 Years 

11 to 13 Excellent More than 10 Years 
1 These timeframes are not intended to be rigid, but rather guidelines.  The purpose of these general timeframes is to understand where the Project 
recreation facilities rank in terms of rehabilitation priorities.   
 Score = 8: Excellent condition 

 Score = 6 to 7: Good condition - requiring routine care/maintenance 

 Score = 3 to 5: Fair condition - may require some rehabilitation 

 Score = 0 to 2: Poor condition - requires immediate rehabilitation work or replacement 

 
In addition, photographic documentation of some facilities (e.g., picnic tables, fire rings) will 
illustrate a representative range of conditions at each site.  LicenseeYCWA will use a condition 
form to evaluate each facility, and an example form is provided in Attachment 8.1A 1B.  The 
LicenseeYCWA’s use impact form has been used on other relicensings and may be modified 
based on review of existing information and field reconnaissance.  
 
5.3.1.1.3 Accessibility Compliance Assessment 
 
LicenseeYCWA will assess the developed recreation facilities identified in Table 5.3.1-1 for 
their compliance with current accessible guidelines.  For facilities on National Forest System 
(NFS) land, YCWA will use the Forest Service Outdoor Recreation Accessibility Guidelines 
(FSORAG) for accessible design.  LicenseeYCWA will invite the Forest Service personnel to 
participate in field assessments of these facilities.  At the recreation facilities on NFS land (all 
project recreation facilities, except Cottage Creek Boat Launch), LicenseeYCWA will use the 
current FSORAG.  At facilities on LicenseeYCWA land, LicenseeYCWA At the Cottage Creek 
Boat Launch facility (the only facility not on NFS land), License will use the ADA and 
Architectural Barriers Act  Accessibility Guidelines (ABAAG) developed by the United States 
Access Board (USAB 2004).  Only three Project recreation facilities listed in Table 5.3.1-1 are 
located on YCWA land - Cottage Creek Boat Launch, Dam Overlook, and Madrone Cove Boat-
In Campground.  The remaining Project recreation facilities are located on NFS land. 
 
LicenseeYCWA will evaluate each facility against these standards and then utilize a  rating 
system that categorizes the level of accessibility at each facility.  LicenseeYCWA will use the 
following three ratings: inaccessible, partially accessible and fully accessible.  LicenseeYCWA 
will assign a rating using the evaluation criteria in Table 5.3.1-24. 
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Table 5.3.1-24.  Level of accessibility categories and rating system. 
Accessibility Categories 

0 – Inaccessible 1 – Partially Accessible 2 - Accessible 

Little or no consideration for handicap 
accessibility.  Clearly not in compliance with 

FSORAG/ ABAAG standards. 

Some handicap facilities, but in disrepair or 
not up to current FSORAG/ ABAAG 

standards (e.g., slopes too steep, docks 
inaccessible, etc.) 

High quality of accessibility.  Facilities 
appear fully consistent with current 

FSORAG/ ABAAG standards. 

 
 
An example of the ADA accessibility compliance checklist for outdoor recreation facilities is 
contained in Attachment 8.1A1B, including an example of schematic guides to support the 
evaluations.  These checklists will be modified to address the specific standards for each of 
applicable guidelines – FSORAG on NFS land or ABAAG on private/YCWA land – as needed.  
In addition, recreation facilities will be assessed for their ability to provide opportunities for 
persons with disabilities to participate in the Project’s primary recreation opportunities 
(including boating and camping).  Notably, this form has been used on other relicensings and 
will be modified based on review of existing information and the availability of forms used by 
the FSORAG and ABAAG. 
 
5.3.1.1.4 Assessment of Recreation Use Impacts 
 
LicenseeYCWA will also assess the recreation use impacts at each of the recreation facilities 
identified in(see Table 5.3.1-1).  The recreation use impact evaluation at each facility/reservoir is 
categorized as low, moderate, or high depending on the amount and dispersion of use impact 
signs (Table 5.3.1-5).  Signs of use impact typically include the presence of litter, dumping, tree 
cutting, inadequate vegetation clearances around fire pits/rings, visible OHV use/tracks, trampled 
vegetation, bare ground, compacted soils, erosion, human waste, toilet paper, etc. 
 
Table 5.3.1-35.  Recreation use impact categories and rating system. 

Use Impact Categories 

0 – Low 1 – Moderate 2 - High 
Few, if any signs of use impact are observed 

at each site 
Several signs of use impact but not extensive 

or widespread impacts 
Extensive signs of use impact; widespread 

use with many impacts evident 

 
 
In some instances, selecting a single impact category may not be practical, and as a result, the 
impact level may span two categories (e.g., low-to-moderate or moderate-to-high).  This broader 
categorization may be used when a site or facility has satellite areas where impact conditions 
vary significantly from the majority of the site/facility.   
 
The form used to evaluate the recreation use impact and the impact parameters (included in 
Attachment 8.1A1B) has been used on other relicensing projects (Whitaker and Shelby 2001).  
Indicators of fire hazards will also be collected as part of the impact evaluation.  As noted, 
LicenseeYCWA’s use impact form (as adapted) has been used on other relicensings (Whitaker 
and Shelby 2001) and may be modified based on review of existing information. 
 
5.3.1.2 Step 1B – Inventory and Evaluate the Condition of the Existing Recreation 

Facility Roads and Underground Water and Septic Systems 
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5.3.1.2.1 Recreation Facility Access and Circulation Roads 
 
YCWA will evaluate the Project recreation facility access roads and circulation roads as 
identified in Table 5.3.1-5.  Circulation roads are considered the roads within a recreation facility 
such as roads through a campground loop or to picnic sites within a picnic area.  YCWA will 
inventory and evaluate each of these roads according to the methods for primary Project roads in 
the Primary Project Roads and Trails Study (Study 9-1).  For this study step, five access roads 
have been indentified that provide exclusive access to Project recreation facilities (Table 5.3.1-
6).  YCWA will inventory and evaluate only the portions of the access roads on YCWA and NFS 
lands, which excludes the Yuba County portions of these access roads.  The facilities with 
circulation roads are also identified in Table 5.3.1-6.  Note that campsite vehicle spurs are not 
included in this evaluation (see Step 1A). 
 
Table 5.3.1-6.  Recreation facility access and circulation road evaluation study sites. 

Resource Area Recreation Facility Access Road Circulation Road 

New Bullards Bar 
Reservoir 

Hornswoggle Group Campground USFS Rd. 8.6 X 

Schoolhouse Campground USFS Rd. 8.5 X 

Dark Day Campground 

USFS Rd. 8.4 and 8.4.1 

X 

Dark Day Picnic Area X 

Dark Day Boat Launch X 

Cottage Creek Campground -- X 

Cottage Creek Group Campground -- X 

Burnt Bridge Campground1 -- X 

Sunset Vista Point USFS Rd. 8.9 -- 

 
 
5.3.1.2.2 Underground Water and Septic Systems 
 
YCWA will inventory and describe the water and septic systems at each of the Project recreation 
facilities listed in Table 5.3.1-7.  Specifically, YCWA will locate via GPS the key known above-
ground components and provide estimates of the location of below-ground components of the 
water and septic systems on a map or schematic.  
 
Table 5.3.1-7.  Recreation facility underground water and septic system study sites. 

Resource Area Facility Type Study Sites 

New Bullards Bar Reservoir 
Campgrounds 

Hornswoggle Group Campground 

Schoolhouse Campground 

Dark Day Campground 

Cottage Creek Campground 

Cottage Creek Group Campground 

Day Use Areas Dark Day Picnic Area 
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5.3.1.32 Step 1B 1C –Evaluate the Developed Project Recreational Trails Within the 
FERC Project Boundary for Erosion and Use Impacts 

 
LicenseeYCWA will evaluate the Project’s developed recreation trails.  LicenseeYCWA will 
study the following trails/trail segments located within the FERC Project Boundaryidentified in 
Table 5.3.1-8. 
 
Table 5.3.1-8.  Trail evaluation study sites at New Bullards Bar Reservoir. 

Resource Area Recreational Trail Length (mi) Start Location End Location 

New Bullards 
Bar Reservoir 

Bullards Bar Trail 14.0 Sunset Vista Point Old Camptonville Road 

Schoolhouse Trail 0.7 Schoolhouse Campground Bullards Bar Trail 

Seven Ball Trail 1.0 Paved road off Marysville Road Bullards Bar Trail 

Eight Ball Trail 3.8 Marysville Road 7 Ball Trail 

Rebel Ridge Trail 1.6 Marysville Road Bullards Bar Trail 

Camptonville Road Trail Unknown Bullards Bar Trail Old Camptonville Road 

 
 
This step will include identification of erosion, other natural conditions that impact the integrity 
and function of the trail, and recreation use impacts along the trails in Table 5.3.1-7.  
LicenseeYCWA will conduct field reconnaissance of the trails and identify locations where: 1) 
erosion is occurring within the trail boundary; 2) other conditions are impacting the integrity and 
function of the trail (e.g., downed trees, boulders, overgrown vegetation, etc.); and 3) recreation 
use impacts are observed.  Where any of these three conditions are observed, LicenseeYCWA 
will photograph the condition, map the location using a GPS device, and describe the condition. 
 
The recreation use impact evaluation on each trail will be categorized as low, moderate, or high 
depending on the amount and dispersion of use impact signs and will follow the methods 
outlined in Step 1A and include completing the use impact evaluation form included in 
Attachment 8.1B (see Table 5.3.1-3methods for use impact in Step 1A, Section 5.3.1.1.3 – 
Assessment of Recreation Use Impacts).  Signs of use impact typically include the presence of 
litter, dumping, tree cutting, inadequate vegetation clearances around fire pits/rings, visible OHV 
use/tracks, trampled vegetation, bare ground, compacted soils, erosion, human waste, toilet 
paper, etc.  LicenseeYCWA’s evaluation of the recreation use impacts. will follow the methods 
outlined in Section 5.3.1.4 and include completing the evaluation form (Attachment 8.1A). 
 
5.3.1.43 Step 1C 1D –Inventory and Evaluate the Use Impacts at Recurrent Dispersed 

Shoreline Recreation Use Locations Along New Bullards Bar Reservoir Shoreline  
 
LicenseeYCWA will inventory and evaluate the recurrent dispersed recreation use locations 
along the New Bullards Bar Reservoir shoreline within the FERC Project Boundary and outside 
of the Project developed recreation facilities and sites in Table 5.1-1.  Specifically, this step 
includes identifying recurrent dispersed recreation use locations; and assessing the use impacts at 
the location. 
 
LicenseeYCWA will conduct a single field survey of the New Bullards Bar Reservoir shoreline 
by boat to identify locations that show signs of recurrent dispersed shoreline recreation use.  
LicenseeYCWA will conduct the survey when the water level drops to a level where the 
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shoreline camping is available and functional (at least 15 ft below normal maximum water 
surface elevation).  When LicenseeYCWA observes such a location, LicenseeYCWA will 
conduct a land-based evaluation of the recreation use impacts at the location as outlined in 
Section 5.3.1.4Step 1A (Section 5.3.1.1.3 - Assessment of Recreation Use Impacts) above, 
including completing the evaluation form (Attachment 8.1A1B).  At each location, 
LicenseeYCWA will photograph and map the location with a GPS device.  LicenseeYCWA will 
also identify any user-created trails adjacent to the identified recurrent recreation use sites. 
 
5.3.24 Step 2 – Identify Recreation Uses and Visitor Attitudes, Beliefs, and 

Preferences at Project Recreation Resource Areas 
 
LicenseeYCWA will conduct observations and visitor surveys to gather information to address 
the study goals, objectives, and issues at each of the facilities/study sites listed in Table 5.3.21-1. 
 
Regarding the Oregon Creek Day Use Area study site located on Oregon Creek at the confluence 
with the Middle Yuba River on NFS land, YCWA will conduct the same recreation use and 
visitor preference data using the observation and visitor surveys and methods detailed below.  
YCWA does not consider this site/facility to be a Project recreation facility as it is outside the 
FERC Project Boundary on a Project-affected river reach; however, YCWA, at the request of the 
Forest Service, has agreed to collect the recreation use and visitor preference data at this site.  
The results from this data collection will be provided as a supplement to the technical 
memorandum for this study. 
 
Table 5.3.2-1.  Study areas and sites for visitor and observation surveys.  

Resource Area Facility Type Study Sites Study Sub-Sites 

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground Campsites 

Schoolhouse Campground Campsites 

Dark Day Campground Campsites 

Cottage Creek Campground Campsites 

Cottage Creek Group Campground Campsites 

Garden Point Boat-In Campground Boat Launch Parking Areas1 

Madrone Cove Boat-In Campground Boat Launch Parking Areas1 

Frenchie Point Boat-In Campground Boat Launch Parking Areas1 

Shoreline Camping Undeveloped Shoreline Camping Boat Launch Parking Areas1 

Day Use Areas 

Dark Day Picnic Area 
Picnic sites 

Parking Area 

Sunset Vista Point 
Picnic sites 

Parking Area 

Dam Overlook Parking Area 

Moran Road Day Use 

Parking Area 

Boat Ramp 

Shoreline 

Trailheads 

Bullards Bar Trailheads 

Sunset Vista Point 

Dark Day Picnic Area 

Old Camptonville Road 

Schoolhouse Trailheads Schoolhouse Campground 

Seven Ball Trailhead Paved road off Marysville Road (1.5 mi. from Hwy 49) 

Eight Ball Trailhead 

Schoolhouse Campground 

Dark Day entrance road 

7 Ball Trail junction 

Marysville Road 
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Rebel Ridge Trailhead Marysville Road (0.5 mi. from Highway 49) 

Camptonville Road Trailhead Old Camptonville Road (0.5 mi. from Marysville Road) 

Boat Launches 

Dark Day Boat Launch 

Parking Area (upper and lower) 

Boat Ramp 

Overflow Parking Area 

Cottage Creek Boat Launch 
Parking Area 

Boat Ramp 

Project 
Diversion Dams 

Undeveloped Day 
Use Areas 

Log Cabin Diversion Dam2 
Informal Parking Areas 

Shoreline 

Our House Diversion Dam2 
Informal Parking Areas 

Shoreline 

Oregon Creek 
(non-project) 

Developed Day Use 
Area 

Oregon Creek Day Use Area3 
Picnic Areas (north and south) 

Parking Areas (north and south) 
1   YCWA will place mail-back windshield surveys at both boat launch facilities at the boat-in campgrounds to survey the visitors who use the 

boat-in campgrounds. In addition, YCWA will conduct limited on-site surveys at the boat-in campgrounds during the peak season. 
2   YCWA’s surveyors will travel to the actual diversion dams and adjacent shoreline to conduct visitor and observation surveys. 
3  YCWA does not consider this site/facility to be a Project recreation facility as it is outside the FERC Project Boundary on a Project-affected 

river reach; however, YCWA, at the request of the Forest Service, has agreed to collect the recreation use and visitor preference data at this 
site. 

 
5.3.2.1 Observation Survey 
 
During observation surveys, the LicenseeYCWA surveyor will count and record the time, date, 
location, number of vehicles, vehicles with trailers and the type of trailer, vehicles with racks for 
boats, trailers, boats, people, day groups, overnight groups, and the types of recreation activities. 
The surveyor will also record the percent occupancy by location.  Observations will be made, 
and recorded by site and area to include parking outside provided parking areas. This data will be 
used to identify the types of recreation activities visitors participate in at the Project.  In addition, 
this data will also be used to calculate aspects of the Project recreation use estimate (Step 3 in 
Section 5.3.5).  Once the counts are completed, the surveyor will also administer an on-site 
recreation visitor questionnaire survey to randomly selected recreation visitors (Section 5.3.4.5). 
 
5.3.2.2 Visitor Survey 
 
The visitor survey will collect visitor perceptions, attitudes, and satisfaction levels on current 
resource conditions (i.e. users’ feelings towards current water or use levels), visitors’ zip codes, 
user characteristics, recreational activities, recreation facility development, management 
concerns, and overall recreational experiences.  Non-response bias will also collected during 
visitor survey collection, whereby LicenseeYCWA’s surveyor will collect the following 
information from visitors who refuse to complete the survey – reason, observed activity, gender 
and age (if possible).  For all survey efforts, the number of refusals will be recorded.  The visitor 
survey at the land-based Project recreation facilities will be administered as an on-site survey or 
a mail-back windshield survey.  In addition, LicenseeYCWA will administer visitor surveys to 
houseboat users on New Bullards Bar Reservoir with a direct-mail survey to houseboat owners 
and separately to visitors who rented houseboats from the marina. 
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5.3.2.2.1 Types of Visitor Surveys 
 
On-Site Visitor Survey 
 
The on-site visitor survey will be administered at all sites where recreation visitors are readily 
visible and willing to participate at the Project diversion dam sites and New Bullards Bar 
Reservoir (e.g., campgrounds, picnic areas, boat launches, and trailheads).  When visitors are not 
readily visible, LicenseeYCWA will contact visitors via a windshield survey where vehicles are 
parked and visitors cannot be located, typically at boat launch facilities, trailheads at New 
Bullards Bar Reservoir; and shoreline access areas and locked gates such as at the diversion 
dams. 
 
For the on-site survey, only members of a group who are 18 years or older will be asked to 
complete a survey.  Recreation researchers will train surveyors on random selection techniques 
for choosing groups at a site and participants within groups, introduction strategies, recording, 
and tracking refusals.  A target number of users to be surveyed during each period will be 
established based on target survey completions for the entire recreation season for each 
recreation area. 
 
Mail-Back Windshield Visitor Survey 
 
The mail-back windshield visitor survey will be administered at recreation sites where recreation 
visitors are not present, but their vehicles are.  In these cases, a mail-back version of the visitor 
survey will be left on vehicle windshields with self-addressed envelopes and postage for 
convenient response and return.  A survey packet of information will be left on the windshield 
and will include the survey, a self-addressed stamped envelope, and a cover letter which explains 
the purpose of the survey.  LicenseeYCWA will number each survey in order to track both on-
site response and windshield response rates. 
 
LicenseeYCWA anticipates utilizing mail-back surveys at boat launch areas and trailheads.  In 
addition, LicenseeYCWA will utilize mail-back surveys at the boat launches to survey visitors 
using the boat-in campgrounds.  In addition, YCWA will also conduct on-site surveys (boat to 
the campgrounds) two days per month (one weekday and one weekend day in June, July, and 
August (refer to Sampling Frequency section below for exact frequency).  LicenseeYCWA will 
carefully monitor the response rate from the boat-in campgrounds to determine if additional 
efforts need to be made at the boat-in campgrounds (e.g., conduct on-site surveys) to meet the 
survey targets. 
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Direct Mail Houseboat Owners and Renters Survey  
 
Houseboat Owners.  A visitor survey will be sent to all houseboat owners based within the 
Project.  Names and addresses for houseboat owners will be obtained by LicenseeYCWA in 
cooperation with the concessionaire.  Completed mail surveys will provide information on user 
characteristics, recreational activities, Project visitation, concerns, and overall recreational 
experiences. (See Attachment 8.1-D).  Surveys will be mailed at various times to ensure a cross 
section of visits by houseboat owners throughout the peak season. The total population of 
houseboat owners will be randomly divided and twenty-five percent will be sent a survey during 
June, July, August, and September.Surveys will be sent through the mail before Labor Day 
Weekend in 2012. 
 
Houseboat Renters.  Direct Mail Houseboat Renters SurveyA visitor survey will be sent to 
houseboat renters who agree to complete a survey after their rental experience at the Project.  
Names and addresses for houseboat owners renters will be obtained by LicenseeYCWA in 
cooperation with the concessionaire at Emerald Cove Marina.  Completed mail surveys will 
provide information on user characteristics, recreational activities, Project visitation, concerns, 
and overall recreational experiences.  Surveys will be sent through the mail each week, 
depending upon the date of rental and the number of renters who agreed to participate in the 
survey6. 
 
Both direct mail house boat surveys will be conducted in accordance with standard mail survey 
methodology (Dillman 1978), which includes the use of a mail survey packet.  This packet will 
include a self-addressed, stamped envelope; instructions and cover letter; and mail survey form.  
A letter will be sent on behalf of LicenseeYCWA introducing the survey effort to each houseboat 
owner/renter.  Approximately one week following the letter of introduction, the mail survey 
packet will be sent.  Each survey will be numbered for tracking purposes.  If LicenseeYCWA 
does not receive the survey back from the houseboat owner/renter within one week, then 
LicenseeYCWA will send a reminder follow-up postcard approximately one week after the first 
mailing; and a second letter and survey three weeks after the first mailing depending on 
response.   
 
5.3.2.2.2 Visitor Survey Development  
 
The visitor survey will address the study objectives identified in Section 4.0.  Survey topics will 
address items such as visitors’ perceptions of the following:  
 
 existing and desired recreation facilities 
 reservoir water levels on experience 
 satisfaction with shoreline access and opportunities 
 comparison of project recreation resource area to other regional recreation resource areas that 

provide similar recreation opportunities 
 personal safety 
 crowding 
                                                           
6 One survey for both houseboat owners and renters will be utilized, only the distribution will vary, as noted above. 
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 conflict 
 visitor’s actual and desired primary destination and activities 
 actual and desired activities 
 constraints or barriers to participation that are potentially within LicenseeYCWA’s or 

agencies control (e.g. lawlessness, trail conditions, campfire use, private property conflict 
and trespass, parking access and fees) 

 ways to enhance their recreation experience 
 
The draft of the survey instrument is provided in Attachment 8.1B 1C at the end of the study 
plan.  The survey content will be refined in consultation with Relicensing Participants based on 
project-related issues identified in the PAD and FERC’s Project’s Scoping Document.  Prior to 
survey implementation, the survey instrument will be pre-tested in the field with recreation users, 
and, refined for clarity, if necessary.  The pre-test will include a total of  10 to 15 completed 
surveys, with the intent to receive feedback on readability, length, and general understanding of 
survey content.  If necessary, minor changes to the survey instrument may be made to make the 
survey easier to complete and/or understand. 
 
5.3.2.2.3 Field Reconnaissance, Logistics and Preparation 
 
This task will involve logistical preparation for existing use data collection, including: 
developing draft data forms and associated databases; developing field work logistics and 
protocols; field crew training; selection of sampling dates; pre-testing field logistics and 
protocols, and revising schedules, logistics, or protocols based on preliminary findings. 
 
5.3.2.3 Sampling Approach and Data Collection 
 
5.3.2.3.1 Target Number of Visitor Surveys 
 
YCWA is targeting two distinct survey populations (day users and overnight users) that make up 
the overall Project recreation use.  YCWA is basing the target number of visitor surveys on these 
two survey populations which stems from the 2009 recreation use data.  Overall, in 2009, the 
total Project recreation use was 128,191 Recreation Days (RDs).  When comparing day use 
versus overnight use, day use accounted for 57 percent or 71,108 RDs of the total Project use; 
and overnight use accounted for 43 percent or 54,083 RDs.  The target population that Licensee 
will focus on is based on the overall Project recreation use estimate for 2008, which was 104,194 
Recreation Days and day use accounting for 51 percent of total use (YCWA 2009).  Thus, the 
total survey sample size for the Project will be at least 383 surveys, which was calculated Uusing 
a 95 percent confidence interval with a sampling error no more than +/-5 percent, YCWA’s 
target number of surveys for each sample population is 381 surveys (762 total surveys) (Salant 
and Dillman 1994, pp. 55-56).  Since it is not apparent how varied the Project sample population 
is in its response to various questions, LicenseeYCWA will use a more conservative sampling 
approach that utilizes a “50/50 split,” which means the sample population is relatively varied.  A 
result of this “50/50 split” approach means LicenseeYCWA will have a higher survey sample 
size than if it was apparent that the sample population was less varied (i.e. an “80/20” split 
whereby most people have a certain characteristic and a few do not).  Thus, since the “split” is 
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not known ahead of time, the best approach is to be conservative and use the “50/50 split” 
(Salant and Dillman 1994, pp. 55-56). 
 
To determine the target number of surveys for each study site, YCWA first divided the facilities 
into overnight and day use facilities  in the same manner that the 2009 recreation use data was 
collected.  Thus, all of the campgrounds and shoreline camping areas were considered overnight 
facilities and the remaining facilities were considered day use facilities (boat launches, day use 
areas, and trails/trailheads.  Thus, for the day use and overnight facilities, the target number for 
each study site (facility) was calculated by multiplying the percentage of day use or overnight 
use by the total target surveys for each sample population (381 surveys).  Since some of the 
study sites did not have recreation use data specific to that site, YCWA made reasonable 
judgments about the target number of surveys.  Of note, the minimum number of target surveys 
for any site was 10 surveys.  Licensee will aim to get a minimum of 435 target surveys for the 
Project.  To provide an approximate target number of surveys for each recreation site, Licensee 
first considered the split between day use (51%) and overnight use (49%) at the Project (YCWA 
2009), and allocated that same percentage of target surveys for the day use facilities (212 
surveys) and overnight/camping facilities and areas (203 surveys).  Second, since Licensee does 
not have site-specific use data for all of the recreation facilities, Licensee used the site capacities 
in people-at-one-time (PAOT) at the recreation sites, except for the boat launches, where 
Licensee used the vehicle-at-one-time (VAOT).  Table 5.3.2-1 2 displays the target number of 
surveys for each recreation study site. 
 
Table 5.3.2-12.  Target number of visitor surveys at New Bullards Bar Reservoir by recreation 
sitefor each study site. 

Resource Area Resource Type Study Site Open Season 
Target Number of 

Surveys 

New Bullards 
Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground Apr 15–Oct 15 66 

Schoolhouse Campground Apr 15–Oct 15 165 

Dark Day Campground Apr 15–Oct 15 35 

Cottage Creek Campground Apr 15–Oct 15 10 

Cottage Creek Group Campground Apr 15–Oct 15 10 

Garden Point Boat-In Campground1 Apr 15–Oct 15 40 

Madrone Cove Boat-In Campground1 Apr 15–Oct 15 15 

Frenchie Point Boat-In Campground1 Apr 15–Oct 15 10 

Shoreline Camping Undeveloped Shoreline Camping Areas1,2 Apr 15–Oct 15 30 

Day Use Areas 

Dark Day Picnic Area Apr 15–Oct 15 20 

Sunset Vista Point Year-round 10 

Dam Overlook Year-round 10 

Moran Road Day Use Year-round 10 

Trailheads4 

Bullards Bar Trailheads Year-round 

35 

Schoolhouse Trailhead Year-round 

Seven Ball Trailhead Year-round 

Eight Ball Trailheads Year-round 

Rebel Ridge Trailhead Year-round 

Camptonville Road Trailhead Year-round 

Boat Launches Dark Day Boat Launch Year-round 106 
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Cottage Creek Boat Launch Year-round 130 

Project 
Diversion Dams 

Undeveloped Day Use 
Areas 

Log Cabin Diversion Dam3 Year-round 15 

Our House Diversion Dam3 Year-round 25 

Table 5.3.2-2.  (continued) 

Resource Area Resource Type Study Site Open Season 
Target Number of 

Surveys 

Oregon Creek 
(non-project) 

Developed Day Use Area Oregon Creek Day Use Area Year-round 25 

1 YCWA will place mail-back windshield surveys at both boat launch facilities to survey the visitors who use the boat-in campgrounds and 
shoreline campsites.  In addition, YCWA will conduct limited on-site surveys at the boat-in campgrounds during the peak season. 

2 The undeveloped shoreline camping use is dependent upon the water level, which makes estimating a user population difficult since water 
levels vary from year to year.  Thus, YCWA will do its best to attain this survey target. 

3 YCWA’s surveyors will travel to the actual diversion dams and adjacent shoreline to conduct visitor and observation surveys. 
4 YCWA will visit each of the trailheads identified in the "Study Sub-Sites" column in Table 5.3.2-1. 

 
Resource Area Resource Type Study Site 

Target Number of 
Visitor Surveys 

New Bullards Bar Reservoir 

Campgrounds 

Hornswoggle Group Campground 25 

Schoolhouse Campground 65 

Dark Day Campground 15 

Cottage Creek Campground 10 

Cottage Creek Group Campground 10 

Garden Point Boat-In Campground1 15 

Madrone Cove Boat-In Campground1 15 

Frenchie Point Boat-In Campground1 

Shoreline Camping Shoreline Campsites1,2 30 

Day Use Areas 

Dark Day Picnic Area 35 

Sunset Vista Point 10 

Dam Overlook 10 

Moran Road Day Use 10 

Trailheads3 

Bullards Bar Trailheads 

40 

Schoolhouse Trailhead 

Seven Ball Trailhead 

Eight Ball Trailheads 

Rebel Ridge Trailhead 

Camptonville Road Trailhead 

Boat Launches 
Dark Day Boat Launch 90 

Cottage Creek Boat Launch 35 

Project Diversion Dams Undeveloped Day Use Areas 
Log Cabin Diversion Dam4 10 

Our House Diversion Dam4 10 

Resource Area Facility Type Recreation Site 
Estimated Target 

No. of Surveys 

New Bullards Bar Reservoir 
 

Developed Camping Hornswoggle Campground 30 

Schoolhouse Campground 70 

Dark Day Campground 15 

Garden Point Boat-In Campground1 20 

Madrone Cove Boat-In Campground1 15 

Undeveloped Camping Undeveloped Shoreline Camping Area2 45 

Day Use Dark Day Picnic Area 40 

Sunset Vista Overlook 10 

Dam Overlook 10 

Moran Road Day Use 10 

Boat Launch Dark Day Boat Launch 95 
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Emerald Cove Marina Boat Launch 35 

Trailheads Bullards Bar Trail at Sunset Vista Point 10 

 
Schoolhouse Trail at Schoolhouse 
Campground 

10 

Project Diversion Dams Undeveloped Day Use Log Cabin Diversion Dam 
20 

Our House Diversion Dam 

 
YCWA will make every attempt to secure the target number of surveys identified by site or 
groupings of sites.  However, even after following survey protocol, there may be sites where the 
target cannot be met.   YCWA will continuously monitor the survey returns, and if survey targets 
are not being met at survey sites, YCWA will re-evaluate the sampling frequency to determine if 
additional efforts should be made at these survey sites.  Also, for all survey sites, YCWA will 
continue the survey effort throughout the established seasons, even if the target survey numbers 
have been met, and will make every effort to achieve the survey target goals. 
 
5.3.2.3.2 Sampling Frequency 
 
The sampling frequency will be divided into two categories – peak, off-peak, and low seasons.  
The peak season for all recreation use and activities on the Project is from Memorial Day 
through Labor Day.  The off-peakshoulder season is from April 15 to Memorial Day, and from 
Labor Day through October 15.  The low season extends from October 16 through April 14.  The 
Project campgrounds and Dark Day Picnic Area are closed from October 16 through April 14.  
The boat launches remain open the remainder of the year outside the peak season -- January 1 up 
to Memorial Day; and after Labor Day weekend through December. 
 
The monthly sampling frequency for the peak season will be:  
 
 two randomly selected weekday days per month (separated by at least one week) 

 two randomly selected weekend days (Saturday and Sunday) per month (non-consecutive) 

 In July, one of the weekend survey days will be July 7 

 one pre-selected holiday day (Saturday or Sunday) for each three-day holiday weekend or (3 
holiday days total) (Memorial Day, Independence Day and Labor Day holiday weekends) 
 If the Memorial Day holiday survey day is lost due to poor weather conditions, then 

YCWA will make up the holiday day by adding one day to the Labor Day holiday 
weekend (Saturday or Sunday). 

 For the Independence Day holiday, July 1 (Sunday) will be the holiday survey day 
 
The monthly sampling frequency for the off-peakshoulder and low seasons will be:  
 
 two randomly selected weekday days per month (separated by at least one week) 

 two randomly selected weekend days (including a Saturday and Sunday) per month (non-
consecutive) 

 one survey day (Sunday) during the Columbus Day holiday weekend 
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For the boat-in campgrounds, YCWA will conduct on-site surveys (boat to the campgrounds) 
twice per month (one weekday and one weekend day) during the peak season in June, July, and 
August.  YCWA will visit the boat-in campgrounds in the morning (before 10:00 a.m.).  For 
these months, the monthly sampling frequency will be:  
 
 one randomly selected weekday per month to include one day each on a Tuesday, 

Wednesday, and Thursday 

 one randomly selected weekend day per month (alternating between Saturday and Sunday) 
 
LicenseeYCWA will conduct up to two selected days of preliminary testing to clarify any 
problems/confusion with the survey instrument and/or process.  Holiday survey days will not be 
done during the off-peak season. 
 
To identify recreation visitor’s attitudes, beliefs, and preferences at project recreation resource 
areas, LicenseeYCWA will conduct a roving use survey using a stratified two-stage (geographic 
and temporal) probability sampling approach (Mavestuto, 1996; Pollock et al. 1996). 
 
During the survey, the LicenseeYCWA’s surveyor will conduct a recreation observation survey 
(see Section 5.3.4.4) and a visitor survey (see Section 5.3.4.5) at all the recreation facilities 
identified in Table 5.1-1 (Study Area).  The survey sample will be stratified by recreation area, 
type of day (weekdays, non-holiday weekends, and holiday weekends), and time of day.   
 
5.3.2.3.3 Timing of Sampling  
 
LicenseeYCWA’s surveyors will vary the times each survey site is visited to ensure a range of 
visitation times and potential user groups over the course of the survey period.  To ensure the 
LicenseeYCWA’s surveyors visit the facilities/sites at different times, the surveyors will visit 
each facility following the same circuit or route, but will start at a the next facility on the circuit 
for each successive survey day.  Table 5.3.2.3-3 provides general guidelines for visiting types of 
facilities by season. 
 
Table 5.3.2.3-3.  General guidelines for timing of sampling by facility type and season. 

Facility Type Peak Season Shoulder Season Low Season 
Boat Launches 8:00 a.m. – 1100 a.m. 9:00 a.m. – 11:00 a.m. 9:00 a.m. – 12:00 p.m. 
Campgrounds 11:00 a.m. – 7:00 p.m. 11:00 a.m. – 5:00 p.m. Facilities closed 

Boat-In Campgrounds 8:00 a.m. – 10:00 a.m. 8:00 a.m. – 10:00 a.m. Facilities closed 
Day Use Areas 11:00 a.m. – 5:00 p.m. 11:00 a.m. – 5:00 p.m. 9:00 a.m. – 12:00 p.m. 

Trailheads 11:00 a.m. – 5:00 p.m. 11:00 a.m. – 5:00 p.m. 9:00 a.m. – 12:00 p.m. 

 
 
5.3.2.4 Resident Focus Group 
 
The purpose of the focus group is to describe area residents and their recreation use in the Project 
Area; and identify future demand and/or potential unmet demand at the Project.  More 
specifically, the focus group will include, but not be limited to, the following topics:  types of 
recreation use and seasonality of residents; how residents access the Project recreation resources; 
and what if any barriers or constraints to access exist for residents; and potential recreation 
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activities or facilities that are not currently available at the Project.  An example of the focus 
group topics and questions are provided in Attachment 8.1E. 
 
5.3.2.4.1 Focus Group Meetings and Participant Selection 
 
LicenseeYCWA will conduct up to fourtwo focus group meetings -- including up to two focus 
group meetings each with the Camptonville and the Oregon House/Dobbins communities.  If 
YCWA and Relicensing Participants collaboratively agree to hold additional focus groups 
(beyond two meetings for each community), then YCWA will identify the number of additional 
meetings to be held.  Each focus group meeting will have no more than 10 participants.  
LicenseeYCWA will consult with Relicensing Participants to develop an initial list of potential 
focus group participants.  LicenseeYCWA’s researchers will make a good faith effort to reach 
identified individuals to attend the focus group meetings.   
 
5.3.2.4.2 Focus Group Meeting Process 
 
Focus groups and interviews will be semi-structured, with specific topic areas and questions 
developed for residents.  Initial questions will focus on how people use the recreation facilities in 
the Project and reservoir.  The goal is to describe the character of resident demand and identify 
recreation use of the Project. 
 
Focus groups will ideally range in size from five to ten study participants, and one or two 
facilitators. The researcher/discussion-leader will pose open-ended questions to guide discussion, 
but will draw out participants with follow-up questions as needed.  The focus groups would 
ideally be scheduled after researchers have conducted fieldwork to increase opportunities for 
shared understanding about the places and issues under discussion. 
 
As with any research methodology, interviews/focus groups have strengths and weaknesses.  
They are most useful for describing consensus opinion of homogenous groups, and they allow 
participants to “brainstorm” collectively to improve the number or accuracy of ideas.  However, 
generalizing from small groups is more challenging, particularly if there is diversity within a 
group.  The extent of agreement within groups is one input into decisions about whether 
recreation opportunities and meeting recreation demands in the future. 
 
5.3.35 Step 3 – Estimate Current Recreation Use at Project Recreation Resource 

Areas 
 
LicenseeYCWA will accomplish Step 3 in two parts.  First, for each recreation site, 
LicenseeYCWA will calculate the average existing use levels for several recreation parameters 
(e.g., people, vehicles, overnight groups, facility occupancy) by day type (e.g., weekend, 
weekday, holiday), and by time of day (e.g., morning, afternoon) during the survey recreation 
season.  In addition for each Project recreation site or group of sites, LicenseeYCWA will 
calculate the frequency distribution of observed recreation activities during the surveyed 
recreation season.   
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Second, LicenseeYCWA will estimate the existing annual day and overnight visits to the Project 
recreation areas in Recreation Days (RDs) by utilizing combination of use data sources that 
includes LicenseeYCWA’s concessionaire records and observation surveys.  LicenseeYCWA’s 
concessionaire records consists of the number of campsites reserved/occupied at each of the 
developed campgrounds.  The observation survey methods are described in Section 5.3.4.  Of 
note, a Recreation Day, as defined by FERC, equals a visit to an area for recreation purposes for 
any portion of a 24-hour period. 
 
LicenseeYCWA’s approach for estimating use is described below by resource area - New 
Bullards Bar Reservoir and the Project diversion dam. 
 
5.3.35.1 New Bullards Bar Reservoir 
 
To estimate the complete recreation use at New Bullards Bar Reservoir, LicenseeYCWA will 
estimate the use via four distinct types of use areas: 1) developed campgrounds, 2) undeveloped 
shoreline camping areas, 3), day use facilities (boat launches, picnic areas and trailheads) and 4) 
reservoir houseboating.  LicenseeYCWA will combine each of the use estimates to get a total 
recreation use estimate for New Bullards Bar Reservoir.  LicenseeYCWA will utilize the 
following types of use data at each use area. 
 
5.3.3.1.1 Developed Campground Use 
 
LicenseeYCWA will use the concessionaire records for the developed campgrounds, which 
provides the number of sites occupied by day type.  LicenseeYCWA will then multiply the 
number of sites occupied by the average group size from the visitor survey results at the 
respective developed campgrounds (Section 5.3.4.5). 
 
5.3.3.1.2 Undeveloped Shoreline Camping Use 
 
LicenseeYCWA will use the concessionaire records for the number of permits given for this type 
of overnight use.  LicenseeYCWA will then multiply the number of permits by the average 
group size from the visitor survey results at the undeveloped shoreline camping areas (Section 
5.3.4.5). 
 
5.3.3.1.3 Day Use Facility Use (Boat Launch, Picnic Areas and Trailheads) 
 
LicenseeYCWA will use the observation survey data at the boat launch and day use facilities.  
LicenseeYCWA will multiply the average number of vehicles observed (by day type) from the 
observation surveys by the average group size from the visitor survey results at the respective 
boat launch and day use facilities (Section 5.3.4.5).  Finally, LicenseeYCWA will avoid double 
counting visitors who also stayed at the overnight facilities/areas by multiplying the average 
number of visitors by the percentage of day use visitors surveyed at the respective facility. 
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5.3.3.1.4 Reservoir Houseboating Use 
 
LicenseeYCWA will calculate the level of houseboat use in two parts – rental and permanent 
houseboat use.  For the rental houseboat use, LicenseeYCWA will use the concessionaire records 
for the number of rental houseboats by day type; and then multiply by the average group size 
from the rental houseboat visitor survey results (Section 5.3.4.5). 
 
For the permanent houseboat use, LicenseeYCWA will use the concessionaire records for the 
total number of permitted houseboats in 2012; and multiply by 1) the average group size and 2) 
average number of days the houseboat was used from the permanent houseboat visitor survey 
results (Section 5.3.4.5).  Of note, the permanent houseboat use will be a annual total and will 
not be divided by day type since daily data is not readily available for this type of user. 
 
5.3.53.2 Project Diversion Dams 
 
At both Log Cabin and Our House diversion dams, LicenseeYCWA will use observation surveys 
(Section 5.3.4.4) to record the number of vehicles parked at the two sites; and then multiply by 
the average group size from the visitor survey results (Section 5.3.4.5) at each diversion dam.  
The calculated use at both diversion dam sites will be combined to develop a total undeveloped 
recreation use estimate for the Project diversion dams.  
 
5.3.46 Step 4 – Identify Future Use and Demand Opportunities 
 
LicenseeYCWA will identify the future use and demand opportunities from three perspectives: 
1) assessing the existing unmet demand; 2) assessing future recreation demand; and 3) assessing 
the regional uniqueness and significance of the Project recreationally.  Each of these perspectives 
is described in detail below. 
 
5.3.46.1 Existing Unmet Demand Assessment 
 
Existing recreation use does not always represent the total existing recreation demand because 
there may be constraints that limit participation.  While there are many potential constraints on 
recreation use (e.g., lack of free time, cost, geographic distance, lack of skills or equipment), a 
subset of participation constraints may be closely associated with site-specific management (e.g., 
limited access to lands or water, use limits or full occupancies at facilities, project operations that 
eliminate or diminish the quality of experiences and opportunities, or the lack of information 
about available recreation opportunities).  To assess the general level of unmet demand for the 
Project recreation resources, LicenseeYCWA will perform the three tasks described below. 
 
5.3.4.1.1 Task 1 - Assess Statewide and Regional Unmet Recreation Demand Information 
 
LicenseeYCWA will review and summarize relevant information from the 2007 California 
Public Attitudes Outdoor Recreation Survey (CDPR, 2007).  In addition, LicenseeYCWA will 
contact the California Department of Parks and Recreation (CDPR) and request access to the raw 
data to determine if the sample size is statistically valid to be used to develop a more regional or 
even local estimate of unmet demand; and to identify potential constraints that limit 
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participation.  If available, LicenseeYCWA will review other sources of Project Area and Project 
Region demand.  The focus of this assessment will be to identify possible recreation activities 
with substantial unmet demand with a qualitative discussion of participation constraints and 
whether these constraints are likely affected by Project operations and maintenance. 
 
5.3.4.1.2 Task 2 - Collect Unmet Project Area Recreation Demand Information  
 
LicenseeYCWA will collect additional unmet recreation demand information from Project 
visitors in LicenseeYCWA’s visitor surveys and residents via the resident focus groups.  The 
visitor surveys and focus group sessions will ask visitors and residents if there are any reservoir-
based recreation activities they are interested in participating in at the Project, but cannot because 
of some form of barrier or other existing condition. 
 
5.3.4.1.3 Task 3 - Identify Potential Activities with High Unmet Demand within the Project 

Area 
 
LicenseeYCWA will identify potential activities with high unmet demand in the Project Area 
based on the review of unmet demand information derived from the CDPR, the Project visitor 
survey, Project monitoring data, and any other regional unmet demand sources (if any).  Analysis 
will also attempt to identify likely barriers or constraints on participation, and whether those are 
related to Project operations or recreation management decisions. 
 
5.3.4.2 Future Recreation Demand Assessment 
 
This element of the study will provide information regarding the projected future recreation use 
in the Project Area over the estimated period of the new License (50 years).  Obviously, 
projecting the future is a speculative activity, especially over a 50-year period.  These 
projections, though, can be useful for general planning purposes to identify potential 
management issues that may occur in the future.  This approach will include four tasks. 
 
5.3.4.2.1 Task 1 - Review Existing Recreation Use Trends 
 
Since past use often helps predict future use, LicenseeYCWA will review trends of recent 
Project recreation use.  Likely sources of Project use will be: Project monitoring reports; 
California fishing license sales; off-highway vehicle (OHV) green stickers and boating vessel 
registrations (for the counties where the majority of Project visitors originate from); local fishing 
guide activity; and recreation equipment sales (where available). 
 
5.3.4.2.2 Task 2 - Review Existing Population and Recreation Activity Participation 

Projections 
 
LicenseeYCWA will summarize existing information on future projections from the California 
Department of Finance on projected population growth rates of the counties where the majority 
of the Project visitors originate from.  LicenseeYCWA will also research projections from other 
available sources such as the United States Department of Agriculture (USDA) Forest Service 
(i.e. Cordell 1999, et al.) and other appropriate sources on future projections. 
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5.3.4.2.3 Task 3 - Review Reasonably Foreseeable Events that May Influence Future Use 
 
Reasonably foreseeable events in the watersheds may reasonably be expected to influence 
recreation use in the watershed over the license period.  If an event is determined to be 
reasonably foreseeable, LicenseeYCWA will make a qualitative assessment of its potential affect 
on future recreation use (if feasible).  
 
5.3.4.2.4 Task 4 - Estimate Future Recreation Use over the License Period 
 
Based on historical trends, future growth projections, and likely foreseeable actions in the 
watershed, LicenseeYCWA will use professional judgment to estimate Project recreation use and 
facility utilization over the expected term of the new license (50 years).  These estimates must be 
considered very speculative and will only provide a general indication of how recreation use is 
expected to change over the license period.  For the Project recreation use estimate projection, 
LicenseeYCWA will rely on the population growth rates where the majority of Project visitors 
reside to project use.  For the facility utilization projections (campgrounds and boat launch 
parking areas), LicenseeYCWA will rely on the activity participation indices developed by the 
Forest Service for developed camping and motorized boating (Cordell 1999). 
 
5.3.64.3 Regional Uniqueness and Significance Assessment 
 
This component of the study will assess the regional uniqueness of the Project’s primary 
recreation opportunities in three tasks.  
 
5.3.4.3.1 Task 1 - Review Results of Visitor Questionnaires 
 
LicenseeYCWA will review LicenseeYCWA anticipates that boating, water sports (water skiing, 
wakeboarding, etc.), camping, fishing, picnicking, and swimming will likely be among the top 
water-related recreation activities at the Project.  
 
5.3.4.3.2 Task 2 - Identify Regional Recreational Opportunities 
 
LicenseeYCWA will identify the geographic draw of the Project’s top primary recreation 
opportunities identified in Task 1 above.  LicenseeYCWA will assess the geographic extent of 
visitors’ origins and location of the alternative recreation resource areas where visitors 
participate in their primary recreation activities.  LicenseeYCWA will identify regional 
alternatives for comparable facilities or areas from sources such as guidebooks, on-line web 
resources, state and national parks, BLM, Forest Service, and county tourism sources. 
 
5.3.4.3.3 Task 3 - Assess the Uniqueness and Significance of the Project-Related 

Recreation Opportunities 
 
First, LicenseeYCWA will analyze the visitor responses to a typical survey question that asks 
visitors to rate the relative uniqueness of the project reservoir they visited.  The question has pre-
set responses using a 5-point scale with a rating of 1 meaning the reservoir provided an 
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“extremely common” opportunity and a rating of 5 meaning the reservoir provided an 
“extremely unique” opportunity.  Based on the average responses, LicenseeYCWA will 
categorize the relative uniqueness of the Project using the following categories. 
 
 Rating of 1.0 = extremely common 

 Rating of 1.1 to 2.0 = common 

 Rating of 2.1 to 3.0 = somewhat common 

 Rating of 3.1 to 4.0 = somewhat unique 

 Rating of 4.1 to 4.9 = unique 

 Rating of 5.0 = extremely unique 
 
Second, for the Project’s most popular primary recreation activities, LicenseeYCWA will 
identify if these recreation opportunities are of local, regional or state significance.  
LicenseeYCWA will determine the level of significance based on the county where visitors 
reside based on the following definitions. 
 Local Significance: visitors from Yuba County (where the Project resides) 

 Regional Significance: visitors from Sutter, Placer, Butte, Plumas, Sierra and Nevada 
counties (the counties surrounding Yuba County) 

 State-Wide Significance: visitors from all other counties outside of the local and regional 
counties. 

 
In addition, text will describe what is unique and special about the most popular recreation 
opportunities based on the comments provided by the visitors. 
 
5.3.57 Step 5 – Evaluation of the Functional Usable Periods of the Project 

Developed Boat Ramps 
 
In this step, LicenseeYCWA will identify the usable functional periods of the Project’s two 
developed boat ramps at Cottage Creek and Dark Day boat launch facilities.  To make this 
evaluationFirst, LicenseeYCWA will identify the constructed top and lower end of the two boat 
ramps to determine the functional water surface elevation (WSE) range of each boat ramp.  A 
boat ramp is considered usable functional when the median reservoir WSE is no less thanfrom 
the constructed top of the boat ramp down to 3 feet above the lower end of the constructed ramp 
per the California Department of Boating and Waterways (DBAW) design guidelines (CDBAW 
1991).  Second, YCWA will comparewith the daily median reservoir WSE for the period of 
record (1970 – 2008) by water year typewater surface elevation (WSE) in feet against the 
functional WSE range of each ramp to under the existing Project operations.  Based on this 
comparision, Licensee will identify the periods of the recreation season (year-round) that the 
boat ramps are usablefunctional.  In addition, YCWA will include in this comparison the typical 
open and close dates of the boat launch facilities.  The output of this evaluation will be tables 
and/or figures that identify the functional periods for each ramp by water year type (as agreed to 
by YCWA and Relicensing Participants). 
 
5.3.67 Step 6 – Data Entry and QA/QC Review of Data 
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Following data collection, LicenseeYCWA will enter the raw data into a statistical database 
program (SPSS 14.0) that will allow visitor survey responses to be analyzed, taking an 
“opportunity perspective” by grouping users who are doing similar activities at Project recreation 
sites/areas.  Survey responses will be coded, edited and entered for analysis through a separate 
effort (Step 7).   LicenseeYCWA will subject all visitor and observation survey data to quality 
assurance/quality control (QA/QC) procedures including, but not limited to: 1) spot-checking 
visitor/observation surveys to be sure errors were not made during data entry; and 2) reviewing 
the visitor and observation survey databases for completeness/anomalous data.  LicenseeYCWA 
will conduct these QA/QC procedures both manually by LicenseeYCWA staff and electronically 
using the SPSS program, which has the ability to sort through large quantities of data.  If any 
datum seems inconsistent during the QA/QC procedure, LicenseeYCWA will investigate the 
problem by going back to the source questionnaire or data form.  Values that are determined to 
be anomalous will be removed from the database if the reason for the values cannot be identified. 
 
5.3.78 Step 7 – Data Analysis and Report Preparation 
 
5.3.78.1 Data Analysis 
 
The survey responses should provide a rich source of information about visitor use patterns, 
characteristics, preferences, and perceptions.  Following data entry and comprehensive QA/QC 
procedures, LicenseeYCWA will address the study objectives and issues through analysis of the 
responses to questionnaires and observation data.  Descriptive statistics will be employed to 
explain visitor responses to each of the survey questions.  Survey data will be analyzed and 
reported by the two Project resource areas including New Bullards Bar Reservoir and the Project 
diversion dams (Our House and Log Cabin).  In addition, YCWA will then analyze and report 
each of these resource areas by day use and overnight visitors.  YCWA will code/categorize the 
survey data to allow for the following potential variables on a case-by-case basis Additional 
statistics may be utilized to check for differences between various recreation groups. (i.e., 
motorized versus non-motorized users; shoreline anglers versus boating anglers, etc.) depending 
on the type of question to be addressed.  For each study area, survey analyses will depend on the 
nature of the recreation users, but will likely focus on the following perspectives:  
 
 Day users/Overnight users 

 Seasonality (e.g., peak, shoulder, and low seasons) 

 Developed facility users 

 Dispersed users 

 User groups defined by primary recreation activity (i.e., boaters, anglers, hikers, backpackers, 
bicyclers, etc.) 

 Motorized versus non-motorized recreationists 

 Resident (identified by zip code 95922, 95925, 95935, 95960, 95962) versus non-resident  
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For houseboat owners and renters, since the study methods will survey the population and not a 
sample of the population, the houseboat owners and renters will be analyzed separately from the 
other visitor survey results.   
 
Within the analysis, LicenseeYCWA will check for non-response bias through demographics and 
visitor behavior variables.  Observation use data will address the types and frequency of use 
occurring within each project recreation resource area.   
 
YCWA will provide the raw data to Relicensing Participants in both SPSS and Microsoft Excel 
format.7 
 
5.3.78.2 Report Preparation 
 
LicenseeYCWA will synthesize the data collected and analyzed into a study report at the 
conclusion of the study, which will include summary data in tables, attachments and/or 
appendices; and be further summarized in narrative form.   Specifically, the report will include 
the following sections: 1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion; 
and 5) Description of Variances from the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
LicenseeYCWA will engage in the following study-specific consultation: 
 
 LicenseeYCWA will provide the agencies with a schedule of survey dates and will invite 

agency representation into the field during the surveys and impact evaluations and 
assessments. 

 LicenseeYCWA will consult with Relicensing Participants to develop an initial list of 
potential focus group participants. 

 YCWA will consult with Relicensing Participants by July 16, 2012 on the status of visitor 
survey data collection relative to the target number of surveys and determine if survey data 
collection needs to be augmented to meet the targets. 

 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Facility, Trail, Road, and Water System Evaluations ........................ October 2011 – October 2012 
Trail Evaluations .......................................................................................... April 2012 – June 2012 
Dispersed Shoreline Recreation Use Evaluation ........................... September 2012 – October 2012 
Survey Logistics/Planning, Field Training/Logistics, Survey Pre-test ........................ October 2011 

                                                           
7  Queries of the database are not part of the study. However, YCWA is willing to make a reasonable number of queries to the 

database as provided by the Relicensing Participants. 
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Field WorkObservation and Visitor Surveys ................... October November 2011 – October 2012 
Resident Focus Groups .................................................................. October 2011 – September 2012 
Data Entry and QA/QC Review ................................... October 2011 – September November 2012 
Data Analysis/Prepare Report .......................................................... November 2012 – March 2013 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
LicenseeYCWA’s methodology for planning, implementing, and analyzing visitor surveys is 
consistent with professional practice (Salant and Dillman, 2000; Watson et al., 2000).  In 
addition, LicenseeYCWA will be implementing professional accepted survey practices for 
contacting visitors and choosing sample sizes (Dillman, 2000).  Assessing existing recreation use 
through a combination of observation and questionnaire surveys is a common practice for large 
geographic areas that contain multiple accesses to desired recreation use areas (Malvestuto 1996, 
Pollock et al. 1994, Watson et al. 2000, USDA Forest Service 1995).  In addition, assessing 
future recreation demand through an evaluation of existing use, demographic data and 
participation trends and projections in the region is common practice (Kelly & Warnick, 1999).  
Furthermore, these methodologies were also utilized as part of the relicensing process for the 
Upper American River Project, South Feather Power Project, DeSabla-Centerville Project, Yuba-
Bear Hydroelectric Project, and Drum-Spaulding Project. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between 
$310375,000 and $420505,000. 
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Table A1.  Summary of recreation facilities and amenities (excluding recreational trails) for the Yuba River Development Project.  

Recreation Facility Fee Manager 
Land 

Owner 

Campsites 
Picnic 
Sites 

Boat Ramp Parking Spaces Restrooms 
Trail-
head Type Total Single Double Triple Group No. Lanes Total Single Double Total Vault Flush 

Float-
ing 

NEW BULLARDS BAR RESERVOIR 

Schoolhouse 
Campground 

Yes USFS USFS 
tent/ 
RV 

56 44 12 0 0 0 0 0 0 0 0 5 1 4 0 Yes 

Hornswoggle Group 
Campground 

Yes USFS USFS 
tent/ 
RV 

6 0 0 0 6 0 0 0 0 0 0 4 2 2 0 No 

Dark Day 
Campground 

Yes USFS USFS tent 10 6 3 1 0 0 0 0 55 0 55 3 3 0 0 Yes 

Dark Day  
Picnic Area 

No USFS USFS -- 0 0 0 0 0 14 0 0 13 13 0 1 1 0 0 No 

Dark Day Boat 
Launch 

No USFS USFS -- 0 0 0 0 0 0  1 2-3 174 54 120 2 2 0 0 No 

Garden Point Boat-In 
Campground 

Yes USFS USFS tent 16 12 4 0 0 0 0 0 0 0 0 4 4 0 0 No 

Madrone Cove Boat-
In Campground 

Yes USFS YCWA tent 10 10 0 0 0 0 0 0 0 0 0 2 2 0 0 No 

Cottage Creek 
Campground 

Yes USFS USFS tent 30 30 0 0 0 3 0 0 0 0 0 0 TBD TBD 0 No 

Cottage Creek Group 
Campground 

Yes USFS USFS 
tent/ 
RV 

0 0 0 0 TBD 0 0 0 0 TBD TBD 0 TBD TBD 0 No 

Cottage Creek  
Boat Launch 

No USFS YCWA -- 0 0 0 0 0 0 1 2 93 37 56 2 2 0 0 No 

Emerald Cove 
Marina 

No YCWA YCWA -- 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 No 

Burnt Bridge 
Campground 

-- USFS USFS tent 0 TBD TBD TBD TBD TBD TBD TBD 0 0 0 0 TBD TBD 0 No 

Sunset Vista 
Overlook 

No USFS USFS -- 0 0 0 0 0 1 0 0 20 20 0 1 1 0 0 Yes 

Dam Overlook No USFS YCWA -- 0 0 0 0 0 0 0 0 24 24 0 0 0 0 0 No 

Moran Road  
Day Use 

No USFS USFS -- 0 0 0 0 0 0 0 0 8 8 0 1 1 0 0 No 

Reservoir  
Water Surface 

No USFS -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 -- 

Total -- -- -- -- 128 102 19 1 6 18 2 2 387 156 231 26 19 6 6 -- 

DIVERSION DAMS 

Log Cabin  
Diversion Dam 

No -- USFS -- 0 0 0 0 0 0 0 0 informal 0 0 0 0 No 

Our House  
Diversion Dam 

No -- USFS -- 0 0 0 0 0 0 0 0 informal 0 0 0 0 No 
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Table A2.  Summary of Project recreational trails for the Yuba River Development Project. 

Resource Area Trail Name 
Length 
(miles) 

Start Location End Location Trailhead Location(s) 

New Bullards 
Bar Reservoir 

Bullards Bar Trail 14.0 Sunset Vista Overlook Old Camptonville Road 
 Sunset Vista Overlook 
 Dark Day Picnic Area 
 Old Camptonville Road 

Schoolhouse Trail 0.7 Schoolhouse Campground Bullards Bar Trail  Schoolhouse Campground 

Seven Ball Trail 1.0 Paved road off Marysville Road Bullards Bar Trail  Paved road off Marysville Road (1.5 mi. from Highway 49) 

Eight Ball Trail 3.8 Marysville Road 7 Ball Trail 

 Schoolhouse Campground 
 Dark Day access road 
 7 Ball Trail 
 Marysville Road 

Rebel Ridge Trail 1.6 Marysville Road Bullards Bar Trail  Marysville Road (0.5 mi. from Highway 49) 

Camptonville Road Trail ~1.0  Old Camptonville Road Old Camptonville Road  Old Camptonville Road (0.5 mi. from Highway 49 and 
Marysville Road) 
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Project Recreation Facility Descriptions 
 

1.0 New Bullards Bar Reservoir  
 
1.1 Campgrounds 
 
1.1.1 Dark Day Campground  
 
Dark Day Campground is located approximately 4 miles from the New Bullards Bar Dam via 
Marysville Road and Dark Day Road on the southeast shoreline of the Willow Creek arm of the 
reservoir.  The facility is approximately 0.2 mile from the reservoir shoreline.  The campground 
complex has 10 campsites for tent camping only, with 6 single sites, 3 double sites, and 1 triple 
site.  The single sites have a picnic table, cooking grill/fire ring, and vehicle parking spur with a 
capacity of 6 people and 1 vehicle for $22 per night.  The double sites have 2 picnic tables, a 
cooking grill/fire ring, and vehicle parking spur with a capacity of 12 people and 2 vehicles for 
$44 per night.  The triple site has 3 picnic tables, a cooking grill/fire ring, and vehicle parking 
spur with a capacity of 18 people and 3 vehicles for $66 per night.  None of the sites are 
designed to be accessible for persons with disabilities.  The campground has 3 vault restroom 
buildings and 3 water faucets.  A short trail from the campground leads to the adjacent boat 
launch facility.  Reservations are available.  This campground formerly was the Dark Day Picnic 
Area (sites 1 through 16).  TNF converted the picnic sites into a walk-in tent campground in 
1990 (YCWA 1993). 
 
1.1.2 Schoolhouse Campground 
 
Schoolhouse Campground is located across Marysville Road across from the Hornswoggle 
Group Campground.  The campground is approximately 0.5 mile from the reservoir shoreline on 
NFS land.  The campground has 56 campsites, which includes 44 single sites for a maximum of 
6 people and 2 vehicles for $22 per night; and 12 double sites for a maximum of 12 people and 4 
vehicles for $44 per night.  Four of the single sites are designed to be accessible for  persons with 
disabilities.  The campground has 4 flush restroom buildings, 1 vault restroom, 13 water faucets, 
and an overflow parking area.  The campground does not have any RV hookups or a dump 
station.  The campground was originally designed and intended for tent camping and smaller, 
trailer-towing vehicles; however, the campground was redesigned in the 1990s to accommodate 
RVs, campers, and trailers.  Reservations are available by phone through Emerald Cove Marina.   
  
The campground also has a trailhead for the 1.0-mile Schoolhouse Trail, which connects to the 
14.0-mile Bullards Bar Trail.  In addition, the 8 Ball Trail passes through the campground and 
leads to Dark Day Campground.   
 
1.1.3 Hornswoggle Group Campground 
 
Hornswoggle Group Campground is located on Marysville Road 2.5 miles north of the New 
Bullards Bar Dam, and 3.3 miles south of the Highway 49 junction.  The facility is 
approximately 0.6 mile from the southeast shoreline of the reservoir on NFS land.  The facility 
consists of 6 group camping areas (described in detail below) with 5 campsites that 
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accommodate up to 25 people-at-one-time (PAOT) ($80 per night), and 1 group campsite that 
accommodates up to 50 PAOT ($140 per night).  The campground has 2 flush restroom 
buildings, 2 vault restroom buildings, 11 water faucets, and 6 parking areas.  Reservations are 
available by phone through Emerald Cove Marina.   
 
1.1.3.1 Site No. 1 - Dogwood   
 
Dogwood's main camping area has a capacity of 25 PAOT, or 5 RVs or campers.  In all, the site 
includes 5 picnic tables, 2 cooking grills, 4 bear-proof lockers and shares the 4-unit flush 
restroom facility with the Manzanita group site (Site No. 3).  The restroom building has a 
women's side (2 sinks and 2 toilets) and a men's sied (2 sinks, a toilet, and a urinal). 
 
1.1.3.2 Site No. 2 - Sugarpine 
 
Sugarpine's main camp area has a capacity of 25 PAOT.  The site includes 4 picnic tables, 2 
preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  The site also has one 2-unit 
vault restroom facility with a men’s and women’s stall. 
 
1.1.3.3 Site No. 3 - Manzanita 
 
Manzanita's main camp area is large with ample sites for tents for up to 50 PAOT.  The site 
includes 8 picnic tables, 2 food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  
The site shares the 4-unit flush restroom with the Dogwood group site (Site No. 1), which has a 
women’s side (2 sinks and 2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.4 Site No. 4 - Ponderosa 
 
Ponderosa's main camp area has a capacity of 25 PAOT.  The site includes 4 picnic tables, 2 
food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  This site shares the 4-unit 
flush restroom with the Madrone group site (Site No. 5), which has a women’s side (2 sinks and 
2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.5 Site No. 5 - Madrone 
 
 The Madrone site has a capacity of 25 PAOT.  This site has a large parking area, and is the most 
secluded of the 6 group sites at Hornswoggle Campground.  The site includes 4 picnic tables, 2 
food preparation tables, 1 grill/fire ring unit, and 4 bear-proof lockers.  This site shares the 4-unit 
flush restroom with the Ponderosa group site (Site No. 4), which has a women’s side (2 sinks and 
2 toilets) and a men's side (2 sinks, a toilet, and a urinal). 
 
1.1.3.6 Site No. 6 - Douglas Fir 
 
Douglas Fir's main camp area has a capacity of 25 PAOT in a flat, open and well-shaded/forested 
area.  The site includes 4 picnic tables, 2 food preparation tables, 1 grill/fire ring unit, and 4 bear-
proof lockers.  This site has one 1-unit vault restroom building. 
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1.1.4 Garden Point Boat-In Campground 
 
The Garden Point Boat-In Campground is accessed by boat only and is located on a peninsula on 
the north side of the reservoir at the junction between the North Yuba River and Willow Creek 
arms of the reservoir on NFS land.  The campground is approximately 3.0 miles by boat from the 
Cottage Creek Boat Launch, and 1.5 miles from the Dark Day Boat Launch.  Boat-in access is 
preferred on the south facing shoreline. 
  
The campground has 16 campsites, which includes 12 single sites (maximum of 6 people for $22 
per night) and 4 double sites (maximum of 12 people for $44 per night).  The single sites consist 
of a picnic table, a fire ring, and Klondike stove, the double sites consist of 2 picnic tables, a fire 
ring, and Klondike stove.  None of the sites are designed to be accessible for persons with 
disabilities.  The campground has 4 vault restroom buildings and no water is available at the 
campground.  Reservations are available by phone through Emerald Cove Marina. 
 
1.1.5 Madrone Cove Boat-In Campground 
 
The Madrone Cove Campground is accessed by boat only and is located along the west shore of 
the North Yuba River arm of the reservoir on YCWA-owned land.  By boat, the campground is 
approximately 7.5 miles from the Cottage Creek Boat Launch and 6.0 miles from the Dark Day 
Boat Launch.  The campground has 10 single campsites (maximum of 6 people per site for $22 
per night).  Each site consists of a picnic table, fire ring, and Klondike stove.  None of the sites 
are designed to be accessible for persons with disabilities.  The campground has 2 vault restroom 
buildings and no water is available at the campground.  Reservations are available by phone 
through Emerald Cove Marina. 
 
1.1.6 Cottage Creek Campground 
 
This facility is located off of County Road 169 approximately 0.5 mile from its intersection with 
Marysville Road near the dam.  This facility consists of 30 single campsites, 3 picnic sites, and 1 
two-unit vault restroom building.  The facility is used for overflow camping. 
 
1.1.7 Cottage Creek Group Campground 
 
 This facility is located off of County Road 169 approximately 0.5 mile from its intersection with 
Marysville Road near the dam.  This facility consists of  a group campsite and shares the two-
unit vault  restroom building with Cottage Creek Campground.   The facility is used for overflow 
camping. 
 
1.1.8 Burnt Bridge Campground 
 
Burnt Bridge Campground was located off Oregon Hill Road on NFS land.  This campground 
was closed by the Tahoe National Forest (TNF) in 1979 due to low use levels.  The TNF briefly 
re-opened the campground on a trial basis, but use was once again too low to justify keeping it 
open.  At present, the campground remains closed to all public uses and the access road is gated.   
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1.2 Boat Launches 
 
1.2.1 Cottage Creek Boat Launch 
 
Cottage Creek Boat Launch is located on YCWA-owned land along the southwest corner of the 
reservoir off County Road 169 approximately 0.1 mile from its intersection with Marysville 
Road.  The launch ramp facility consists of a 900-foot long 2-lane concrete launch ramp, two 2-
unit vault restroom buildings, and a parking area with 56 double spaces for vehicles with trailers 
and 37 additional spaces for either a vehicle only, trailer only, or vehicle with a trailer.  The 
existing layout at Cottage Creek Boat Launch is due in part to the upgrades in 2005 completed 
by California Department of Boating and Waterways (CDBAW) through a grant from the 
CDBAW Boat Launching Facility Grant Program.  The 2005 upgrades included the installation 
of the two 2-unit vault restroom buildings (designed to current accessibility standards), a boat 
ramp walkway, and a parking area expansion.  
 
1.2.2 Emerald Cove Marina 
 
The Emerald Cove facility is located on New Bullards Bar Reservoir at the Cottage Creek Boat 
Launch facility.  The facility consists of a marina, floating general store, and a floating restroom 
building.  The Emerald Cove Marina provides overnight boat slips and mooring buoys, gasoline 
pumps, and a floating dump station for houseboat sanitation systems.  In addition, the marina 
provides marine-related repair and maintenance services for nearly any watercraft from complete 
engine overhauls to cosmetic repairs, including 24-hour emergency watercraft calls/service.  In 
addition, the marina has a variety of boat rentals including luxury houseboats, powerboats, 
pontoon boats, and personal watercraft/wave runners.  The general store provides groceries and 
general supplies to the public.  
 
1.2.3 Dark Day Boat Launch 
 
The Dark Day Boat Launch facility is located on Dark Day Road.  The facility has a 2-lane 
concrete boat ramp (3-lane concrete boat ramp initially) with a 60-foot floating boat dock, two 
vault toilets (4-unit and 2-unit), 1 picnic table, and an upper and lower parking area with 120 
double spaces and 54 single spaces.  The existing layout at Dark Day Boat Launch is due in part 
to the upgrades funded by the California Department of Boating and Waterways (CDBAW) Boat 
Launching Facility Grant Program.  The upgrade added an upper parking area with a 2-unit vault 
restroom, and an accessible boat loading ramp with parking at the lower parking area. 
 
1.3 Day Use Areas 
 
1.3.1 Dark Day Picnic Area 
 
The Dark Day Picnic Area is located adjacent to Dark Day Campground.  The picnic area 
consists of 14 picnic sites, each with a picnic table and cooking grill/fire ring.  The day use area 
also has 1 vault restroom, 3 water faucets, and 1 parking area for 13 vehicles.  A trailhead for the 
Bullards Bar Trail is located in the parking area.   
 



 

Attachment 8.1A–Facility Descriptions ©2011, Yuba County Water Agency Page A-7 
 

1.3.2 Sunset Vista Point 
 
This scenic overlook is located near the southeast corner of the reservoir approximately 1.0 mile 
east of New Bullards Bar Dam via Marysville Road and Vista Point Road.  The facility consists 
of one 2-unit vault restroom, 1 picnic table, and a parking area for 20 vehicles.  The facility also 
serves as a trailhead for the Bullards Bar Trail. 
 
1.3.3 Dam Overlook 
 
The Dam Overlook is located at the southeast corner of New Bullards Bar Dam on Marysville 
Road on YCWA-owned land.  The facility consists of a gravel parking area for approximately 24 
vehicles and an interpretive plaque related to the construction of the dam/Project. 
 
1.3.4 Moran Road Day Use Area 
 
The Moran Road Day Use Area is located on the west shoreline of New Bullards Bar Reservoir 
at Moran Cove on NFS land.  The day use area is accessible by vehicle 6.4 miles from the Town 
of Challenge via Oregon Hill Road and Moran Road.  The rustic developed facility consists of a 
gravel parking area for up to eight vehicles, vault restroom, trash receptacles, bulletin board, and 
a car top boat launch.  Vehicle access is restricted by a gate, which requires the public to access 
the reservoir shoreline by hiking to the water's edge.   
 
1.4 Trails 
 
1.4.1 Bullards Bar Trail (14.0 mi) 
 
The Bullards Bar Trail is a non-motorized, multi-use trail offering an easy, relatively level, and 
scenic route along the shoreline of the reservoir from the Sunset Vista Point near the dam up to 
Old Camptonville Road.  The non-motorized, multi-use trail is located within the existing FERC 
Project Boundary, except for the eastern end of the trail (approximately 1.5 mi) which extends 
beyond the FERC Project Boundary along Willow Creek, where it ends at Old Camptonville 
Road.  The trailhead, including parking, is located at the Sunset Vista Point day use area.  The 
trail is located on NFS and LicenseeYCWA-owned land and is managed by the Forest Service.   
 
1.4.2 Schoolhouse Trail (0.7 mi) 
 
The Schoolhouse Trail is a non-motorized, multi-use trail that descends approximately 250 ft 
rapidly to the Bullards Bar Trail along an old heavily shaded road bed.  The trailhead including 
parking is located at the Schoolhouse Campground near campsite 13.  The entire trail is located 
on NFS within the existing FERC Project Boundary land and is managed by the Forest Service.   
 
1.4.3 7 Ball Trail (1.0 mi) 
 
The 7 Ball Trail is a non-motorized, multi-use trail that descends 400 ft to the Bullards Bar Trail 
on NFS land.  The trailhead is located off the paved road that intersects Marysville Road 1.5 and 
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1.9 miles from the junction with Highway 49.  The trail is located outside the existing FERC 
Project Boundary on NFS land and is managed by the Forest Service. 
 
1.4.4 8 Ball Trail (3.8 mi) 
 
The 8 Ball Trail is a non-motorized, multi-use trail and an alternative to walking or riding on 
Marysville Road.  The 8 Ball Trail connects the Rebel Ridge, 7 Ball and Schoolhouse trails to 
make several loop routes possible with the Bullards Bar Trail.  The trail winds through dense 
forest and open scrub brush areas paralleling Marysville Road.  The trailheads are all located on 
NFS land at the junction with the 7 Ball Trail, at Marysville Road just before the access road to 
Schoolhouse Campground, at Schoolhouse Campground and at Dark Day Road.  The trail is 
located outside the existing FERC Project Boundary on NFS land and is managed by the Forest 
Service. 
 
1.4.5 Rebel Ridge Trail (1.6 mi) 
 
The Rebel Ridge Trail is a non-motorized, multi-use trail that descends nearly 500 ft through the 
forest and connects to the Bullards Bar and 7 Ball trails.  The trailhead including parking is 
located approximately 0.6 mile from the intersection of Highway 49 and Marysville Road.  The 
trail is located outside the existing FERC Project Boundary on NFS land and is managed by the 
Forest Service. 
 
1.4.6 Old Camptonville Road Trail (approx. 1.0 mi) 
 
The Old Camptonville Road Trail is a non-motorized, multi-use trail that parallels Old 
Camptonville Road and connects to the Bullards Bar Trail.  The trailheads are located on Old 
Camptonville Road approximately 0.5 mile from the intersection of Highway 49 and Marysville 
Road.  The trail is located outside the existing FERC Project Boundary on NFS land and is 
managed by the Forest Service. 
 
2.0 Project Diversion Dams 
 
2.1 Our House Diversion Dam 
 
The Our House Diversion Dam impoundment provides undeveloped day use recreation 
opportunities.  The site is located on NFS land along the Middle Yuba River (river mile or RM 
12.0) and does not have any developed recreation facilities.  Vehicle access to the diversion dam 
occurs via Highway 49 to Ridge Road and then 1.8 miles along the paved Our House Dam Road.  
Informal parking is available at the end of the Our House Dam Road, where visitors have foot 
access to the shoreline. 
 
2.2 Log Cabin Diversion Dam 
 
The Log Cabin Diversion Dam impoundment provides undeveloped day use recreation 
opportunities.  The site is located on NFS land along Oregon Creek (RM 4.1) and does not have 
any developed recreation facilities.  LicenseeYCWA, with the permission of the Forest Service, 
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has installed and keeps locked a vehicular gate on NFS land at the start of Log Cabin Road at 
Highway 49.  Vehicle access to the diversion dam is restricted.  Visitors may park  their vehicles 
along the shoulder of Highway 49 and hike into the diversion dam.  
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Facility Inventory and Condition Form Example 
(The study form will utilize the data fields from the attached Forest Service condition and inventory form) 
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Draft Recreation Use Impact Evaluation Form  
 

SECTION A – FOR ALL RECREATION SITES 
Facility Name of the Facility  
Site Name Specific Site Name/Number  
Site Type Day use or overnight site? 1.  Day Use     2.  Overnight  
Overnight Type If overnight, what type of site? 1.  Single    2. Double    3. Triple    4. Group    5. Boat-In     6. Shoreline 
Litter In general, how much litter is found at this site? 1.  Trace amounts: less than a handful or none 

2.  Small: about a handful 
3.  Medium: about a bucketful 
4.  Large: about a 33 gallon garbage bag full 
5.  Excessive: over one garbage bag full 

Dump Does this site get used as a dump (not just litter 
from camping)? 

1.  No, rarely  
2.  Yes, sometimes (large items such as cars, beds, etc. in evidence) 

Tree cutting Does the site show signs of tree cutting for 
firewood? 

1.  Low: few signs 
2.  Medium: some signs, especially lower branches of live trees 
3.  High: many signs, including excessive cutting of live trees 

Access Barriers Are there management- placed barriers to 
prevent vehicle access to parts of the site & 
have people moved the barriers? 

1.  No barriers placed there 
2.  Barriers there & have not been moved 
3.  Barriers have been moved 

Fire rings/ vegetation 
clearances 

How many fires rings do not have appropriate 
vegetation clearing? 

Report # of fire rings that to do not have 8 to 10 feet vertical & 5 feet horizontal 
vegetation clearance: 

Vegetation  What is dominant vegetation type at site? Report % vegetation types: Forest_____ Meadow_____ Riparian_____ Other_____ 
Soil What is the dominant soil type at the site? Report the % of soil type: Sandy____Clay_____Rock_____Other____________ 

Comment on drainage: 
Shade Does the site have good shade from rocks or 

trees? 
1.  Low: few trees or rocks with shade  
2.  Medium: some shade trees/rocks for some parts of the day 
3.  High: many trees/rocks that offer shade through entire day. 

Screening Does the site screen groups from each other? 0.  Not applicable: single site (not cluster) 
1.  Low: virtually no screening between sites 
2.  Medium: some screening 
3.  High: extensive screening 

Reservoir views Does the site have views of the reservoir? 1.  Poor or no views. 
2.  Some views, but not high quality 
3.  High quality views. 

Landscape views Does the site offer views of the surrounding 
landscape? 

1.  Poor or no views. 
2.  Some views, but not high quality 
3.  High quality views. 

Reservoir proximity Is the site on or off the reservoir? 1.  < 100 feet 
2.  100 to 200 feet 
3.  > 200 feet 

Reservoir accessibility Is the reservoir easy to access from the site? 1. Easy: <20’ above reservoir, obvious trail, shorter trail (<100’), not too steep. 
2. Medium difficulty: over 20’ above reservoir less obvious trail, narrower trail, some 
switchbacks, some scrambling over talus, some poison oak. 
3. Hard: >200’ above reservoir; less obvious trail; extensive scrambling; poison oak 

Creeks Is the site close to other creeks or springs? 1.  < 100 feet 
2.  100 to 200 feet 
3.  > 200 feet 

Hiking Trail Type Is the trail developed or user-created? 1.  Developed trail 
2.  User-created trail 

Hiking Trail Lengths Length of trail (feet)?  
ORV Does the site show signs of nearby ORV use? 1.  No     2.  Yes 
Bare ground  Does the site show signs of extensive use & 

loss of ground vegetation? 
1.  Low: small areas around fire rings & tent sites 
2.  Medium: large areas around fire rings & tent sites  
3.  Large: large contiguous areas & multiple trails to satellite use areas 

Erosion  Does the site show signs of erosion? 1.  None 
2.  Low: nominal signs of erosion 
3.  Medium: visible signs of erosion/steep slopes 
3.  High: large contiguous areas of erosion on steep slopes 

Tent availability Does the site have good places for tents? 1.  Poor: few, small, low quality 
2.  Fair: more than one, better quality         Total # of Tent Pads: _____ 
3.  Good: more than two sites with flat, unbrushy areas 

White Flowers #  of “White Flowers” present (toilet paper)?  
Human Waste Does the site show signs of human waste? 1.  No      2.  Yes 
Adapted from Whittaker & Shelby (2001) 
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SECTION B – FOR DISPERSED SITES ONLY 

VARIABLE NAME QUESTION RESPONSE CHOICES 

Site Type What type of site is it? 1.  Single site 
2.  Cluster site : 
►Max. No. Groups: ______  Typical No. Groups: ______   

Use Is the site currently used? 1.  Yes, but rarely 
2.  Commonly used 

Access  Is the site primarily accessible by the road, a 
trail, or by the reservoir? 

1.  Road (within 50 feet) 
2.  Trail from road (and reservoir) 
3.  From the reservoir 

Existing parking spaces How many vehicle places are available at the 
site (or at access to the site)? No. of obviously used parking spaces (if distinct): _______ 

If not distinct parking spaces, then report one of the following: 
1.  Indistinct areas that could accommodate less than 7 vehicles 
2.  Indistinct area could accommodate more than 7 
3.  No parking associated with the site or you don’t know.  

Squatter Use Is the site used for long term camping (over 14 
days at one time)? 

1.  Rarely or never used by squatters 
2.  Occasionally used by squatters 
3.  Commonly used by squatters 

Existing camp use How many parties appear to be able to use the 
site at one time?  

Report # of fire rings that appear separate but “active” in a cluster.   
Report 1 if the site is a single site. 

Use Impact Area (North-South x East-West): 
 

Comments (i.e. user impacts, sensitive areas, general observations, etc.): 

Site Diagram: 

Adapted from Whittaker & Shelby (2001) 
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Recreation Visitor Survey for the Yuba River Development Project (FERC Project No. 2246)   
 

The following survey has been designed to help the Yuba County Water Agency understand the needs of users of the recreational 

facilities and opportunities it provides at New Bullards Bar Reservoir, Our House Diversion Dam and Log Cabin Diversion Dam.  The 

survey is 5 pages long and takes approximately 15 minutes to complete.   

These questions are generally for the overall recreation area (e.g., reservoir or diversion dam) you are currently visiting.  However, 

some questions are for the specific recreation facility or site you are currently visiting (e.g., campground, picnic area, boat launch, 

shoreline camping area, etc.).  Please be aware of this distinction when reading each question. 

Your Trip Characteristics 
 
1.   Please write the name of the recreation site/facility where you have received this survey: _________________________________________ . 
 
2.   If you are staying overnight, where are you staying or camping today?  (Check One) 
 

  Not staying overnight, this is a day visit only. 

  RV park or campground.  If so, what is the name of the campground you are staying at?  _______________________________________ . 

  Dispersed shoreline camping at New Bullards Bar Reservoir (permit required) 

  Camping outside of a designated camping area (dispersed site/area). 

  Staying at a hotel or motel.   If so, which community/town/city?  ___________________________________________________________ . 

  Other (please specify):  __________________________________________________________________________________________ .  
 
 Arrival  Estimated Departure 

3.   When did you arrive and plan to depart this recreation area?      

(For the time, please specify AM or PM) Date  Time  Date  Time 
   (am / pm)    (am / pm) 

 
4.   A)  What year did you first visit this recreation area: _____________.  
 
      B)  Approximately how many times have you visited since your first visit: ____________. 
 
5.   Which of the following best describes your recreation group?  (Check One) 
 

 Alone  Friends   Family & Friends  Other (specify): __________________________________. 

 Family  Multiple Families  Organized Outing Group  
 

6.  How many people, vehicles, boats, and water-related equipment are included with the group you traveled with during your current visit to this 
recreation area?    (Write a number for each) 

 

_____  People (include yourself) _____  Powerboats  (under 15 horsepower) 

_____  Vehicles used to travel to the area (include trucks, cars, RVs, etc.) _____  Powerboats  (15 horsepower or larger) 

_____  Off-Highway Vehicles (OHVs) – 2, 3, or 4 wheels _____  Personal Watercraft (PWC) 

_____  Trailer for OHV _____  Canoes/kayaks/other non-motorized watercraft 

_____  Trailer for Boat/PWC/Raft  _____  Fishing tubes   

_____  RV/Camper  Length in ft. _________ (if more than 1, give range) _____  River tubes 

_____  Camper Trailer  Length in ft. _________ (if more than 1, give range) _____  Other, specify: _____________________________

_____  Tents  
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7.   Check each of the activities that you expect to participate in during your current visit to this recreation area.  (Check All That Apply) 
 

  Camping   Mountain biking 

  Driving for pleasure   OHV use 

  Fishing   Picnicking 

  Houseboating   River/stream boating (e.g., raft, kayak, canoe) 

  Flat-water, motorized boating   Swimming 

  Flat-water, non-motorized boating (e.g., kayaks, canoes)   Target Shooting 

  Gold panning   Water skiing 

  Hiking or walking   Wildlife viewing (birding, etc) 

  Horseback riding   Other (specify):  ____________________________  

  Hunting (specify type):  _____________________________    Other (specify):  ____________________________  

 
8.   Please list your primary recreation activity for your current visit: _____________________________________ . 
 
9. Please list (up to 3) other areas in Northern California where you visit  to participate in your primary recreation activity. 

 1) __________________________________   2) __________________________________   3) __________________________________ 
   

Your Thoughts on Existing Conditions at this Recreation Area… 

 
10.   Please indicate whether or not the level of the reservoir or river was a problem for each of the following at the recreation area you are currently 

visiting.  (Check One For Each Item) 
 

 (Circle one number for each)  
Not a 

problem 
A small 
problem 

Neither 
A moderate 

problem 
A large 
problem 

No Opinion/ 
Not Applicable 

Ability to use beach area  5 4 3 2 1  

Ability to safely swim 5 4 3 2 1  

Ability to launch or take out boat 5 4 3 2 1  

Ability to safely boat 5 4 3 2 1  

Ability to utilize trails 5 4 3 2 1  

Ability to fish along the shoreline 5 4 3 2 1  

Ability to access the shoreline 5 4 3 2 1  

Scenic quality of shoreline 5 4 3 2 1  

Other (specify):____________________ 5 4 3 2 1  

  
11.  A)  Did you experience any conflict with other recreation users in this recreation area (i.e., anyone who negatively impacted your experience)?      
 

    Yes       No 
 

      B)  If YES, what was the activity of the other recreation user? (Check One) 
 

  Bird watcher   Motorized boater   OHV (2, 3, or 4 wheels) 

  Camper   Non-motorized boater   Unsure 

  Hiker   Mountain biker   Other (specify): _________________________ 
 

     C)  If you experienced conflict, please check the reasons that contributed to the conflict. (Check All That Apply) 
 

 Proximity to where we were  Rowdiness  Loudness  Other (specify):  _____________________________  
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12.   Please rate the acceptability of the following Existing Conditions at the Recreation Facility / Site you are currently visiting (this site is identified 
at the start of the survey).    

 Important: Please only circle a number for the items that you used during your visit to this Specific Recreation Facility / Site.  Please check the 
“Did Not Use” box, if you did not use the item or it does not exist at the Specific Recreation Facility / Site. 

 

FACILITIES Acceptable 
Slightly 

Acceptable 
Neither 

Slightly 
Unacceptable 

Unacceptable 
Did Not Use/ 

Not Applicable 
Camp sites 5 4 3 2 1  
Camp site parking spur size 5 4 3 2 1  
Vegetation or screening between camp sites 5 4 3 2 1  
Shading of camp sites 5 4 3 2 1  
Picnic sites 5 4 3 2 1  
Vegetation or screening between picnic sites 5 4 3 2 1  
Shading of picnic sites 5 4 3 2 1  
Food storage locker 5 4 3 2 1  
Restroom 5 4 3 2 1  
Potable water  5 4 3 2 1  
Trash receptacle  5 4 3 2 1  
Vehicle parking areas 5 4 3 2 1  
Trailer parking areas 5 4 3 2 1  
Boat ramp parking area 5 4 3 2 1  
Boat launch/take out 5 4 3 2 1  
Other (specify):________________________ 5 4 3 2 1  

If you rated a condition “unacceptable”, please identify the item from the table & describe the location and nature of the unacceptable condition: 

 

 

 

ACCESS Acceptable 
Slightly 

Acceptable Neither 
Slightly 

Unacceptable Unacceptable 
Did Not Use/ 

Not Applicable 
Width of roads within the site 5 4 3 2 1  
Condition of roads within the site 5 4 3 2 1  
Foot trails to the shoreline 5 4 3 2 1  
Foot trails around the shoreline 5 4 3 2 1  
Signage to the recreation site 5 4 3 2 1  
Signage within the recreation site 5 4 3 2 1  
Other (specify):________________________ 5 4 3 2 1  

If you rated a condition “unacceptable”, please identify the item from the table & describe the location and nature of the unacceptable condition 

INFORMATION RESOURCES Acceptable 
Slightly 

Acceptable 
Neither 

Slightly 
Unacceptable 

Unacceptable 
Did Not Use/ 

Not Applicable 
Interpretive/education information 5 4 3 2 1  
Recreation visitor information 5 4 3 2 1  
Reservoir water surface elevation information 5 4 3 2 1  
River/stream flow information 5 4 3 2 1  
Other (specify):________________________ 5 4 3 2 1  

If you rated a condition “unacceptable”, please identify the item from the table & describe the location and nature of the unacceptable condition: 
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13.   A)  Did/do you feel crowded at any of the following locations during your visit to this recreation area today?  (Circle One Number For Each Item) 
 

LOCATION/AREA Not At All  
Crowded 

 Slightly 
Crowded 

Moderately 
Crowded 

Extremely 
Crowded 

Did Not Use/ 
Not Applicable 

Campground 1 2 3 4 5 6 7 8 9  
Shoreline camping area 1 2 3 4 5 6 7 8 9  
Picnic area 1 2 3 4 5 6 7 8 9  
Boat launch 1 2 3 4 5 6 7 8 9  
Trail 1 2 3 4 5 6 7 8 9  
Trailhead 1 2 3 4 5 6 7 8 9  
Other shoreline area  1 2 3 4 5 6 7 8 9  
Water surface  1 2 3 4 5 6 7 8 9  
Other (specify): ___________________ 1 2 3 4 5 6 7 8 9  
            

 B)  If you felt crowded, did you modify your recreation plans because you felt crowded?     Yes      No      Did Not Feel Crowded     
 

C) If YES, what did you do?  Moved to a new location  Changed your activity  Did nothing 
   Changed the time of day  Choose not to recreate  Other (specify):  ______________________ 

 
14.  A)   Are you recreating at your preferred location today?         Yes      No   

       B)   If NOT, what was your preferred location?  ____________________________________________________________________________ . 

       C)   Why were you unable to use or go to your preferred location?  ____________________________________________________________ . 
 

15.   A)   Are there any places in this recreation area where you feel unsafe?  Yes  No 
 
        B)   If YES, please identify why you feel unsafe.  (Check All That Apply) 
 

 Wild animals  Unattended campfires  Speeding boats/PWC  Other visitors behavior (specify):  ________________________ 

 Unleashed dogs  Firearm discharge  Speeding vehicles  Other (specify):  _____________________________________ 
 

C)   If YES, please identify the location where you feel unsafe:__________________________________________________. 
 
16.   Are there any barriers that prevent you or a member of your group from participating in desired recreation activities at this recreation area?     

 

 Yes    No     If YES, please identify the location(s), the type of barrier(s) in the space below. 
 

 
 
 
 
 
 

 

17.   A)  Please rate the relative uniqueness of the recreation opportunities at this recreation area relative to similar to opportunities within Northern 
California:  

 

Extremely Common Opportunity   Extremely Unique Opportunity 
1 2 3 4 5 

 

        B)  Please explain, what, if anything is special or unique about this recreation area relative to other recreation areas in Northern California. 
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Your Thoughts on Potential New Recreation Improvements at the Recreation Area… 
 

18. Please rate your preference for the following Potential New Recreation Facility Improvements for the recreation area you are currently visiting. 
 

(Please circle one number for each item) Highly  
Preferred 

Slightly 
Preferred 

Neither  Slightly Not 
Preferred 

Not At All 
Preferred 

No Opinion/ 
Not Applicable 

BOATING IMPROVEMENTS 
Boat-in campsites 5 4 3 2 1  
Boat launches  5 4 3 2 1  
Boat launch lanes 5 4 3 2 1  
Boat trailer parking 5 4 3 2 1  
Other (specify): __________________________ 5 4 3 2 1  
CAMPING & PICNIC AREA IMPROVEMENTS 
Campsites 5 4 3 2 1  
Group campsites 5 4 3 2 1  
Pull-through camping parking spurs 5 4 3 2 1  
Longer camping parking spurs 5 4 3 2 1  
Group picnic sites 5 4 3 2 1  
Picnic sites 5 4 3 2 1  
Restrooms 5 4 3 2 1  
Potable water  5 4 3 2 1  
Showers 5 4 3 2 1  
Food storage lockers 5 4 3 2 1  
Trash receptacles 5 4 3 2 1  
Other (specify): __________________________ 5 4 3 2 1  
PARKING & OTHER IMPROVEMENTS 
Vehicle parking 5 4 3 2 1  
Trailer parking 5 4 3 2 1  
Accessible fishing pier 5 4 3 2 1  
Dump station 5 4 3 2 1  
Foot trails to the shoreline 5 4 3 2 1  
Foot trails around the shoreline 5 4 3 2 1  
Signage to the recreation area 5 4 3 2 1  
Signage within recreation area 5 4 3 2 1  
Other (specify): __________________________ 5 4 3 2 1  

 
About You 

 
19.   How did you learn about this recreation area?     Word of mouth      Internet      Forest Service      Other: ______________________ 
 
20.   What is the zip code for your primary residence?  _______________     OR   ___________________. 
     (Zip Code)      (Postal Code/Country) 

21.   Your Age: _______. 
 

22.   Are you?    Male     Female 
 
23.   Please tell us which of the following categories best represents your ethnicity: 

 

 American Indian/Alaskan Native  Asian  Black/African-American   Hispanic/Latino 

 Native Hawaiian/other Pacific Islander   White  Spanish Hispanic/Latino  Other (specify): ___________________________ 

 
24.   What is your primary spoken language? __________________________________. 
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Any Additional Comments? 

 
25.   Please let us know if you have any additional comments regarding your recreation experience during your visit in the space below. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yuba County Water Agency Thanks You For Taking The Time To Participate In This Survey!
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Resident Focus Group 
DRAFT Topics and Questions 

 
Resident History 
[Option: provide participants with a form with these questions to complete prior to starting the 
group discussions] 
1. Please identify the town you reside in? 
2. Is it a full-time or part-time residence?   
3. If part-time, how many months do you spend at this residence in a year, on average? 
4. How many years have you owned a home/resided in the area? 
 
NBBR Recreational Activities and Access 
5. How many years have you been visiting NBBR? 
6. What types of outdoor recreation activities do you engage in at NBBR? 
7. Where do you engage in these recreation activities? 
 Facilities? 
 Other areas/shoreline (identify on a map)? 

8. In general, how many days per year do you spend recreating outdoors at NBBR (hiking, 
fishing, tubing, boating, picnicking)?  

9. In general, what season do you visit NBBR? (summer, shoulder, non-peak) 
10. What season do you visit NBBR most often? (summer, shoulder, non-peak) 
11. Have any of you recreated at NBBR and then stopped recreating there for any reason?   
 If yes, what are the reasons you have stopped visiting NBBR? 

12. Are there any constraints to any outdoor recreation activities you would like to participate in 
at NBBR?   
 Is so, please tell us what kinds of constraints you have found that have prevented you from 

engaging in your activity?   
 Do you have any potential solutions to these constraints? 

 
NBBR Shoreline Access 
Tell us about access to NBBR shoreline outside of the facilities?  
13. Identify where visitors are typically accessing the NBBR shoreline (Identify on a map)?   
14. How do you access these areas (roads, trails, etc.) (Identify on a map)? 
15. Are there any constraints to accessing the NBBR shoreline?   
 If so, please tell us what kinds of constraints you have found that have prevented you from 

accessing the NBBR shoreline?   
 Do you have any potential solutions to these constraints? 

16. Rate overall access quality to the NBBR shoreline (1=totally unacceptable, 2=slightly 
unacceptable, 3=marginal, 4=slightly acceptable, 5=totally acceptable) 
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River Reach Recreational Activities and Access 
17. Which of the study reaches do you visit for recreational activities?  [Oregon Creek, Middle 

Yuba River, North Yuba River, or Yuba River] 

The remaining section questions will be separate by study reach 

18. What types of outdoor recreation activities do you engage in on these rivers? 
19. Does the flow in the river effect your decision to recreate on these rivers? 
 If so, how do you find out the flow level? 

20. Does you participate in certain activities at certain flow levels? 
 If so, what are the activities and the flow levels for each?  

21. In general, how many days per year do you spend outdoor recreating (hiking, fishing, tubing, 
boating, and picnicking) on these river reaches?  

22. In general, what season do you visit these rivers (summer, shoulder, non-peak)?  
23. What season do you visit these rivers most often (summer, shoulder, non-peak)? 
24. Have any of you recreated along these rivers and then stopped recreating there for any 

reason?   
 If yes, what are the reasons you have stopped visiting these rivers? 

25. Are there any constraints to any outdoor recreation activities you would like to participate in 
on these river reaches?   
 If so, please tell us what kinds of constraints you have found that have prevented you from 

engaging in your activity?   
 Do you have any potential solutions to these constraints? 

 
Trends, Issues, and Conflicts 
26. Are there outdoor recreational activities that take place at New Bullards Bar Reservoir and 

the affected stream reaches that have changed over the years?   
 If so what are these and how have they changed?  [Be as specific as possible about use 

levels and trends] 
27. Do you feel there are adequate opportunities for outdoor recreation in the Project Area?   
 If not, what is missing? 

28. What types of outdoor recreation activities do you enjoy most in the Project Area? 
29. How often do you engage in each type of outdoor recreation activity?  
30. Have you changed your recreation behavior (time you visit, where you go to recreate, etc.) 

for any reason over the years?  If so, how? 
31. Are there any areas within the Project Area where you have safety concerns?   
 If so, where and what types of concerns do you have? 
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Study 8.2 

RECREATION FLOW 
April August 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
whitewater boating and angling opportunities.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that three agencies have jurisdiction over recreation in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land; 2) United States Department of 
Interior, National Parks Service (NPS); and 3) California Department of Fish and Game (CDFG).  
Each of these agencies and their jurisdiction and management direction, as understood by 
YCWA at this time, is discussed below. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or  PAD (YCWA 2010).  
The Forest Service’s jurisdiction and management goals are not repeated here.   
 
NPS 
NPS’s jurisdiction and goals are described by the NPS in the NPS’s March 4, 2011 letter to 
FERC providing the NPS’s comments on YCWA’s PAD.  NPS’s jurisdiction and management 
goals are not repeated here. 
     
CDFG 
CDFG’s jurisdiction is described by CDFG on page 1 of CDFG’s March 2, 2011 letter to FERC 
providing CDFG’s comments on YCWA’s PAD. CDFG’s goal, as described on page 2 of 
CDFG’s letter is to preserve, protect, and as needed, to restore habitat necessary to support native 
fish, wildlife and plant species. 
 

3.0 Existing Information and Need for Additional 
Information 

 
Section 7.8.3 (Recreation Facilities and Opportunities in the Project-Affected River Reaches) of 
YCWA’s Pre-Application Document (YCWA 2010) provides a summary of the existing 
whitewater boating information on the river reaches affected by the Project.  Specifically, in 
2008, YCWA conducted the New Bullards Bar Dam Whitewater Boating Study on November 8 
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and 9.  Results of this study determined the acceptable flow range for whitewater boating, 
primarily for hardshell kayaks, on: 1) the 2.3-mile portion of the North Yuba River below New 
Bullards Bar Dam downstream to the confluence with the Middle Yuba River; and 2) on the 7.5-
mile portion of the mainstem Yuba River from the confluence with the North Yuba River 
downstream to the United State’s Army Corp of Engineers (USACE) Englebright Reservoir 
(non-Project).  The key findings of this study are in Section 7.8.3.1 of YCWA’s PIPPre-
Application Document (PAD), which includes the types of craft that may potentially boat the 
reach, the minimum and maximum optimal flow ranges, and the put-in and take-out locations for 
this reach.  A complete description of the study methods and results are also found in Attachment 
7.8B of the PIPPAD.  
  
In addition, the 7.5-mile reach studied in 2008 also comprises the lower two-thirds of the larger, 
12-mile whitewater boating reach that begins at the Highway 49 bridge crossing and continues 
downstream to USACE’s Englebright Reservoir. (non-project).  This larger Middle Yuba River 
reach must include the 7.5-mile portion studied in 2008 since the reach does not have a takeout 
in the vicinity of the confluence with the NYR.  As a result, boaters who run the reach from 
Highway 49 must continue beyond the North Yuba River confluence on the 7.5-mile whitewater 
reach studied by YCWA in 2008.  Thus, Licensee believes the information from the 2008 New 
Bullards Bar Dam Whitewater Boating Study is adequate to characterize the acceptable flow 
ranges for whitewater boating on the entire 12-mile portion of the MYRfrom Highway 49 
downstream to USACE’s Englebright Reservoir (non-project).The 2008 study included the 7.5-
mile mainstem Yuba River segment (below the confluence of the North and Middle Yuba 
Rivers).  This mainstem Yuba River segment is also part of the lower section of the whitewater 
reach that begins on the Middle Yuba River at the Highway 49 bridge crossing and continues 
downstream 12 miles (past the North Yuba River confluence) to Englebright Reservoir.  The 
Middle Yuba River reach starting at Highway 49 was not part of the 2008 study.  However, the 
results from the 2008 study does provide relevant information on the 7.5-mile mainstem Yuba 
River section of the Middle Yuba River reach that begins at the Highway 49 bridge, which must 
utilize the same takeouts as the 2008 study since no other takeouts exist.     
   
There is also some information regarding whitewater boating opportunities in the Project 
Vicinity,1 not including flow levels, currently available at American Whitewater’s (AW) website, 
as well as some other boating websites and forums. 
 
Additional information collected within this study will be used to close the gaps in the existing 
information on whitewater boating opportunities and what the acceptable range of flow levels is 
for the river reaches affected by the Project.     
 

4.0 Study Goals and Objectives 
 
The primary goals of the study are to determine if Project operations can: 1) provide acceptable 
whitewater boating opportunities consistent with demand on river reaches potentially affected by 

                                                           
1   For the purposes of this document, the Project Vicinity is defined as the area surrounding the Project on the order of a United 

States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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the Project; 2) determine anglers’ preferences (e.g., flow, location and type of fishing) on the 
Project-affected study reaches; and 3) be consistent with the needs of the area, the primary 
purposes or ability of the Project, and other resource management plans.   

 
The study objectives include:  

 
 Utilize opportunistic flows flow releases to determine the acceptable flow range for 

whitewater boating on the study reachesProject-affected stream reaches(see Section 5.1 - 
Study Area). 

 Determine the number of flow days by month in the acceptable flow range for whitewater 
boating opportunities (e.g. rafting and kayaking) under current Project operations and under 
regulated and unimpaired flows.2  

 On the Project-affected stream study reaches, determine popular locations where anglers fish, 
the flows at which they fish, the type of fishing (e.g., wade or bank), and the number of 
useable days under existing Project conditions. 

 Examine the feasibility of developing real-time flow data for Project-affected stream reaches 
within the Project area, and the Yuba River, below Englebright Dam. 

 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
For the purpose of the whitewater boating component of the study, the study area includes the 
following , three study reaches; 
 
 7.5-mile-long portion of the Middle Yuba River from below Our House Diversion Dam (RM 

12.0) downstream to Highway 49 Bridge (RM 4.5)  

 12.0-mile-long portion of the Middle Yuba River and mainstem Yuba River from Highway 
49 Bridge (RM 4.5) downstream to Englebright Reservoir (RM 32.2 on the mainstem Yuba 
River) 

 4.1-mile-long portion of Oregon Creek from  Log Cabin Diversion Dam (RM 4.1) 
downstream to the confluence with the Middle Yuba River (RM 0.0) 

 
In addition, the North Yuba River whitewater boating reach above New Bullards Bar Reservoir 
from Indian Valley downstream to New Bullards Bar Reservoir will be included in the study area 
for the sole purpose of identifying the takeout patterns, issues, and levels of use via a focus 
group.  Note that this reach is not a Project-affected river reach as LicenseeYCWA does not have 
any Project control over the flows in this study reach.   
 
For the purpose of the angling component of the study, the study area includesthe:  
 

                                                           
2  Unimpaired flow refers to flows that might exist without Project operations. 
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 2.3 mile-long section of the North Yuba River from below New Bullards Bar Dam (RM 2.3) 
downstream to the confluence with the mainstem Yuba River (RM 0.0)  

 12.0 mile-long section of the Middle Yuba River from below Our House Diversion Dam 
(RM 12.0) downstream to Highway 49 Bridge (RM 4.5) 

 4.5 mile-long section of the Middle Yuba River from below Highway 49 Bridge (RM 4.5) 
downstream to the mainstem Yuba River (RM 0.0)  

  7.5 mile-long section of the Yuba River (RM 39.6) from the confluence with the North and 
Middle Yuba rivers downstream to Rice’s Crossing (RM 32.2)  

 4.1-mile-long section of Oregon Creek from belowLog Cabin Diversion Dam (RM 4.1) 
downstream to the confluence with the Middle Yuba River (RM 0.0). 

 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  

 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions. 

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
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analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.3 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 
moving between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
moving between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
This study is divided into two components – a whitewater boating and angling component.  The 
whitewater boating component of the study focuses specifically on whitewater boating 
opportunities on the Middle Yuba River below Our House Diversion Dam downstream to 
Englebright Reservoir (Yuba River), Oregon Creek, and the North Yuba River reach from Indian 
Valley to New Bullards Bar Reservoir (relating only to the take--out portion of the reach).  The 
angling component of the study focuses on angling opportunities on each of the Project-affected 
stream reaches.  
 
5.3.1  Whitewater Boating Component 
 
5.3.1.1  Middle Yuba River Below Our House Diversion Dam 
 
The Middle Yuba River whitewater boating component consists of two study reaches on the 
Middle Yuba River below Our House Diversion Dam.  The study reaches are from: 1) Our 
House Diversion Dam downstream to the Highway 49 bridge crossing; and 2) Highway 49 
bridge crossing downstream to Englebright Reservoir.  Note that the final 7.5 miles of the second 
reach (below the confluence with the North Yuba River) are on the Yuba River downstream of 
the Middle and North Yuba River confluence. 
 
The study methods for the whitewater boating component consist of three steps (Steps 1A 
through 1C).  These include: 1) conducting an opportunisticcontrolled flow study releases on the 
Middle Yuba River study reaches; 2) comparing the regulated and unimpaired whitewater 

                                                           
3 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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boating opportunity for the study reaches; and 3) describing the existing or potential whitewater 
boating opportunities on the study reaches.  Each of these steps is detailed below. 
  
Step 1A - Conduct Opportunistic Flow Study on the Middle Yuba River from Our House 
Diversion Dam to Highway 49 and Highway 49 to Englebright Reservoir  
5.3.1.1.1 Step 1 - Conduct Opportunistic Flow Study on Two Middle Yuba River Study 

Reaches - Our House Diversion Dam downstream to Highway 49; and Highway 
49 downstream to Englebright Reservoir 

 
In Step 1, Licensee will   Middle Yuba River Highway 49 bridge crossing .  The exact number of 
controlled flow releases will depend on the results of the first and second releases.  Furthermore, 
Licensee will provide the controlled flow releases during late winter/early spring high natural 
flows to avoid any impacts to Foothill Yellow-Legged Frog breeding habitat. 
This step will consist of four primary elements – 1) weekly forecasting of the projected 
opportunistic flows in the study reaches; 2) a core team of boaters; 3) boater evaluation forms; 
and 4) a focus group with the core team of boaters.   
 
 
Weekly Forecasting of Opportunistic Flow Levels 
 
YCWALicensee will provide regular, weekly updates on the projected flows (to the best of the 
LicenseeYCWA’s capabilities) for the two Middle Yuba River study reaches during the spring 
run-off period starting in May 2012 and continuing through the descending limb of the 
hydrograph (likely into late June and early July 2012).  LicenseeYCWA will provide the weekly 
updates via a weekly conference call (posted on the Relicensing Website) with any interested 
Relicensing Participants, but will include AW, at a minimum.  The updates will include all 
necessary real-time flow information as available at the time of the call and any trend 
information on projected opportunistic flow levels through the upcoming weekend.  The update 
will focus on flows upstream and downstream of Our House Diversion Dam on the Middle Yuba 
River, and North Yuba River flows (including spill) below New Bullards Bar Dam, which is 
particularly important flow information for making a decision whether the Highway 49 to 
Englebright Reservoir study reach is boatable.    
 
If the weekly flow projections on the study reaches indicate that the upcoming boating window 
occurs from Friday through Monday may provide potential flows in the target flow ranges, then 
AW will communicate this potential to a core team of boaters who will boat the reach.  The flow 
projection information will also be broadcasted on the AW website 
(http://www.americanwhitewater.org), at a minimum. 
 
Core Team of Boaters 
 
While this approach relies on opportunistic flows in the study reaches, LicenseeYCWA and 
Relicensing Participants agreed that utilizing a core team of boaters in regular contact with 
LicenseeYCWA and/or AW would provide a measure of control and reliability over the study 
results.  LicenseeYCWA will work with Relicensing Participants to identify the core team of 
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boaters.  The core team will consist of boaters with commensurate skill levels and an appropriate 
distribution of craft types to include, at a minimum, hardshell kayaks, inflatable kayaks, and 
rafts.  As practical, the core team may also include R2s (two-person rafts) and catarafts.  The 
core team will then boat the Middle Yuba River study reaches within each targeted flow range 
(Table 5.3-1).  The pre-selected, core team of boaters will paddle the study reach(es) at least 
once in each of the targeted flow ranges in Table 5.3-1.  
 
Table 5.3-1.  Target flow ranges for each study reach on the Middle Yuba River. 

Study Reach 
Target Flow Range (cfs) 

A B C D 

Our House Diversion Dam to Highway 49 325 – 500 700 – 900 900 – 1,200 1,200 – 2,200 

Highway 49 to Englebright Reservoir 600 – 800 800 – 1,000 1,000 – 1,200 -- 

 
 
The target flow ranges provided in Table 5.3-1 were developed to span the flow ranges for each 
of the primary types of craft for each study reach.  These flow ranges by type of craft are 
provided in Table 5.3-2.   
 
 
Table 5.3-2.  Flow ranges by primary types of craft on each Middle Yuba River study reach. 

Study Reach 
Flow Range (cfs) By Type of Craft 

Inflatable Kayak/R2 Hardshell Kayak Raft 

Our House Diversion Dam to Highway 49 325 – 500 700 – 2,200 700 – 1,200 

Highway 49 to Englebright Reservoir -- 600 – 1,000 1,000 – 1,200 

 
 
While the primary focus of this study component is to utilize a core team of boaters to minimize 
the potential variables in the study data, LicenseeYCWA expects that boaters outside the core 
team will likely boat the study reach(es) opportunistically.  LicenseeYCWA will collect and 
separately analyze/summarize any data from opportunistic boaters if the opportunistic boaters 
boat a study reach in at least two target flow ranges (and complete a Post-Run Evaluation Form 
for each run and the follow-up Comparative Evaluation Form).   
 
Boater Evaluation Forms and Process 
 
The objective of the opportunistic flow study is to record how changes in flow alter the quality of 
the experience for individual participants and the group.  The core team of boaters will 
opportunistically paddle each targeted pre-selected flow range, then individually complete a 
single-flow boater Post-Run eEvaluation fForm (Attachment 8.2A)/questionnaire.  The single-
flow Post-Run Evaluation Form focuses on the specific characteristics of the study reach at the 
single flow the boater experienced. querying them on a number of whitewater characteristics 
specific to that flow (refer to Attachment 8.2A for the boater evaluation form/questionnaire).  
Upon completion of at least two flows within the targeted ranges and subsequent Post-Run 
Evaluation forms,  the boaterall the test  flows(at least 2, but potentially 3 flows) participants will 
complete the Comparative Evaluation Form/questionnaire, which enabling them to evaluates one 
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flow over another for specific characteristics (Attachment 8.2A2B).  The boater evaluation forms 
will be provided to boaters by one of two versions – hard copy or online version.  Both versions 
ask the same questions.  A link to the online version will be provided to the core team of boaters 
and also posted on the AW website, at a minimum. 
 
Focus Group with the Core Team of Boaters 
 
Following completion of the Post-Run and Comparative evaluation forms, LicenseeYCWA will 
conduct a fFocus group discussions, structured with the core team of boaters.4  The focus group 
discussion will include specific questions concerning the boating experience at the different flow 
levels and refine the acceptable and optimal flow ranges for each craft, as necessary.  The 
ultimate goal of the focus group discussion and the opportunistic flow study step is for the core 
team of boaters’ to identify what flows would represent the general paddling public preference 
by craft type., are conducted at the conclusion of each flow and upon completion of the 
comparative evaluations.  Each boater will sign a waiver of liability prior to participating in this 
step of the study (Attachment 8.2B).    
 
The primary data for this step study will consist of the boaters’ responses to questionnaires the 
evaluation forms (Post-Run and Comparative) completed at the conclusion of each controlled 
flow release (or boating run)and the focus group results at the conclusion of the opportunistic 
flow study step.  The questionnaire will include a section to gather data for a comparative flow 
evaluation for each run.  Data to be collected will likely include: 1) boatability; 2) quality of the 
reach; 3) suitability of the run for different crafts and boater skill levels; 3) quality of the put-
in/take-out locations; 4) boater’s opinion of the class of difficulty of the run; 5) comparison of 
each run at its different flows; 6) quality and length of the shuttle; 7) any safety concerns or 
hazards; 8) scenic quality; 9) number and difficulty of portages; 10) availability of play areas; 
and 11) boater’s opinion of the flows that would represent the general paddling public 
preference, which is achieved through focus groups and boater surveys.   
 
 
 
Contingencies If Opportunistic Flows Are Inadequate in Spring 2012 
 
In the event that the spring 2012 opportunistic flows do not provide flows within each of the 
target flow ranges (Table 5.3-1), then LicenseeYCWA will utilize the following progressive 
contingency options.  LicenseeYCWA will implement the following contingency options in the 
following order until all the target flow ranges have been accomplished.  If, after implementing 
the two contingency options, all of the target flow ranges have not been met, then the 
opportunistic study will be considered complete.  LicenseeYCWA will utilize any available data 
to complete the remainder of the study components (Steps 2 and 3 below). 
 

                                                           
4  Opportunistic boaters outside the core team of boaters may be included in this focus group if the opportunistic boater: 1) ran 

the study reach(es) in each of the target flow ranges; 2) completed all the necessary evaluation forms; and 3) can be contacted 
for inclusion in the focus group. 
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 Option 1 - 2013 Opportunistic Flow Study – LicenseeYCWA would continue the 
opportunistic flow study in spring 2013 utilizing the same opportunistic methods as described 
in Step 1 above.  

 Option 2 – Augment Flows Below Our House Diversion Dam in Spring 2013 - At Our House 
Diversion Dam, LicenseeYCWA will mechanically operate the slide gate on the dam that 
controls the flows that enter the Lohman Ridge Diversion Tunnel to augment the flows below 
Our House Diversion Dam in order to meet the necessary target flow ranges that were not 
accomplished by opportunistic flows.  This option will be implemented only during the 
descending limb of the hydrograph in spring 2013.  Note: mechanically operating the gate is 
a crude means of controlling the flow below Our House Diversion Dam and LicenseeYCWA 
will make a good faith effort to control the gate within its operational limits to aim for a 
target flow range.  LicenseeYCWA cannot guarantee specific flow levels using this method.  
Before implementing this option, LicenseeYCWA, in consultation with Relicensing 
Participants, will determine if this option is feasible.  If LicenseeYCWA and Relicensing 
Participants collaboratively agree that this option is feasible to complete the study, then 
LicenseeYCWA will implement this option. 

 
5.3.1.1.2 Step 1B2- Comparison of Regulated and Unimpaired Whitewater Boating 

Opportunity for the Study Reach 
 
In Step 1B2, LicenseeYCWA will estimate the annual number of usable days that occur based on 
regulated and unimpaired flows for the each Middle Yuba River study reach.  For the purpose of 
this study, a usable day is defined as a day when a recreationist would have reasonable access to 
the river and the mean daily flow in the study reach is within the acceptable flow range as 
determined through boater evaluations/focus groups (Step 1A) and using the hydrology data once 
approved by LicenseeYCWA and Relicensing Participants5.   
 
5.3.1.1.3 Step 1C3 – Description of the Whitewater Boating Opportunities on the Study 

Reaches 
  
In Step 1C3, LicenseeYCWA will summarize the whitewater boating opportunities on the 
Middle Yuba River study reaches.  This summary will document for each study reach the: 1) put-
in and take-out access; 2) demand for whitewater boating; 3) constraints; 4) conflicts or 
complementary opportunities with other recreational opportunities; 5) whitewater classification; 
6) the types of craft suitable for boating the reach; 7) acceptable and optimal flows for the class 
of boating and type of boating that would likely occur; and 8) the annual number of usable 
(boatable) days that occur based on regulated and unimpaired flows. 
 
5.3.1.2 Oregon Creek from Log Cabin Diversion Dam Downstream to the Confluence 

with the Middle Yuba River 
 
This whitewater boating study component consists of one study reach on Oregon Creek from 
Log Cabin Diversion Dam (RM 4.1) downstream to the confluence with the Middle Yuba River 
                                                           
5 In addition, Licensee will make this comparison for the North Yuba River from New Bullards Bar Dam downstream to 

Englebright Reservoir (studied in 2008). 
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(RM 0.0).  This study component uses a progressive, phased approach, whereby information 
gathered in Phase I will determine whether Phase II of the study component is necessary or not.  
Each of these two phases is detailed below. 
 
5.3.2.1.1 Phase I Assessment 
 
Step 1 - Identify Existing Whitewater Flow-Related Recreation Opportunity  
 
LicenseeYCWA, in consultation with AW and other interested Relicensing Participants 
(reconnaissance group) will conduct a field visit in 2011 at representative sites along Oregon 
Creek below Log Cabin Diversion Dam.  LicenseeYCWA and other field participants will 
observe the river access and river channel conditions along Oregon Creek at readily accessible 
access locations and potentially by hiking alongside the creek.  During the site visit, 
LicenseeYCWA will document the access and river condition through photographs and field 
notes, and the results of these conditions/observations will be summarized and included in the 
study report. 
 
Step 2 - Review Field Assessment and Determine Whitewater Boating Feasibility 
 
In this step, LicenseeYCWA will consult with Relicensing Participants to determine whether or 
not Oregon Creek has potential for whitewater boating.  If LicenseeYCWA and Relicensing 
Participants collaboratively agree that a whitewater boating opportunity does potentially exist on 
Oregon Creek, then LicenseeYCWA will proceed to the Phase II assessment.  If not, the Phase I 
Assessment will be considered adequate to complete the study regarding this reach. 
 
5.3.2.1.2 Phase II Assessment 
 
Step 1 – Conduct Opportunistic Flow Study  
 
LicenseeYCWA will conduct an opportunistic flow study on Oregon Creek from Log Cabin 
Diversion Dam to the confluence with the Middle Yuba River using the same methods as in 
Section 5.3.1.1 for the Middle Yuba River study reach, but during the spring snowmelt/runoff 
period in 2012.  Target flow ranges and types of craft will be determined based on the 
observations during the field visit in the Phase I assessment. 
 
 
 
 
Step 2 - Comparison of Regulated and Unimpaired Opportunity for Whitewater Boating 
 
If the opportunistic flow study in Step 1 confirms the whitewater boating potential, then 
LicenseeYCWA, in Step 2, will estimate the annual number of usable days on the study reach 
that occur based on regulated and unimpaired flows (identical to the comparison in Section 
5.3.1.1 for the Middle Yuba River study reaches).  If the opportunistic flow study in Step 1 
determines that the study reach does not have any whitewater boating potential, then 
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LicenseeYCWA will provide detail this determination in the study report and the Phase II 
assessment will be complete. 
 
Step 3 – Description of the Whitewater Boating Opportunity on Oregon Creek 
 
In Step 3, LicenseeYCWA will summarize the whitewater boating opportunity on the Oregon 
Creek study reach using the same methods in Step 1 of Section 5.3.1.1 for the Middle Yuba 
River study reaches.   
 
5.3.1.3 Whitewater Boating Takeout Assessment on the North Yuba River Reach Above 

New Bullards Bar Reservoir (Indian Valley downstream to New Bullards Bar 
Reservoir) 

 
This study component focuses on the North Yuba River study reach (upstream of New Bullards 
Bar Reservoir) from Indian Valley downstream to New Bullards Bar Reservoir.  The study 
component will assess issues related to the take-out on the study reach in two steps.  These 
include: 1) conducting a whitewater boating focus group; and 2) describing the existing and 
desired take-out opportunities on the study reach.   
 
5.3.1.3.1 Step 1 – Conduct Whitewater Boating Focus Group 
 
In Step 1, LicenseeYCWA will conduct a single whitewater boating focus group consisting of no 
more than 10 participants.  LicenseeYCWA, in consultation with the Relicensing Participants, 
will select the whitewater boaters to participate in the focus group.  LicenseeYCWA will make a 
good faith effort to reach identified individuals to conduct the focus group with the following 
types of participants - private boaters, permitted commercial outfitters, and clients of the 
permitted commercial outfitters (if feasible).  The focus group questions will specifically relate 
to the take-out for this study reach, and include, but not be limited to the following: 1) existing 
take-out locations for boaters (private and commercial); 2) access considerations for the various 
take-out locations, 3) how the take-out affected the overall boating experience; and 4) what are 
potential desired take-out options.  The focus group topics and question are provided in 
Attachment 8.2C.   
 
Focus Group Process 
 
Focus groups and interviews will be semi-structured, with specific topic areas and questions 
developed for anglers.  Initial questions will focus on how people use the river.  The goal is to 
describe the character of the whitewater boating takeout and identify potential desired takeout 
options for the study reach.   
 
The focus group will consist of no more than 10 participants and include up to two YCWA-
provided facilitators. The facilitators will pose open-ended questions to guide discussion, but will 
draw out participants with follow-up questions as needed.  The focus groups would ideally be 
scheduled after researchers have conducted fieldwork to increase opportunities for shared 
understanding about the locations and issues under discussion.    
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As with any research methodology, interviews/focus groups have strengths and weaknesses.  
They are most useful for describing consensus opinion of homogenous groups, and they allow 
participants to “brainstorm” collectively to improve the number or accuracy of ideas.  However, 
generalizing from small groups is more challenging, particularly if there is diversity within a 
group.  The extent of agreement within groups is one input into decisions about whether 
additional flow evaluation studies would prove useful.   
 
 
 
 
5.3.1.3.2 Step 2 – Description of the Whitewater Boating Take-out Opportunities 
 
In Step 2, LicenseeYCWA will summarize the existing and desired whitewater boating takeout 
opportunities on the North Yuba River study reach based on the information gathered in Step 1.   
 
5.3.2  Angling Component 
 
The study methods for the angling component consist of three steps (Steps 2A through 2C).  
These include: 1) conducting an angling focus group; 2) comparing the regulated and unimpaired 
angling opportunity for the Study Reaches; and 3) describing the existing and desired angling 
opportunities on the Study Reach.  Each of these steps is detailed below. 
 
5.3.2.1  Step 1 - Focus Group Interviews 
 
In Step 1, LicenseeYCWA will conduct up to two focus groups with anglers.  The anglers will be 
selected through consultation with the Relicensing Participants.  Subjects for angling questions 
will likely include: 1) access considerations, 2) target species, 3) types of fishing (wade/boat-
based/shore-based; spin/bait/fly), 4) flow ranges for each type of opportunity by Study Reach, 5) 
angling quality relative to regional opportunities, and 6) desired angling opportunities on the 
study reaches.  The focus group topics and question are provided in Attachment 8.2D. 
 
5.3.2.1.1 Focus Group Process 
 
LicenseeYCWA will utilize the same focus group process as detailed in Section 5.3.1.3 for the 
North Yuba River whitewater boating focus group.  Focus groups and interviews will be semi-
structured, with specific topic areas and questions developed for anglers.  Initial questions will 
focus on how people use the river. The goal is to describe the character of angling recreation 
opportunities and identify flow-dependent attributes.  A second series of questions will focus on 
the effects of flows on those attributes and whether interviewees can identify specific flows that 
affect the quality of angling opportunities.   
 
LicenseeYCWA will develop an initial list of participants for the focus groups with Relicensing 
Participants.  Researchers will make a good faith effort to reach identified individuals to conduct 
interviews.   
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5.3.2.2   Step 2-Comparison of Regulated and Unimpaired Angler Flows for the Study 
Reach 

 
 
In Step 2, LicenseeYCWA will estimate the average annual number of angling usable days that 
occur based on regulated and unimpaired flows for the Study Reach.  For the purpose of this 
study, a usable day is defined as a day when a recreationist would have reasonable access to the 
river and the mean daily flow in the Study Reach is within the acceptable flow range as 
determined through angler focus groups (Step 1) and using the hydrology data (once approved by 
LicenseeYCWA and Relicensing Participants).   
 
5.3.2.3 Step 3 – Description of the Existing and Desired Angling Opportunities on Study 

Reaches 
  
In Step 3, LicenseeYCWA will document the angling opportunities on each Study reach, 
including: 1) popular angling locations; 2) access; 3) types of angling (species, seasonality, 
shore, wade, etc.); 4) range of useable flows for angling on each Study Reach; and 5) the annual 
number of usable days that occur based on regulated and unimpaired flows.  In addition, 
LicenseeYCWA will characterize the desired angling opportunities on study reaches.  
LicenseeYCWA will utilize the information gathered during the focus groups, as well as the 
from any visitor surveys (see Recreation Use and Visitor Survey Study, Study 8.1) to 
characterize the existing and desired angling opportunities on the study reaches. 
 
5.3.3 Data Analysis and Study Report Preparation 
 
LicenseeYCWA will synthesize the data collected/analyzed into a study report at the conclusion 
of the study, and will include summary data in tables, attachments and/or appendices.  
Specifically, the report will include the following sections: 1) Study Goals and Objectives; 2) 
Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the FERC-approved 
study proposal, if any.    
 

6.0 Study-Specific Consultation   
 
LicenseeYCWA will engage in the following study specific consultation: 
 
 LicenseeYCWA, in consultation with Relicensing Participants, will identify the team of 

boaters to opportunistically run the controlled flow releases at a specified time on the Middle 
Yuba River study reaches (and the Oregon Creek study reach if an opportunistic flow study 
is conducted on the reach). 

 LicenseeYCWA, in consultation with Relicensing Participants, will determine whether or not 
Oregon Creek has potential for whitewater boating.  If LicenseeYCWA and Relicensing 
Participants collaboratively agree that a reasonable whitewater boating opportunity exists on 
Oregon Creek, LicenseeYCWA will proceed with the Phase II assessment. 
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 LicenseeYCWA, in consultation with Relicensing Participants, will identify whitewater 
boaters to participate in the whitewater boating focus group on the North Yuba River study 
reach from Indian Valley to New Bullards Bar Reservoir. 

 LicenseeYCWA, in consultation with Relicensing Participants, will determine if contingency 
option 2 on the Middle Yuba River whitewater boating component is feasible.  If 
LicenseeYCWA and Relicensing Participants collaboratively agree that this option is feasible 
to complete the study, then LicenseeYCWA will implement this option. 

 LicenseeYCWA, in consultation with Relicensing Participants, will identify anglers to 
participate in focus groups. 
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7.0 Schedule 
 
Licensee anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
Licensee anticipates the schedule to complete the study as follows assuming FERC issues its 
Study Determination by September 16,in October 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Whitewater Boating Component 
 
Middle Yuba River Study Reaches 
Controlled Opportunistic Flow Study .................................. February-April 2012 May - June 2012 
Boating Comparison of Regulated/Unimpaired Hydrology July-May-2012 July - September 2012 
Description of Whitewater Boating Opportunity ............................. July October - December 2012 
2013 Contingency ...................................................................................................May - June 2013 
 
Oregon Creek Study Reach 
Phase I Assessment .................................................................................................. November 2012 
Phase II Assessment ........................................................................................... May - August 2012 
 
North Yuba River Takeout Assessment 
Whitewater Boating Focus Group .......................................................................... May - July 2012 
Description of the Whitewater Boating Takeout Opportunities ................... July - September 2012 
 
Angling Component 
 
Angler Focus Groups ............................................................................. May - JulySeptember 2012 
Angling Comparison of Regulated and Unimpaired Hydrology ...............................May July 2012 
Description of Angling Opportunity ...................................................................... JulyAugust 2012 
 
Data Analysis and Report Preparation ............................................................ September 20122013 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study proposal is consistent with generally accepted relicensing studies (e.g., Yuba-Bear, 
Drum-Spaulding, South Feather River, DeSabla-Centerville, and Beardsley/Donnells), and is 
consistent with FERC study requirements under the newly developed Integrated Licensing 
Process (FERC 2003).  Focus groups following the completion of information gathering for the 
opportunistic flow studieseach controlled flow release will be conducted by researchers with 
social science training and will follow standard qualitative research protocols (Patton 1990).  In 
addition, researchers have experience with focus group efforts from previous studies (e.g., Yuba-
Bear, Drum-Spaulding, South Feather River, DeSabla-Centerville, and Beardsley/Donnells) 
using questions tested and refined from those efforts.  Field work will be conducted following 
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recommendations provided in Whittaker et al. (1993, 2005), and studies completed on West 
Rosebud Creek by PPL Montana.  Documentation may include still photos and notes. 
 

9.0  Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $670,000 
and $890,000. 
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North Yuba River Whitewater Boating Takeout Focus Group 
DRAFT Topics and Questions 

 
Experience / Background Information 
1. Do you boat the NYR reach as a private boater, commercial outfitter, or commercial client? 
2. How many years have you been boating? 

 Overall? 
 On the NYR reach?  

3. What type of boats do you commonly use? 
 Overall 
 On the NYR reach?  

4. How would you rate your skill level with each type of craft? 
5. In general, estimate the number of days per year you spend boating? 
6. Estimate the number of times you have boated the NYR from Indian Valley to NBBR?  

 Total 
 Times per year 

7. What months is the NYR reach typically boatable?  
8. How would you classify the existing boating demand for the NYR reach? 

 Less than 10 groups per weekend day 
 Between 10 and 20 groups per weekend day 
 20 or more groups per weekend day 

 
Questions Specific to the Takeout  
Note: in general, the answers will be categorized by private vs. commercial boaters 
9. Where do you typically takeout on this reach? 

 Specific river mile/location (identify on a map) 
 On river right or left? 

10. Please explain the following for each different takeout location/option. 
 Physical logistics 
 How long does it take (in minutes)?   
 Rate the level of effort/difficulty of the takeout using a scale from 1 to 5 (1=Easy; 5=Difficult) 
 How does the takeout experience affect your overall boating experience?  

o 1-Very much; 2-Somewhat; 3-Not at all 
 How does the takeout situation contribute to your decision to boat this reach? 

o 1-Very important; 2-Important; 3-Average; 4-Somewhat important; 5-Not important 
 If the takeout situation was improved (reduces the effort and time), would you boat the reach 

more often? 
o 1-Strongly disagree; 2-Disagree; 3-Neither agree nor disagree; 4-Agree; 5-Strongly 

disagree 
11. If you had your choice, what would be the ideal takeout location/scenario? 
12. Would you be willing to pay a reasonable user fee (e.g., per boater, per vehicle, per group, etc.) for an 

improved takeout location or scenario? 
If so, would a user fee affect the demand for boating on this reach?  How so? 
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Angling Focus Group 
DRAFT Topics and Questions 

 
Experience 
[Option: provide participants with a form with these questions to complete prior to starting the 
group discussions.] 
1. Total years fishing 
2. Fishing within the study reaches 

 Total years fishing 
 Typical days per year 

3. Types of fishing (spin, bait, fly) 
4. Modes of fishing (shoreline, wading, tubing, boat) 
 
Access and Use Areas 
5. Identify existing access locations, how they work, and what fishing areas they provide access 

to.  [Identify these areas on a map, particularly high use areas.] 
6. Identify if visitors typically use public vs. private access?  Is this legal private access? 
7. Identify typical use levels by season and time of day. 
8. Identify any constraints to angling and any potential solutions to these constraints? 
9. Rate overall access quality (1=totally unacceptable, 2=slightly unacceptable, 3=marginal, 

4=slightly acceptable, 5=totally acceptable). 
 

Type and Quality of Fishing Opportunity 
10. Target species 
11. Types of fishing (wade/boat/tube/shore; spin/bait/fly) 

 Likely flow ranges for each type of opportunity. 
 Rough estimate of angling success (fish per hour of effort; size, etc.) 
 Seasonality and time of day considerations on fishing success 
 

Regional Assessment Issues 
12. List similar reaches on nearby rivers and discuss similarities/differences 
13. Rating (1=worse than others, 3=similar to others, 5=better than others) 

 Within 2 hours 
 Within Northern California (4 hours) 

14. Estimate size of local angling community in the region 
 Less than 100 anglers / 100 to 500 anglers / Greater than 500 anglers 

15. Discuss of proportion of anglers who do different types of fishing (fly/spin/bait)   
16. Discuss of proportion of anglers who use different modes of fishing (shore/wade/tube/boat)   

 
Potential Management Issues 
17. Do you experience crowding?  If so, what locations?  And, what times of year? 
18. What, if any, facilities would you like to see on the stream reach? 
19. Do you experience any safety/liability issues? 
20. Have you experienced any conflicts with others (anglers, river users, residents, etc.) 
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Study 9.1 

PRIMARY PROJECT ROADS AND TRAILS 
AugustApril 2011 

 

1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued use, operation and maintenance 
(O&M) of Yuba River Development Project’s (Project) Primary Project Roads and Trials has a 
potential to have environmental effects. 
 
For the purpose of this study a “Primary Project Road and Trail” is a road or trail that is used 
almost exclusively to access the Project by the LicenseeYCWA and is within the existing FERC 
Project Boundary.1   
 
LicenseeYCWA’s routine maintenance of those Primary Project Roads includes periodically 
inspecting and clearing culverts and drainage ditches, maintenance of the travel surface including 
asphalt paving, blading dirt road and aggregate surfaces, filling-in pot holes on travel surfaces, 
minor trimming of vegetation along the travel surface edge to maintain a line-of sight for safety 
purposes, and repairing/replacing signs and markers.  Work may also include maintaining water 
bars for roads and trails that are infrequently used, and maintaining gates.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that one agency has jurisdiction over Primary Project Roads and Trails 
in the geographic area included in this study proposal: 1) the United States Department of 
Agriculture, Forest Service (Forest Service) on National Forest System (NFS) land. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      
 

3.0 Study Goals and Objectives 
 
The goal of this study is to characterize and evaluate the Primary Project Roads and Trails and 
determine if continued use, operations and maintenance of Primary Project Roads and Trails 

                                                 
1  Licensee believes Primary Project Roads and Trails in this study proposal include roads and trails directly connected to Project 

recreation facilities, but not the roads and trails within the recreation areas.  Roads and trails within the FERC Project 
Boundary that are considered part of the recreation facility are addressed in YCWA’sthe  Recreation Use and Visitor Surveys 
Study Proposal(Study 8.1). 
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would result in adverse effects on the environment.  The objective of the study is to gather 
information necessary to meet the study goal.2 
 

4.0 Existing Information and Need for Additional 
 Information 
 
4.1  Primary Project Roads 
 
Each Primary Project Road is described below, and summarized in Table 4.1-1 at the end of this 
study proposal. 
 
4.1.1  To Our House Diversion Dam and Impoundment 
 
LicenseeYCWA’s primary access to Our House Diversion Dam and Lohman Ridge Diversion 
Tunnel Intake is from Sierra Pacific Industries (SPI) Ridge Road.  Our House Diversion Dam 
Road, which is entirely within the FERC Project Boundary, extends 1.84 miles from Ridge Road 
to Our House Diversion Dam.  The road is paved, about 12 feet wide, and includes two short 
segments on NFS land with the remainder of the road on private land.  The road is gated by 
LicenseeYCWA at the intersection with Ridge Road, but the gate is usually open.  Locks on this 
gate allow access by employees of YCWA and Tahoe National Forest (TNF).  LicenseeYCWA 
maintains another gate on the road about 500 feet upstream of the dam, and this gate is locked 
except for LicenseeYCWA’s access, which includes about one 4-wheel-drive vehicle trip each 
day.  LicenseeYCWA maintains Our House Diversion Dam Road.  The road is not plowed for 
snow nor does LicenseeYCWA traverse the road using snow cats or snowmobiles.   
 
The sections of Our House Diversion Dam Road on NFS land have not been assigned Forest 
Service road numbers or maintenance levels.  The TNF has not issued LicenseeYCWA a special 
use permit (SUP) for use of the road. 
 
LicenseeYCWA considers Our House Diversion Dam Road to be a Primary Project Road.  There 
are no other Primary Project Roads associated with Our House Diversion Dam and 
Impoundment and Lohman Ridge Diversion Tunnel Intake. 
 
4.1.2  To Log Cabin Diversion Dam and Impoundment 
 
LicenseeYCWA’s primary access to Log Cabin Diversion Dam and Camptonville Diversion 
Tunnel Intake is from State Highway 49.  Log Cabin Diversion Dam Road, which is entirely 
within the FERC Project Boundary, extends 1.19 miles from Highway 49 to Log Cabin 
Diversion Dam.  The road is paved, about 12 feet wide, and includes two short segments on NFS 
land with the remainder on LicenseeYCWA-owned and private land.  The road is gated by 

                                                 
2  While not a part of this study, Licensee anticipates that the study will develop information necessary for YCWALicensee and 

Forest Service to develop a Road Management Plan for Primary Project Roads on NFS land.  The goal of the plan will be to 
provide for a safe, convenient, efficient, sustainable and environmentally sound Primary Project Roads and Trails system.  
Licensee anticipates consulting with the Forest Service to develop this plan prior to YCWALicensee filing its Draft License 
Application, though as stated above, development of the plan is not part of this study. 
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LicenseeYCWA at the intersection with Highway 49, and the gate is locked at all times except 
for LicenseeYCWA’s access, which includes about one 4-wheel-drive vehicle trip each day.  
Locks on this gate allow access by employees of YCWA and TNF.  LicenseeYCWA maintains 
Log Cabin Diversion Dam Road.  The road is not plowed for snow nor does LicenseeYCWA 
traverse the road using snow cats or snowmobiles.   
 
LicenseeYCWA accesses the Lohman Ridge Diversion Tunnel Outlet, which is located on the 
south bank of the upstream end of Log Cabin Diversion Dam Impoundment, via a dirt spur road 
that extends along the north bank of the impoundment about 500 feet from the dam to the tunnel 
outlet.  The unimproved dirt roadway was developed for the construction of the tunnel, but lies 
on the opposite side of the tunnel outlet.  LicenseeYCWA does not normally use the road for 
vehicular access to the tunnel (i.e., only as a footpath for inspection) unless needed, which is a 
rare event.  The dirt road is entirely within the FERC Project Boundary and on NFS land.   
 
The sections of Log Cabin Diversion Dam Road and dirt spur road on NFS land have not been 
assigned Forest Service road numbers or maintenance levels.  The TNF has not issued 
LicenseeYCWA a SUP for the road use. 
 
LicenseeYCWA considers Log Cabin Diversion Dam Road and the dirt spur road to be Primary 
Project Roads.  There are no other Primary Project Roads associated with Log Cabin Diversion 
Dam and Impoundment, the Camptonville Diversion Tunnel Intake and the Lohman Ridge 
Diversion Tunnel Outlet.   
 
4.1.3  To Garden Point Cove on New Bullards Bar Reservoir 
 
With the permission of the Forest Service, LicenseeYCWA stacks and burns woody debris 
collected from the surface of New Bullards Bar Reservoir in Garden Point Cove.  Currently, this 
is the only location at which LicenseeYCWA disposes of debris collected from the surface of the 
reservoir.  LicenseeYCWA accesses Garden Point Cove via Garden Valley Road.  Garden 
Valley Road is accessable by Young Hill Road or Pendola Road from State Highway 49.  
Garden Valley Road is about 3.5 miles long, 12 feet wide, graveled, and improved by 
LicenseeYCWA for its use with access through a locked Forest Service gate.  Access is granted 
annually by the Forest Service only for debris disposal for a specific period of time.  Public 
access is restricted by the Forest Service as there are nesting bald eagles in the area.  During the 
two to three weeks each year during debris disposal, LicenseeYCWA makes about two vehicular 
trips per day to the site. The road is not plowed for snow nor does Licensee  traverseYCWA 
traverse the road using snow cats or snowmobiles.   
 
During the limited period when LicenseeYCWA uses Garden Valley Road for the sole purpose 
of debris disposal, LicenseeYCWA considers Garden Valley Road to be a Primary Project Road.  
LicenseeYCWA does not consider Garden Valley Road a Primary Project Road for those times 
of year when the road is not used by LicenseeYCWA and would not consider the road a Primary 
Project Road if the Forest Service denied LicenseeYCWA use of Garden Point Cove for the 
disposal of debris. 
 
  There are no other Primary Project Roads associated with New Bullards Bar Reservoir.   
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4.1.4  To Downstream Face of New Bullards Bar Dam 
 
LicenseeYCWA’s primary access to the downstream face of New Bullards Bar Dam is from 
Marysville Road.3  The New Bullards Bar Dam Road is 1.08 miles long and on land owned by 
YCWA with the exception of a switchback which is on private land.  About the first 0.9 mile of 
the road is not within the FERC Project Boundary, but the remainder of the road is within the 
boundary.  The road is steep, paved, about 12 feet wide, and gated by LicenseeYCWA at the 
intersection with Marysville Road.  The gate is locked at all times except for LicenseeYCWA’s 
access, which includes about two 4-wheel-drive vehicle trips each day.  LicenseeYCWA 
maintains New Bullards Bar Dam Road.  The road is not plowed for snow, and LicenseeYCWA 
does not use snow cats or snowmobiles on the road. 
 
LicenseeYCWA also maintains a 640 foot long, paved spur road off the New Bullards Bar Dam 
Road that provides access to the upstream end of the New Colgate Powerhouse Penstock where 
it exits the dam face.  This spur road is entirely on YCWA-owned land, within the FERC Project 
Boundary and maintained by LicenseeYCWA. 
 
LicenseeYCWA considers New Bullards Bar Dam Road and the paved spur road to be Primary 
Project Roads.  There are no other Primary Project Roads associated with New Bullards Bar 
Dam.   
 
4.1.5  To New Colgate Penstock Guard Valve 
 
LicenseeYCWA’s primary access to the New Colgate Penstock Guard Valve, the location where 
the New Colgate Power Tunnel daylights and connects with the New Colgate Penstock, is from 
the Colgate Haul Road off of Lake Francis Road.  The Colgate Haul Road has a gravel surface, is 
about 0.5 mile long and is 12 feet wide.  The first 0.3 mile of the  roadthe road is on private 
property and the final portion is owned by the YCWA.  The road is gated and locked with 
LicenseeYCWA’s, PG&E’s and local landowner’s locks at the intersection of Lake Francis 
Road. The road is accessed twice weekly by a 4-wheel drive vehicle and maintained by the 
LicenseeYCWA.  The road is not plowed for snow nor does Licensee  traverseYCWA traverse 
the road using snow cats or snowmobiles.   
 
LicenseeYCWA considers Colgate Haul Road to be a Primary Project Road.  There are no other 
Primary Project Roads associated with New Colgate Guard Valve.   

                                                 
3  A short section of Marysville Road before it reaches New Bullards Bar Dam is included within the FERC Project Boundary.  

This is not a primary Project Road since it is used by many vehicles, the majority of which are not related to the Project.  
Licensee intends to propose removal of this section of Marysville Road from the FERC Project Boundary in its Application for 
New License. 
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4.1.6  To New Colgate Penstock 
 
LicenseeYCWA’s primary access to the New Colgate Penstock occurs over five short roads, 
each of which is described below.  LicenseeYCWA considers each of these roads to be Primary 
Project Roads. 
Penstock Access Road #1 
 
Penstock Access Road #1 accesses the valve turn-out for the Brown’s Valley Irrigation District 
(BVID) ditch.  The access is from the south side of Lake Francis Road.  Penstock Access Road 
#1 has a gravel surface, is about 0.22 mile in length, and is 12 feet wide.  The road in its entirety 
is on property owned by YCWA.  The road is gated and locked with the LicenseeYCWA’s lock 
at the intersection of Lake Francis Road.  The road is accessed once weekly by a 4-wheel drive 
vehicle and maintained by LicenseeYCWA.  The road is not plowed for snow nor does the 
LicenseeYCWA traverse the road using snow cats or snowmobiles. 
 
Penstock Access Road #2 
Access Road #2 accesses the penstock from the south side of Lake Francis Road.  Penstock 
Access Road #2 has a gravel surface, is about 0.08 mile in length, and is 12 feet wide.  The road 
in its entirety is on property owned by YCWA.  The road is gated and locked with  
LicenseeYCWA’s lock at the intersection of Lake Francis Road.  The road is accessed once 
weekly by a 4-wheel drive vehicle and maintained by the LicenseeYCWA.  The road is not 
plowed for snow nor does the LicenseeYCWA traverse the road using snow cats or 
snowmobiles. 
 
Penstock Access Road #3 
This road also provides access to the penstock from the south side of Lake Francis Road.  
Penstock Access Road #3 has a dirt surface, is about 0.10 mile in length, and is 12 feet wide.  
The road in its entirety is on property owned by YCWA.  The road is gated and locked with  
LicenseeYCWA’s lock at the intersection of Lake Francis Road.  The road is accessed twice 
annually by a 4-wheel drive vehicle and maintained by the LicenseeYCWA.  The road is not 
plowed for snow nor does the LicenseeYCWA traverse the road using snow cats or 
snowmobiles. 
 
Penstock Access Road #4 
The access is from the south side of Lake Francis Road.  Penstock Access Road #4 has a dirt 
surface, is about 0.15 mile in length, and is 12 feet wide.  The road in its entirety is on property 
owned by YCWA.  The road is gated and locked with LicenseeYCWA’s lock at the intersection 
of Lake Francis Road.  The road is accessed once monthly by a 4-wheel drive vehicle and 
maintained by the LicenseeYCWA.  The road is not plowed for snow nor does the 
LicenseeYCWA traverse the road using snow cats or snowmobiles. 
 
Colgate Tunnel Lane 
LicenseeYCWA’s primary access to the New Colgate Tunnel Surge Chamber, the location 
where the New Colgate Power Tunnel Air Shaft daylights, is off of Lake Francis Road.  The 
Colgate Tunnel Lane has a gravel surface, is about 0.85 mile long and is 14 feet wide.  About the 
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first 0.50 mile of the  road is on private property and the final portion is owned by the YCWA.  
The road is gated and locked with LicenseeYCWA’s and local landowner’s locks at the property 
boundaries along Colgate Tunnel Lane.  The road is accessed once monthly by a 4-wheel drive 
vehicle.  Portions of the road are maintained by the LicenseeYCWA and other portions 
maintained by other property owners.  The road is not plowed for snow nor does 
LicenseeYCWA  traverse the road using snow cats or snowmobiles.   
 
4.1.7  To New Colgate Powerhouse 
 
LicenseeYCWA’s access to New Colgate Powerhouse is by the Lake Francis Road, which 
branches from the Old Dobbins Road, off of Marysville Road.  Lake Francis Road is 3.5 miles 
long,  paved, 14 feet wide, and maintained by Yuba County.  The final 1.5 miles is paved, 12 feet 
wide, and maintainted by LicenseeYCWA.  Public access to the North Yuba River above and 
below the New Colgate Powerhouse is available from Lake Francis Road.  This road is accessed 
daily by plant personnel, and may have as many as 30 vehicles per day travel on it, including 
heavy dump trucks and crane trucks.  The road terminates at the fenced yard to the powerhouse. 
The road is not plowed for snow nor does LicenseeYCWA  traverse the road using snow cats or 
snowmobiles.   
 
LicenseeYCWA does not consider the Lake Francis Road to be a Primary Project Road because 
it is used by many parties for various purposes, including PG&E.   
 
4.1.8  To Narrows 2 Powerhouse and Intake 
 
LicenseeYCWA’s primary access to the Narrows 2 Powerhouse is from Scott Forbes Road.  
Narrows 2 Powerhouse Road, which is entirely within the FERC Project Boundary, extends 2.17 
miles from Scott Forbes Road to Narrows 2 Powerhouse.  The road is paved, about 12 feet wide, 
and located on land owned by the State of California, USACE, and YCWA.  The road is gated 
by LicenseeYCWA at the intersection with Scott Forbes Road, and the gate is locked at all times 
except for LicenseeYCWA’s access and by other parties with an interest in the land beyond the 
gate.  LicenseeYCWA accesses the powerhouse about twice per month by 4-wheel-drive 
vehicles.  LicenseeYCWA maintains the Narrows 2 Powerhouse Road.  The road is not plowed 
for snow nor does LicenseeYCWA traverse the road using snow cats or snowmobiles. 
 
LicenseeYCWA also maintains a 0.18-mile-long spur section of gravel road from Narrows 2 
Access Road to Narrows 2 Intake, which is located on the north bank of USACE’s Englebright 
Dam near the dam.     
 
The USACE issued LicenseeYCWA a right-of-way easement in 1975 for the Narrows 2 
Powerhouse and Intake access roads.  The easement does not have a termination date. 
 
LicenseeYCWA considers the Narrows 2 Access Road and spur roads to be Primary Project 
Roads.  There are no other Primary Project Roads associated with the Narrows 2 Powerhouse 
and Intake. 
 
4.2  Primary Project Trails 
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Each Primary Project Trail is described below. 
 
4.2.1  To New Bullards Bar Dam Compliance Monitoring Stream Flow Gage 
 
LicenseeYCWA’s primary access to the New Bullards Bar Dam compliance monitoring stream 
flow gage is from New Bullards Bar Dam Road.  The access trail, which is partially within the 
FERC Project Boundary and on YCWA-owned land, extends about 300 yards from New 
Bullards Bar Dam Road to the gage located downstream near the old Bullards Bar Dam that was 
constructed in 1903.  The trail is dirt and cobble, about 8 feet wide, and runs along the grade of 
the road that accessed the old dam.  The trail is not maintained.  LicenseeYCWA accesses the 
stream flow gage by foot about three times each month.    
 
LicenseeYCWA considers the trail to be a Primary Project Trail.   
 
4.2.2  To Narrows 2 Compliance Monitoring Stream Flow Gage 
 
LicenseeYCWA’s primary access to the Narrows 2 Powerhouse compliance monitoring stream 
flow gage is from the Narrows 2 Powerhouse Access Road.  The access trail, which is partially 
within the FERC Project Boundary and on YCWA-owned land and public land managed by the 
USACE, extends downstream about 400 yards from Narrows 2 Powerhouse to the gage.  The 
trail is dirt, about 3 feet wide, and runs along the side of the stream.  The trail is not maintained.  
LicenseeYCWA accesses the stream flow gage by foot about once each month.    
 
LicenseeYCWA considers the trail to be a Primary Project Trail.   
 
If existing information is not adequate to meet the goal of the study, additional information will 
be obtained.  Information necessary to address the study goal includes a current assessment of 
the condition of each Primary Project Roads and Trails. 
 

5.0 Study Methods and Analysis 
 
5.1  Study Area 
 
The study area consists of areas within and adjacent to the existing FERC Project Boundary, and 
includes an area of influence about 30 feet on either side of the centerline of each   Primary 
Project Road and an area of influence about 15 feet on either side of the centerline of each 
Primary Project Trail listed above in Section 4.1.  Approximate locations of Primary Project 
Roads and Trails can be seen in Attachment D, Project Maps, of YCWA’s PAD (YCWA 2010). 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2  General Concepts and Procedures 
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The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. GIS maps 
will be provided to agencies in a form, such as ESRI Shapefiles, GeoDatabases, or Coverage 
with appropriate metadata, that is useful for interactive data analysis and interpretation.  
Metadata will be Federal Geographic Data Committee (FGDC) compliant.4 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g., Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g., zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 

                                                 
4 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   
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between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3  Study Methods5 
 
The study will be performed in four steps: 1) assess condition of Primary Project Roads and 
Trails; 2)  consult with Licensee’s Operations Staff; 3) assess effects; and 4) prepare report.  
Each step is described below. 
 
5.3.1 Step 1 – Assess Condition of  Primary Project Roads and Trails.   
 
5.3.1.1  Primary Project Roads 
 
A professional engineer and qualified scientist will visit each Primary Project Road described in 
Section 4.1 to assess the road’s condition and identify obvious signs and potential risks of 
environmental damage.  If a road is on land managed by the Forest Service that has an 
established maintenance level for the road, the engineer will become familiar with those 
maintenance level requirements prior to the field assessment.  Assessments will be made in 
comparison to those Forest Service Maintenance Levels, Forest Service Traffic Service Levels 
and industry standards for similar type roads.  In addition, if the Forest Service has established a 
published protocol that Forest Service staff uses in performing similar condition assessments of 
roads the Forest Service maintains, LicenseeYCWA will follow that protocol or equivalent.  For 
those roads on NFS land, LicenseeYCWA will invite the Forest Service’s road engineer to 
participate in the field condition assessment of the road.  Items to be assessed in the field 
condition assessment will include: 
 
 List, map and confirm lengths and widths, traffic levels, traffic classification, seasons of use 

and LicenseeYCWA’s use of each Primary Project Road.  The confirmation will not entail 
any land survey work, but will utilize field GPS equipment as noted in Section 5.2 above and 
best estimate by field staff during the condition assessment. 

 Assess the condition and confirm travel surface treatment and useful life of all Primary 
Project Roads (e.g., dirt, gravel, paved, or combination of those). Determine pavement 
conditions using the industry standard Pavement Management System (PMS), if applicable to 
the use level of the road.  

 Assess the condition and confirm the size and location of culverts and other drainage 
structures (note location by mile post and GPS). 

 List and map bridges or other water crossings (note location by mile post and GPS). 

 Assess the condition and confirm the location of traffic control devices, safety features, 
directional, warning and information signage including Project signs maintained by the 

                                                 
5  As described in footnote 1, this study does not include roads and trails which are part of Project recreation areas.  These roads 

and trails are addressed in YCWA’s Recreation Use and Visitor Surveys Study (Study 8.1).  However, as described in Study 
8.1, YCWA intends to assess to the extent applicable the condition of the recreation area roads and trails listed in Study 8.1 
using the methods described in Study 9.1.  
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LicenseeYCWA along public roads (photograph each) and compliance of those 
LicenseeYCWA-maintained signs with current Manual on Uniform Traffic Control Devices 
(MUTCD) standards. 

 List, map and assess the condition of gates or other man-placed traffic exclusion (e.g., 
boulders) structures (photograph each). 

 Identify size and location of existing hazard trees. 

 Identify and map sub-standard, unsafe or hazardous traffic conditions such as site clearing 
(e.g., blind spots and poor sight distances), inadequate clear zones, using the appropriate 
American Association of State Highway and Transportation Officials (AASHTO) standards 
for the speeds and traffic levels.  

 Identify and map the location of slope instability along the travel way or that may affect the 
road.  This will not include any geotechnical or ground disturbing activities, but best estimate 
by field engineer staff during the condition assessment. 

 

 Estimate LicenseeYCWA’s typical use of the Primary Project Road (i.e., this is an estimate 
of LicenseeYCWA’s use, not a traffic count survey). 

 
5.3.1.2  Primary Project Trails 
 
The professional engineer and qualified scientist (and Forest Service staff, should they choose to 
participate) will visit each Primary Project Trail to assess the trail’s condition and identify 
obvious signs  and potential risks for environmental damage.  If a trail is on land managed by the 
Forest Service and the Forest Service has established a maintenance level for the trail, the 
engineer will become familiar with those maintenance level requirements prior to the field 
assessment.  In addition, if the Forest Service has established a published protocol that Forest 
Service staff uses in performing similar condition assessments of trails the Forest Service 
maintains, LicenseeYCWA will follow that protocol.  Items to be assessed in the field condition 
assessment of Primary Project Trails will include: 
 
 Length and width of each Primary Project Trail listed above.  The confirmation will not 

entail any land survey work, but will utilize field GPS equipment as noted in Section 5.2 
above and best estimate by field staff during the condition assessment. 

 Travel surface 

 Drainage structures 

 Bridges or other water crossings (photograph each) 

 Side drainages 

 Information signage (photograph each) 

 Slope instability along the travel way or that may affect the trail.  This will not include any 
geotechnical or ground disturbing activities, but best estimate by field staff during the 
condition assessment. 
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5.3.1.3  Assessments 
 
The engineer will inventory and characterize the conditions and features of each Primary Project 
Road and Trail using industry standards (e.g., AASHTO, MUTCD, PMS), as appropriate.  The 
condition of features listed above will be categorized as “excellent,” “good” or “poor” and in 
compliance with applicable established standards as they apply to the level of the road and, for 
the purpose of roads and trails on NFS land, similar roads and trails (i.e., same Maintenance 
Level) in the general area and as described in existing agency protocols.  The engineers’ report 
will include criteria used for each of the three categories.  Any feature characterized as “poor” or 
not in compliance with applicable standards will be accompanied in the report by a brief 
description of the condition or circumstances and illustrative photographs.  Features that the 
engineer considers as in “excellent” or “good” condition will not be described in the report – 
only the condition will be noted.  The location of all culverts, bridges, low water crossings, gates 
and intersections with other roads or trails will be identified with GPS coordinates, which will be 
included on LicenseeYCWA’s Relicensing Geographic Information System (GIS) database.  
Any obvious signs or imminent risk of environmental degradation (e.g., sediment build up in 
nearby watercourses and unusual number of dead or dying trees on road side) will also be 
described in the report, including the GPS location and illustrative photographs. 
 
5.3.2  Step 2 – Consult with Licensee’s Project Operations Staff 
 
LicenseeYCWA’s study engineer will meet with Project Operations Staff to prepare a brief 
description of LicenseeYCWA’s short- and long-term maintenance procedures for Primary 
Project Roads and Trails.  The discussion will include a general assessment of the current useful 
remaining life of major features (i.e., not minor features such as waterbars).  Where the Primary 
Project Road or Trail under discussion occurs on NFS land, the Forest Service will be invited to 
participate in the discussion. 
 
5.3.3 Step 3 – Assess Potential Environmental Effects, Condition and Consistency 

with Applicable Standards 
 
Based on the above information and in manner consistent with the study criteria described in 
Section 4.0, LicenseeYCWA will assess the potential effects of use of Primary Project Roads and 
Trails on environmental resources.  Based on the above information and in a manner consistent 
with the study criteria described in Section 4.0, LicenseeYCWA will assess the condition and the 
consistency the of Primary Project Roads and Trails with applicable AASHTO, MUTCD and 
Forest Service Standards for LicenseeYCWA’s current traffic uses and traffic levels.  Note that 
at this time, LicenseeYCWA does not propose any changes to the Project that would change 
LicenseeYCWA’s use of Primary Project Roads and Trails.  Where the Primary Project Road or 
Trail under discussion occurs on NFS land, the Forest Service will be invited to participate in the 
assessment. 
 
5.3.4  Step 5 – Prepare Report 
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 LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods and Analysis; 3) Results; 4) Discussion; and 5) Description of Variances 
from the FERC-approved study proposal, if any. 
 

6.0 Study-Specific Consultation 
 
The study includes the following study-specific specific consultation: 
 
 LicenseeYCWA will invite Forest Service road engineers to accompany LicenseeYCWA’s 

engineer and scientist into the field to observe the Primary Project Roads and Trails condition 
assessment for Primary Project Roads and Trails on NFS land. 

 LicenseeYCWA will invite Forest Service road engineers to participate in the discussion with 
Project Operations sStaff regarding current maintenance activities for Primary Project Roads 
and Trails on NFS land. 

 LicenseeYCWA will invite Forest Service road engineers to participate in the discussion 
regarding potential Project effects for Primary Project Roads and Trails on NFS land. 

7.0 Schedule  
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify Primary Project Roads and Trails (Step 1) ..................................................... October 2011 
Assess Conditions (Step 2) ................................................................. November 2011 – June 2012 
Consult with Operations Staff (Step 3) .............................................................................. July 2012 
Assess Effects (Step 4) ................................................................................................. August 2011 
Study Report Preparation (Step 5) ............................................................ August - September 2012 
 

8.0  Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $13,000 
and $17,000.  
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Table 9.1-1.  Summary of Project facility operation and maintenance primary roads and trails.  

Project Facilities Road Description Trails Description 
In FERC 
Boundary 
(Yes/No) 

Ownership  
Private/Public/Mixed 

Width  
(feet) 

Surface Gated (Yes/No) 
Licensee  

Trip Frequency 
Snowmobile Use, 
Plowed (Yes/No) 

Primary Access 
Road or Trail 

(Yes/No) 

Our House Diversion Dam and 
Impoundment and Lohman Ridge 
Diversion Tunnel Intake 

Accessed from Sierra Pacific Industries' 
Ridge Road.  1.84 miles to Our House 
Diversion Dam 

--  Yes 
Mixed, two segments on Forest Service  
land, no Forest Service number or SUP 

12 Paved 

Yes 
at intersection of 
Ridge Road and 

500 feet upstream 
of Dam 

1 RT/ day No Yes 

Log Cabin Diversion Dam and 
Impoundment 

From State Route 49 via Log Cabin 
Diversion Dam Road 1.19 miles 

-- Yes 
Mixed, 2 segments on Forest Service 
land, no Forest Service number or SUP 

12 Paved 
Yes, at intersection 
of State Route 49 

1 RT/ day No Yes 

Lohman Ridge Diversion Tunnel Outlet 

Accessed by spur road along the north 
bank of the Log Cabin Diversions Dam 
Impoundment about 500 feet from the 
dam to the tunnel. 

-- Yes 
Public, on Forest Service land, no 
Forest Service number or Special Use 
Permit 

NA Unpaved 
No, used as 

footpath 
NA NA Yes 

Garden Point Cove on New Bullards 
Bar Reservoir 

Garden Point Cove is accessed via 
Garden Valley Road (approximately 3.5 
miles long) from State Route 49 then 
Young Hill Road (aka Pendola Road) 
and Garden Point Cove. The site is for 
seasonal debris disposal. 

--  Partially Public, on Forest Service land 12 Unpaved 
Yes 

controlled by 
Forest Service 

2RT/ day during up 
to 3 weeks/year per 

Forest Service 
requirements. 

No Yes 

Downstream Face of New Bullards Bar 
Reservoir 

Accessed from Marysville Road to New 
Bullards Bar Dam Road 1.08 miles 

-- 

Yes, however the 
first 0.9 mile of 
road is not in 
boundary 

Mixed, Licensee and other private 
landowner 

12 Paved 
Yes 

at Marysville Road 
2RT/ day No Yes 

New Colgate Powerhouse Penstock 
Accessed from New Bullards Bar Dam 
Road, 640 ft long 

-- Yes Mixed, private and Licensee  NA Paved NA NA NA Yes 

New Colgate Penstock Guard Valve 
Accessed from Colgate Hall Road off of 
Lake Francis Road approximately 0.5 
mile long 

--  Partially 
Mixed, Licensee and other private land 
owner (first 0.3 mile) 

12 Unpaved 

Yes 
by Licensee, 

private property 
owner and PG&E. 

2 RT/ weekly No Yes 

New Colgate Powerhouse 
Accessed from Lake Francis Road 
(approximately 3.5 miles long) off of 
Old Dobbins Road via Marysville Road 

-- Partially 
Public, first 2.0 miles is maintained by 
Yuba County, and the last 1.5 miles is 
maintained by Licensee. 

14 feet, first 2.0 
miles; 12 feet, last 
1.5 miles 

Paved No 1RT/ day No No 

Narrows 2 Powerhouse and Intake 

Accessed from Scott Forbes Road 2.17 
miles to facility.  Also a 0.18 mile long 
spur section from Narrows 2 Access to 
Narrows 2 Intake at Englebright Dam 

-- Yes 

Public, State of California, USACE, 
and Licensee. USACE issued Licensee 
a Right of Way Easement in 1975 for 
the access roads and has no termination 
date. 

12 Paved 
Yes, at Scott 
Forbes Road 

2 RT/ month No Yes 

 New Bullards Bar Dam Compliance 
Monitoring Stream Flow Gage 

-- 
Accessed from New Bullards Bar 
Dam Road, about 300 yards from the 
road to the gage station. 

Partially Public, Licensee 8 
Unpaved, not 
maintained 

No 
3RT/month (by 

foot) 
No Yes 

Narrows 2 Compliance Monitoring 
Stream Flow Gage 

-- 
Accessed from Narrows 2 
Powerhouse Access Road, about 400 
yards from the powerhouse. 

Partially Public, USACE and Licensee 3 
Unpaved, not 
maintained 

No 1RT/month No Yes 

--  = not applicable 
NA = not available 
RT = Round Trip 
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Study 10.1 

VISUAL QUALITY ON FEDERAL LAND 
AugustApril 2011 

 

1.0 Project Nexus and Issue 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the Yuba River Development Project (Project) may have an effect on visual quality. 
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
LicenseeYCWA believes that one agency has jurisdiction over visual quality in the geographic 
area included in this study proposal: 1) the United States Department of Agriculture, Forest 
Service (Forest Service) on National Forest System (NFS) land. 
 
Forest Service 
The Forest Service’s jurisdiction and applicable management goals are described by the Forest 
Service from page 59 to 76 in the Forest Service’s March 2, 2011 letter to FERC providing the 
Forest Service’s comments on YCWA’s Pre-Application Document, or PAD (YCWA 
2010)PAD.  The Forest Service’s jurisdiction and management goals are not repeated here.      

 

3.0 Study Goal and Objectives 
 
The goal of the study is to identify known adverse visual quality effects due to continued O&M 
of the Project.  The objectives of the study are to identify, map, and describe United States 
Department of Agriculture Forest Service (Forest Service) inventories associated with Project 
facilities and features on public land managed by the Forest Service, and document the existing 
visual condition (EVC) of all Project facilities and features from associated viewsheds on public 
land managed by the Forest Service. 
 

4.0 Existing Information and Need for Additional 
Information 

 
Section 7.10.4 of YCWALicensee’s Pre-Application DocumentPAD describes in detail for each 
Project facility or feature: the form of access to the facility or feature; relationship to the land 
form; the surrounding area’s outstanding visual features; predominant vegetation in the Project 
Vicinity;1 visibility from the surrounding area; relative number of viewers that can normally see 
the facility or feature; and the Forest Service  visual quality management objectives applicable to 
the area of the Project facility or feature.  The Forest Service currently uses the Visual 
Management System (VMS) to address aesthetic resources.  The VMS information is found in 
                                                 
1  For the purposes of the relicensing, the Project Vicinity is defined as the area surrounding the Project in the order of a county 

or United States Department of Interior (USDOI), United States Geological Survey (USGS) 1:24,000 topographic quadrangle. 
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the Land and Resource Management Plans for the Tahoe National Forest (TNF) and the Plumas 
National Forest (PNF) (USDA-FS 1998, 1990). 
 
Existing information is not adequate to meet the goal of the study for public land administered by 
the Forest Service because the Forest Service inventories and objectives associated with the 
Project have not been mapped and described. 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area includes all Project facilities and features on public land administered by the 
Forest Service, and their associated viewsheds.  The viewsheds include travel routes, recreation 
areas, and water bodies from which the Project facilities and features on NFS land are visible to 
the public.  The primary Project facility to be assessed is New Bullards Bar Dam and the 
facilities associated with the dam.  Our House Diversion Dam and Log Cabin Diversion Dam 
will be assessed only to the degree they are visible from sensitivity level 1 and 2 routes and 
recreation use areas. 
 
The following travel routes, recreation areas and water bodies have been identified as potentially 
viewing Project facilities and features: 
 
 County Route 8 also referred to as Marysville Road 

 Dark Day Campground and Boat Launch 

 Cottage Creek Boat Launch 

 Bullards Bar Reservoir Vista Point (Picnic Site) 

 Madrone Cove Campground 

 Garden Point Campground 

 Bullards Bar Reservoir 
 Cottage Creek Campground  
 Burnt Bridge Campground  (closed site – has potential to be opened in future) 
 Moran Road as it terminates at New Bullards Bar Reservoir 
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition.  In addition,  
 
iIf additional Pproject facilities, features, recreation facilities, or dispersed concentrated use areas 
outside the study area are identified, the study area will be expanded, if necessary, in 
collaboration with Relicensing Participants, to include these areas. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
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 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using either a Map Grade Trimble 
GPS (sub-meter data collection accuracy under ideal conditions), a Recreation Grade Garmin 
GPS unit (3 meter data collection accuracy under ideal conditions), or similar units.  GPS 
data will be post-processed and exported from the GPS unit into Geographic Information 
System (GIS) compatible file format in an appropriate coordinate system using desktop 
software. The resulting GIS file will then be reviewed by both field staff and Licensee’s 
relicensing GIS analyst.  Metadata will be developed for deliverable GIS data sets. Upon 
request, GIS maps will be provided to agencies in a form, such as ESRI Shapefiles, 
GeoDatabases, or Coverage with appropriate metadata, that is useful for interactive data 
analysis and interpretation.  Metadata will be Federal Geographic Data Committee (FGDC) 
compliant.2 

 Licensee’s field crews will record incidental observations of aquatic and wildlife species 
observed during the performance of this study.  All incidental observations will be reported 
in the appropriate Licensee report (e.g., incidental observations of special-status fish recorded 
during fieldwork for the Special-Status Turtles – Western Pond Turtle Study will be reported 
in Licensee’s Stream Fish Populations Study report).  The purpose of this effort is not to 
conduct a focus study (i.e., no effort in addition the specific field tasks identified for the 
specific study) or to make all field crews experts in identifying all species, but only to 
opportunistically gather data during the performance of the study.   

 Field crews will be trained on and provided with materials (e.g. Quat) for decontaminating 
their boots, waders, and other equipment between study sites.  Major concerns are amphibian 
chytrid fungus, and invasive invertebrates (e.g. zebra mussel, Dreissena polymorpha).  This 
is of primary importance when moving: 1) between tributaries and mainstem reaches; 2) 

                                                 
2 The Forest Service and CDFG each have requested that a copy of the GIS maps be provided to them when the maps are 

available.   



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Visual Quality on Federal Land RevisedProposed Study Plan AugustApril 2011 
Page 4 of 6 ©2011, Yuba County Water Agency 

between basins (e.g. Middle Yuba River, Yuba River, and North Yuba River); and 3) 
between isolated wetlands or ponds and river or stream environments. 

 
5.3 Study Methods 
 
The study will be performed in three steps: 1) identify facilities to be evaluated; 2) information 
gathering and mapping; and 3) prepare report.  Each of these steps is described below. 
 
5.3.1 Step 1 – Identify Facilities to Evaluate 
 
In this step, Licensee will first document all existing Project facilities and features and in 
consultation  with the Forest Service, to finalize the list of facilities that will be evaluated in the 
study.  The preliminary list of potential viewing opportunities is provided in Section 5.1.   
 
5.3.2 Step 2 – Information Gathering and Mapping 
 
For the list of facilities identified in Step 1, LicenseeYCWA will perform the following:    
 
 In consultation with the Forest Service, identify and map all sensitivity level 1 and 2 

viewsheds in the study area associated with the Project facilities identified in Step 1.   

 Map and summarize the TNF and PNF Visual Quality Objectives (VQOs) in the study area. 

 Identify and summarize the TNF and PNF Land and Resource Management Plan (LRMP) 
direction associated with the VMS inventories relative to the Project facilities identified in 
Step 1.     

 Map the location of the Project facilities identified in Step 1 with respect to their associated 
viewsheds and VMS inventories including VQOs.   

 Summarize variety classes, sensitivity levels, distance zones, and Recreation Opportunity 
Spectrum (ROS) in table format. 

 Document the existing visual conditions (EVC) of Project facilities identified in Step 1. 

 In consultation with the Forest Service, identify Key Observation Points (KOPs) where 
photographs will be taken based on the list of Project facilities identified in Step 1 using 
agreed upon photographic protocols.  Map and describe the location of the KOPs.  Also 
photograph the New Bullards Bar Reservoir from selected points at full pool and lowest 
expected pool during the study period to visually capture seasonal water fluctuations. 
 

5.3.3 Step 3 – Prepare Report 
 
LicenseeYCWA will prepare a report that includes the following sections: 1) Study Goals and 
Objectives; 2) Methods; 3) Results; 4) Discussion; and 5) Description of Variances from the 
FERC-approved study proposal, if any.  The focus of this report will be to assess the existing 
visual condition and document whether that condition meets TNF and PNF LRMP visual 
direction. 
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6.0 Study-Specific Consultation 
 
The study includes the following specific consultation: 
 
 LicenseeYCWA will consult with the Forest Service regarding Project facilities to be 

evaluated. 

 LicenseeYCWA will consult with the Forest Service to identify and map all sensitivity level 
1 and 2 viewsheds in the study area associated with Project facilities to be evaluated. 

 LicenseeYCWA will consult with the Forest Service regarding KOPs. 
 

7.0 Schedule 
 
LicenseeYCWA anticipates the schedule to complete the study as follows assuming FERC issues 
its Study Determination by September 16, 2011 and the study is not disputed by a mandatory 
conditioning agency: 
 
Identify facilities to be evaluated (Step 1)……………………… October 2011 – November 2011 
Information Gathering and Mapping (Step2) …………………............. October 2011 – July 2012 
Report Preparation (Step 3)…………………………………………................July -– September 
August 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
This study is consistent with the goals, objectives, and methods outlined for recent FERC 
hydroelectric relicensing efforts in California. 
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this study in 2011 dollars is between $30,000 and 
$38,000. 
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Study 12.1 

HISTORIC PROPERTIES 
August April 18, 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
historic properties.1 
 
LicenseeYCWA will treat all information regarding the specific locations of cultural resource 
sites2, which include historic properties, as “Privileged and Confidential.”  Without prior 
approval from the Federal Energy Regulatory Commission (FERC), the Global Positioning 
System (GPS) coordinates and maps showing the locations of such resources will not be made 
available to any Relicensing Participant other than FERC, State Historic Preservation Officer 
(SHPO), United States Department of Agriculture, Forest Service (Forest Service) for sites on 
National Forest System (NFS) land, United States Department of Interior (USDOI) Bureau of 
Land Management (BLM) for sites on public land administered by BLM, and tribal chairs or 
designated tribal representatives of the participating federally-recognized tribes.  
 

2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied 

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As provided in 18 CFR § 5.5(e), on January 4, 2011, FERC, the 
lead federal agency for the licensing, designated LicenseeYCWA as FERC’s non-federal 
representative for purposes of initiating consultation under Section 106 of the NHPA and the 
implementing regulations at 36 CFR § 800.2(c)(4). 
 
LicenseeYCWA believes only one agency has jurisdiction over Historic Properties that could 
potentially be affected by Project-related activities, the United States Department of Agriculture, 
Forest Service on National Forest System (NFS) lands. In accordance with 36 CFR § 
800.2(c)(3), “A representative of a local government with jurisdiction over the area in which the 
effects of an undertaking may occur is entitled to participate as a consulting party.” 
 

                                                 
1  As defined under 36 CFR 800.16(l), historic properties are prehistoric or historic sites, buildings, structures, objects, districts, 

or locations of traditional use or beliefs that are included in, or eligible for inclusion in, the National Register of Historic Places 
(NRHP).  Historic properties are identified through a process of evaluation against specific criteria.  For most cultural 
resources evaluated for listing on the NRHP, these criteria are found at 36 CFR 60.4.  

2   This study plan utilizes the term cultural sites to identify any prehistoric or historic district, site, building, structure, object, or 
Traditional Cultural Properties, regardless of its inclusion in or eligibility for inclusion in the National Register of Historic 
Places (NRHP). 
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Additionally, direction for the management of the Plumas National Forest (PNF) is embodied in 
the PNF Land and Resource Management Plan (LMP) (USDA Forest Service, PNF 1988) as 
amended by the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest 
Service, Pacific Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record 
of Decision (SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).  
 
Similarly, direction for management of the Tahoe National Forest (TNF) is embodied in the TNF 
Land and Resource Management Plan (LMP) (USDA Forest Service, TNF 1990) as amended by 
the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest Service, Pacific 
Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record of Decision 
(SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).    
 
Each of these land managing plans takes into account the effects of ground-disturbing activities 
on historic properties.  
 

3.0 Study Goals and Objectives 
 
The goal of the study is to assist FERC in meeting its compliance requirements under Section 
106 of the NHPA, as amended, by determining if licensing of the Project will have an adverse 
effect on historic properties. 
 
The objective of this study is to identify and assess Project effects on historic properties and 
potential historic properties that may be affected by Project O&M, and determining which of 
these resources requires NRHP-eligibility evaluations.  
 

4.0 Existing Information and Need for Additional 
Information 

 
Licensee’s Pre-Application Document liminary Information Package (YCWA 201009) described 
existing, relevant, and reasonably available information regarding cultural resources.  This 
information is summarized below.  
 
4.1 Background Research 
 
To gather existing, relevant, and reasonably available information regarding cultural resources in 
the project vicinity, records searches were performed at State of California repositories in May 
and June 2009 at the North Central Information Center (NCIC) of the California Historical 
Resources Information System (CHRIS) at California State University, Sacramento (CSU, 
Sacramento) and the Northeast Information Center (NEIC) at California State University, Chico 
(CSU, Chico). 
 
The review of 96 previous cultural resources investigations and archival information indicates 
that lands in the FERC Project Boundary and within 0.25 mile of that boundary have been the 
subject of cultural resource investigations for over 40 years. LicenseeYCWA estimates that the 
FERC Project Boundary contains 7,800 acres, of which approximately 4,700 acres 
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(approximately 60%) are within the normal maximum water surface elevation of New Bullards 
Bar Reservoir.  Based on existing and reasonably available information, all but about 2,200 acres 
of the area within the FERC Project Boundary were previously surveyed for cultural resources. 
However, most of those studies are more than 10 years old and/or do not meet current 
professional standards for fieldwork. Table 4.1-1 lists all of the previous cultural resources 
investigations identified within the Project Data Gathering Area (e.g., the FERC Project 
Boundary and 0.25-mile study area surrounding the FERC Project Boundary). 
 
 

Table 4.1-1.  Previous cultural resources investigations within the Project Data Gathering Area. 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Amesbury, Tom 1998 Milk Ranch Timber Harvest Plan NCIC-8412 Yuba Challenge 

Andrews, Steven 2001 YWCA Fire Salvage Timber Harvest Plan NCIC-639 Yuba Challenge 

Banka, William 2001 Pendola Ranch Timber Harvest Plan NCIC-8297 Yuba Camptonville 

Beeson, Allison 1998 Middlebrook Timber Harvest Plan NCIC-789 Yuba French Corral 

Bevill, Russell and 
Heath Browning 

2006 

Strawberry Etals Heritage Resource Inventory, 
Feather River Ranger District, Plumas National 
Forest, Plumas, Sierra, and Yuba Counties, 
California 

NCIC-7537 Yuba Strawberry Valley 

Bjorkman, Philip 1992 McClellan Middle Fork Timber Harvest Plan NCIC-7598 
Nevada, 

Yuba 
Camptonville 

Boardman, Stan 1997 Chute Ravine Timber Harvest Plan NCIC-7859 Yuba Challenge, French Corral 

Boudreauz, Daniel 2006 
An Archaeological Survey Report for the Bullard 
Timber Harvesting Plan, Yuba County, California 

NCIC-8591 Yuba Challenge 

Bystry, Carl 1994 Henry Timber Harvest Plan NCIC-873 Yuba Challenge 

Carr, Rick 2004 
An Archaeological Survey Report for the 
Amendment Area on Section 27 Timber Harvesting 
Plan, Yuba County, California 

NCIC-7146 Yuba Challenge 

Cifelli, Chris 1977 Burnt Bridge Trail NCIC-881 Yuba Challenge 

Compas, Lynn 2004 

Cultural Resource Inventory for Pacific Gas and 
Electric's Proposed Colgate-Smartville #1 60 kV 
Transmission System Replacement Project, Yuba 
County, California 

NCIC-7099 Yuba 
French Corral, Oregon 

House, Smartville 

Compas, Lynn and 
April Van Wyke 

2007 

Cultural Resources Inventory and National Register 
of Historic Places Evaluation of the Narrows 
Substation Transformer Bank Installation, Narrows 
Hydroelectric System (FERC No. 1403), Nevada 
County, California 

NCIC-8665 Nevada Smartville 

Davidson, Dario 1995 Lowman Timber Harvest Plan NEIC-3769 
Sierra, 
Yuba 

Pike and Camptonville 

Davidson, Dario 1995 Lowman Timber Harvest Plan NCIC-8450 Yuba Camptonville 

Davidson, Dario 1999 Bope Timber Harvest Plan NEIC-2733 Sierra Pike and Camptonville 

Davidson, Dario 2002 Tanoak Timber Harvest Plan NCIC-8456 Tuba Strawberry Valley 

Davidson, Dario 2002 59er Timber Harvest Plan NCIC-8318 Yuba Camptonville 

Day, Donna 1983 
Archaeological Reconnaissance Report - Short Form 
- Milk Ranch Mining Claim 

NCIC-8441 Yuba Challenge 

Day, Donna 1984 
Archaeological Reconnaissance of the Race Track 
Mining Claim 

NCIC-8388 Yuba Strawberry Valley 

Day, Donna 1985 
Cultural Resources Inventory Report for the Oregon 
Hill Timber Compartment 

NCIC-8468 Yuba Challenge 

Day, Hollis 1997 Bean Ranch Timber Harvest Plan NCIC-8566 Yuba Clipper Mills 

Day, Hollis 1998 New Bullards Bar Timber Harvest Plan NCIC-827 Yuba Camptonville 

Deal, Krista 1980 
Archaeological Reconnaissance Report, Elbow 
Timber Sale 

NCIC-5608 Yuba Camptonville 

Dwyer, Erin and 
Elena Nilsson 

2004 
Heritage Resource Inventory of the Slapjack DFPZ, 
Plumas National Forest, California 

NCIC-9297 Yuba 
Challenge, Clipper Mills, 

Strawberry Valley 
Ferrier, Douglas 1995 Landsburg/Kerr Timber Harvest Plan NEIC-4865 Sierra Camptonville 

Fogerty, J. 2002 
Heritage Resources Inventory for the Lower Slate 
Defensible Fuel Profile Zone 

NCIC-8406 Yuba Strawberry Valley 

Frey, Richard 1991 Greenville Timber Harvest Plan NCIC-876 Yuba Challenge 



Yuba County Water Agency 
Yuba River Development Project 
FERC Project No. 2246 
 

 
Historic Properties RevisedProposed Study Plan AugustApril 18, 2011 
Page 4 of 22 ©2011, Yuba County Water Agency 

Furlong, Steven 2005 
An Archaeological Survey Report for the Steber 
Timber Harvesting Plan, Nevada County, California 

NCIC-6653 Yuba Challenge 

Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Furlong, Steve 2007 
An Archaeological Survey Report for the Thompson 
Timber Harvesting Plan, Yuba County, California 

NCIC-8733 Yuba Challenge 

Gillett, Lucky 1994 Ruth Timber Harvest Plan NCIC-921 Yuba French Corral 

Gillett, Lucky 1994 Slapjack Timber Harvest Plan NCIC-8562 Yuba Challenge 

Gillett, Lucky 1995 Soroptomist Timber Harvest Plan NCIC-8458 Yuba Camptonville, Challenge 

Gillett, Lucky 2000 Vierra II Timber Harvest Plan NCIC-7882 Yuba Challenge 

Gillett, Lucky 2000 Celestial Valley Ditch Timber Harvest Plan NCIC-8308 Yuba Camptonville 

O’Halloran, Molly 1992 

Cultural Resource Inventory of the Oregon Insect 
Young Growth Special Salvage Timber Sale, Sierra 
County, Downieville Ranger District, Tahoe National 
Forest, Report Number 05-17-1005 

NEIC-1388 
Sierra, 
Yuba 

Goodyear's Bar, 
Camptonville, Pike, 
Strawberry Valley 

Helm, Wayne 1999 
Little Oregon Creek/Fountain House Emergency 
Timber Salvage 

NCIC-7096 Yuba Challenge 

Henrie, LeAnn 1995 
Cultural Resource Inventory for the Bullards Bar 
Underburn, Yuba County, Downieville Ranger 
District, Tahoe National Forest 

NCIC-7632 Yuba Challenge 

Humphreys, Stephen 1967 
The Archaeology of the New Bullard's Bar 
Reservoir, Yuba County, California 

NCIC-517 Yuba Camptonville 

Jensen, Erik 2003 
An Archaeological Survey Report for the Section 27 
Timber Harvesting Plan, Yuba County, California 

NCIC-7145 Yuba Challenge 

Jensen, Erik 2006 
An Archaeological Survey Report for the Section 28 
CHY 80 Amendment, Yuba, California 

NCIC-6928 Yuba Challenge 

Johnson, James 1992 Burnt Ridge Timber Harvest Plan NCIC-7888 Yuba Challenge 

Johnson, James 1994 Hauck/Dunston Timber Harvest Plan NCIC-8555 Yuba Challenge 

Johnson, James 1995 Paredes Timber Harvest Plan NCIC-8575 Yuba Camptonville, Challenge 

Johnson, James 1999 4-H Camp Timber Harvest Plan NCIC-8551 Yuba Challenge 

Johnson, Jerald and 
Dorothea 
Theodoratus; Storm, 
Donald 

1978; 
1974 

Cultural Resources of the Marysville Lake, 
California Project (Parks Bar Site), Yuba and Nevada 
Counties, California; An Archaeological Site Survey 
of Selected Portions of the Proposed Marysville Dam 
Project, Yuba River, California 

NCIC-48 
Yuba, 

Nevada 
French Corral, Oregon 

House, Smartville 

Jones, Terry 1982 

The North Yuba Survey: A Prehistoric 
Archaeological Survey of 14,000 acres in the 
Northern Sierra Nevada; also Archaeological Survey 
of the Hawkfly and the North Yuba Timber 
Compartments and the Pride Timber Sale 

NCIC-804 
Yuba, 
Sierra 

Camptonville, Challenge, 
Clipper Mills, Strawberry 

Valley 

Jones and Stokes 2003 
Cultural Resources Inventory and Evaluation Report 
for the Yuba-Feather Supplemental Flood Control 
Project, Yuba County, California 

NCIC-6014 Yuba Challenge 

Keenan, Kelly  2001 UC Field Station Vegetation Management Plan NCIC-2756 Yuba Oregon House, Smartville 

Keye, William 1993 Toll House Timber Harvest Plan NCIC-8311 Yuba Camptonville 

Kostick, Greg 1996 Vierra Timber Harvest Plan NCIC-7097 Yuba Challenge 

Kostick, Greg 2000 Hewton Timber Harvest Plan NCIC-7630 Yuba Challenge 

Kostick, Greg 2000 Patterson Timber Harvest Plan NCIC-7636 Yuba Challenge 

Leach-Palm, Laura et 
al. 

2008 

Cultural Resources Inventory of  Caltrans District 3 
Rural Conventional Highways in Butte, Colusa, El 
Dorado, Glenn, Nevada, Placer, Sacramento, Sierra, 
Sutter, Yolo, and Yuba Counties 

NCIC-9326 
Yuba, 

Nevada, 
Sierra 

Camptonville 

Leonhard, Scott 1996 Celestial Valley Timber Harvest Plan NCIC-8320 Yuba Camptonville 

Leonhard, Scott 1997 Bullards Bar Timber Harvest Plan NCIC-650 Yuba Challenge, French Corral 

Leonhard, Scott 1998 Pendola Timber Harvest Plan NCIC-7093 Yuba Challenge 

Leonhard, Scott 2001 Shappert Timber Harvest Plan NCIC-8335 Yuba Camptonville 

Levy, David 1992 Lacey-Kelly Timber Harvest Plan NCIC-841 Yuba Challenge 

Long, Kelly 2005 

An Archaeological Survey Report for the Fuel 
Reduction on Private Lands in the Forest Service 
Slapjack DFPZ - Middlebrook, A Proposition 40 
Project, Yuba County, California 

NCIC-6973 Yuba French Corral 
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Maniery, James and 
Mary Maniery 

1997 
Cultural Resources Inventory of the Soper-Wheeler 
Land Exchange, Plumas National Forest, California 

NCIC-642 Yuba 
Challenge, Clipper Mills, 
French Corral, Strawberry 

Valley 

Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

McCall, Dan 2001 Whitehead Timber Harvest Plan NCIC-7858 Yuba Challenge, Clipper Mills 

McKillop, Ryan 1998 Empire Creek Timber Harvest Plan NCIC-7112 Yuba Clipper Mills 
McMorris, 
Christopher 

2004 
Caltrans Historic Bridges Inventory Update: Metal 
Truss, Movable, and Steel Arch Bridges 

NCIC-6675 Yuba Camptonville 

Meals, Hank 1979 Camptonville Station Parking Lot Expansion NCIC-8302 Yuba Camptonville 

Newcomb, Alan 1996 Mumm Timber Harvest Plan NCIC-834 Yuba Camptonville 

Newcomb, Alan 1997 Robert Mumm Timber Harvest Plan NCIC-2038 Yuba Camptonville 

Origer, Thomas 1985 
A Report on the Archaeological Reconnaissance of 
Pacific Gas and Electric Company's Camptonville 
Timber Sale Project, Yuba County, California 

NCIC-456 Yuba Camptonville 

Peak, Melinda 1988 
Cultural Resources Assessment of the Colgate 
Tunnel Timber Sale Area, Yuba County, California 

NCIC-8233 Yuba Challenge, French Corral 

Rieger, Larry 1992 Browning Timber Harvest Plan NCIC-651 Yuba Camptonville 

Rieger, Larry 1994 Colgate-Challenge T/L Timber Harvest Plan NCIC-8558 Yuba French Corral 

Rogers, Terry 1998 Ingersoll-Dobbins Timber Harvest Plan NCIC-7852 Yuba French Corral 

Rogers, Terry 1999 Grizzly Gulch Timber Harvest Plan NEIC-2727 Sierra Camptonville 

Smith , Douglas 1997 
Pendola Ranch Timber Harvest Plan - Additional 
Harvest Acres 

NCIC-1129 Yuba Camptonville 

Smith , Douglas 1999 
Pendola Ranch Timber Harvest Plan - Additional 
Harvest Acres 

NCIC-1130 Yuba Camptonville 

Stevens, Dennis 1995 

Cultural Resource Inventory of the Bullards Bar 
Water System Replacement, Yuba County, 
Downieville Ranger District, Tahoe National Forest, 
Report Number 05-17-1145 

NCIC-7646 Yuba Challenge 

Stevens, Dennis 1993 
Cultural Resources Inventory of the Oregon Creek 
Analysis Area, Yuba and Sierra Counties, 
Downieville Ranger District, Tahoe National Forest 

NCIC-8446 Yuba Camptonville 

Stevens, Dennis 1994 

Cultural Resources Inventory of the Oregon Creek 
Analysis Area, Yuba and Sierra Counties, 
Downieville Ranger District, Tahoe National Forest 
(Addendum 1) 

NCIC-8447 Yuba Camptonville 

Stevens, Dennis 1997 Jaybird Timber Sale NCIC-8403 Yuba 
Camptonville, Strawberry 

Valley 

Stevens, Dennis 1997 
Schoolhouse, Dark Day and Hornswoggle 
Campgrounds Rebuild Archaeological Report 

NCIC-8439 Yuba Camptonville 

Stevens, Dennis 1997 
Moran Road Turnaround and Dark Day Parking Lot 
Expansion Archaeological Report 

NCIC-8459 Yuba Camptonville, Challenge 

Stevens, Dennis 1982 
Mosquito Timber Sale Archaeological 
Reconnaissance Report 

NCIC-8460 Yuba Camptonville, Challenge 

Stevens, Dennis 1988 Skyline Compartment Timber Sale NCIC-8457 Yuba Camptonville, Challenge 

Storm, Donald 1980 
Cultural Resource Investigation of the Ingersoll 
Subdivision Tracts 200, 222, and 224, near Dobbins, 
Yuba County, California 

NCIC-596 Yuba French Corral 

Violett, Paul 1992 Gellerman Timber  Harvest Plan NCIC-8559 Yuba Challenge, French Corral 

Walden, Peter 2000 Burnett Timber Harvest Plan NCIC-8552 Yuba Challenge 

Wayland, Brian 1999 Summit Hill Ranch Timber Harvest Plan NCIC-7640 Yuba Challenge 
Werner, Roger and 
Jay Flaherty 

1981 Marysville Road Cultural Resources Investigation NCIC-908 Yuba Camptonville 

Werner, Roger H. and 
Flaherty, Jay M. 

1981 Ridge Road Cultural Resources Investigation NEIC-1177 Sierra Camptonville 

Werner, Roger and 
Julia Costello 

1984 
Archaeological Reconnaissance of the Deadwood 
Creek Water Power Project 

NCIC-8401 Yuba Strawberry Valley 

Wheeler, Thomas 1980 
Marysville Road Improvement Archaeological 
Report 

NCIC-8438 Yuba Camptonville 

Wheeler, Thomas and 
Dan Stevens 

1980 
Studhorse Road Relocation Project Archaeological 
Survey 

NCIC-8434 Yuba Camptonville 

Whittlesey, Nicholas 2001 Soroptomist II Timber Harvest Plan NCIC-2757 Yuba Camptonville, Challenge 
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Wiant, Wayne 1988 
Addendum-Archaeological Reconnaissance of the 
Proposed New Diversion and Access Road Locations 
for the Deadwood Creek Water Power Project 

NCIC-1005 Yuba Strawberry Valley 

Windward, Stephen 2002 Oregon Hill Timber Harvest Plan NCIC-7638 Yuba Challenge 

Table 4.1-1.  (continued) 
Author Date Title 

NCIC/NEIC 
Report No. 

County Quadrangle 

Wise, David 1999 Jones Timber Harvest Plan NCIC-1982 Yuba Challenge 
NCIC = North Central Information Center  
NEIC=  Northeast Information Center 

 
 
For those portions of the Project located within Yuba and Nevada counties, LicenseeYCWA 
identified a total of 149 previously recorded cultural resources on file at the NCIC.  Of these, 24 
sites lie inside the FERC Project Boundary and the remaining 125 sites are within the 0.25-mile 
study area surrounding the FERC Project Boundary.  No previously recorded sites were 
identified for the Sierra County portion of the Project.  The 24 sites within the FERC Project 
Boundary are listed in Table 4.1-2. 
 
Table 4.1-2.  Previously recorded cultural resources within the FERC Project Boundary.  

# Trinomial 
Primary 

No. 

Tahoe National 
Forest Service 

No. 
Recorder/Date1 

Site 
Type2 

Brief 
Description 

NRHP 
Eligibility3 

1 CA-YUB-0018 P-58-0036 None Riddell/1966 P 

Bedrock mortars (x7) and 
midden deposits; author 
recommended testing; currently 
inundated 

Not evaluated 

2 CA-YUB-0019 P-58-0037 None Riddell/1966 P 

Bedrock mortars (x5) and 
midden deposits; author 
recommended no further work; 
currently inundated 

Not evaluated 

3 CA-YUB-0020 P-58-0038 None Riddell/1966 P 

Single depression, possible 
housepit; no author 
recommendation indicated; 
currently inundated 

Not evaluated 

4 CA-YUB-0021 P-58-0039 None Riddell/1966 P 

Bedrock mortars (x51) and 
village, several areas were 
indicative of house pits; lithic 
material; excavated and reported 
by Humphreys (1967); currently 
inundated 

Not evaluated 

5 CA-YUB-0022 P-58-0040 None Olsen/1966 P 

Bedrock mortars (number not 
indicated); author recommended 
no further work; currently 
inundated 

Not evaluated 

6 CA-YUB-0023 P-58-0041 None Olsen/1966 P 
Bedrock mortars (x5); author 
recommended no further work; 
currently inundated 

Not evaluated 

7 CA-YUB-0024 P-58-0042 None Riddell/1966 P 

Bedrock mortars (x13) and 
midden deposits; author 
recommended testing; currently 
inundated 

Not evaluated 

8 
CA-YUB-

0025/H 
P-58-0043 None Riddell/1966 P/H 

Bedrock mortars (x18) and 
midden deposits; possible 
prehistoric camp site; historic-
period stage stop; author 
recommended excavation; 
currently inundated 

Not evaluated 

9 
CA-YUB-

0026/H 
P-58-0044 None Riddell/1966 P/H 

Lithic scatter; historic-period 
farm buildings one site; author 
recommended no further work; 
currently inundated 

Not evaluated 
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10 CA-YUB-0868 P-58-0886 None Storm/1977 P 

Bedrock mortars (x15) and 
pestles (x4); briefly exposed 
during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 

Table 4.1-2.  (continued)  

# Trinomial 
Primary 

No. 

Tahoe National 
Forest Service 

No. 
Recorder/Date1 

Site 
Type2 

Brief 
Description 

NRHP 
Eligibility3 

11 CA-YUB-0887 P-58-0905 None Deen/1977 P 

Bedrock mortars (x2); briefly 
exposed during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 

12 CA-YUB-0894 P-58-0912 None 
Storm/1977, 
Flaherty and 
Werner/1984 

P Bedrock mortars (at least 6) Not evaluated 

13 CA-YUB-1054 P-58-1072 05-17-53-00072 Budy/1976 P 

Single depression, tool 
fragments, lithic debris; briefly 
exposed during survey (normally 
inundated by New Bullards Bar 
Reservoir) 

Not evaluated 

14 CA-YUB-1217 P-58-1236 None Peak/1988 P 
Bedrock mortars (x2) and mano 
fragments (x2) 

Not evaluated 

15 CA-YUB-1574 P-58-1918 None 
Flaherty and 
Werner/1984 

P Bedrock mortars (x3) Not evaluated 

16 None P-58-1532 None Wayland/1999 H 
Former Summit Hill Ranch, a 
late 1950s construction 

Not evaluated 

17 None P-58-1579 None 
Boardman/ 

1997 
P Bedrock mortars (x7) Not evaluated 

18 None P-58-1947 None Moine/1998 H 
Road bed, possible section of 
Ramm’s Toll Road 

Not evaluated 

19 None None 05-17-53-00102 Unknown U Unknown2 site description. Unknown 

20 None None 05-17-53-00126 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 

21 None None 05-17-53-00127 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 

22 None None 05-17-53-00139 Unknown U 
Unknown2 site description.  May 
include/encompass site P-58-
0294, located outside the APE. 

Unknown 

23 None None 05-17-53-00254 Unknown U 

Unknown2 site description; 

located on end of project road 
and needs confirmation that site 
is in APE. 

Unknown 

24 None None 05-17-53-00340 Unknown U 
Unknown2 site description.  Site 
may be inundated. 

Unknown 
1Unknown: Names of recorders and dates of  records were not available during initial records search and will researched during archival 

research; 
2Site Type: P = Prehistoric, H = Historic; P/H = Both Prehistoric and Historic; U = Unknown site contents; 
3Unknown:  Mapped site locations only available during initial records search; associated site records to be collected during archival research. 

 
The majority of historic period site assemblages reflect industrial mining and domestic 
occupations of the project vicinity; almost one-third of the historic period sites contain mining-
related features.  Historic infrastructure features, predominantly ditches and roads, were also 
identified.  Native American pre-contact sites are typical of those found throughout the region, 
namely locations with bedrock milling features and scatters of lithic material.  Other documented 
pre-contact cultural remains range from an isolated projectile point to evidence of long-term 
occupations evinced by midden deposits, possible house pits, and other domestic features. 
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Many previously identified cultural resources were not evaluated for eligibility for inclusion in 
the NRHP. Approximately 70 percent of the surveys occurred 10 or more years ago, provide 
insufficient information to determine the adequacy of the coverage employed, or report methods 
that indicate the survey coverage was broad or otherwise did not fully cover the areas included in 
those projects.   
 
A review of historical 7.5-minute United States Geological Survey (USGS) topographic 
quadrangles and BLM General Land Office (GLO) plats indicate that at least 44 potential 
historic-era sites or features may still exist, some of which may be within the FERC Project 
Boundary.  Potential historic sites are those places or features indicated in historic documentation 
(personal accounts, maps, regional histories, etc.) that may or may not still exist, and that will 
require ground-truthing to determine if materials associated with these places are present. Table 
4.1-3 lists the potential historic-period sites or features identified within the Data Gathering 
Area. 
 
Table 4.1-3.  Potential historic-period sites within the Project Data Gathering Area.  

# Type Description 
Government Land Office Data Source  

(Section, Township, Range, Date) 
Quadrangle 

1 Transportation Unlabeled trails 
Sections 4,5 and 6, Township 19 North, Range 8 
East (1878) 

Strawberry Valley, Clipper 
Mills 

2 Transportation Valley and Foster Bar Road 
Sections 16,17 and 18, Township 19 North, Range 
8 East (1878) 

Strawberry Valley, Clipper 
Mills, Challenge 

3 Mining Placer diggings 
Section 13, Township 19 North, Range 7 East 
(1871) 

Clipper Mills, Challenge 

4 Residence Bean’s house and orchard 
Section 13, Township 19 North, Range 7 East 
(1871) 

Clipper Mills, Challenge 

5 
Mining/Irrigati

on 
Ditch segment 

Section 34, Township 19 North, Range 7 East 
(1871) 

Challenge 

6 Mining 
Placer diggings, ditch, 

flumes 
Section 36, Township 19 North, Range 7 East 
(1871) 

Challenge 

7 Transportation 
North San Juan and 

Alleghany Road 
Sections 17 and 18, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

8 Field Possible agricultural field 
Section 18, Township 18 North, Range 9 East 
(1878) 

Camptonville 

9 Field Possible agricultural field 
Sections 17 and 18, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

10 Field Possible agricultural field 
Sections 18 and 19, Township 18 North, Range 9 
East (1878) 

Camptonville 

11 
Field and 
residence 

Possible agricultural field 
and residence (dot on map) 

Sections 18 and 19, Township 18 North, Range 9 
East (1878) 

Camptonville 

12 Transportation Unlabeled trail 
Sections 17,18 and 19, Township 18 North, Range 
9 East (1878) 

Pike, Camptonville 

13 Transportation Unlabeled trail 
Sections 20 and 21, Township 18 North, Range 9 
East (1878) 

Pike 

14 
Mining/Irrigati

on 
Ditch segment 

Sections 19 and 20, Township 18 North, Range 9 
East (1878) 

Pike, Camptonville 

15 Residence Cabin 
Section 20, Township 18 North, Range 9 East 
(1878) 

Pike 

16 
Mining/Irrigati

on 
Ditch segment 

Sections 20 and 21, Township 18 North, Range 9 
East (1878) 

Pike Camptonville 

17 Mining Old quartz mill 
Section 20, Township 18 North, Range 9 East 
(1878) 

Pike 

18 Transportation Foster Bar Road 
Sections 3,4,7,8,and 9, Township 18 North, Range 
8 East (1876) 

Camptonville 

19 Field Possible agricultural field 
Sections 3 and 4, Township 18 North, Range 8 East 
(1876) 

Camptonville 

20 Transportation Unlabeled road 
Sections 5,6,7 and 8, Township 18 North, Range 8 
East (1876) 

Camptonville 

21 Transportation 
Bridge (over North Yuba 

River) 
Section 7, Township 18 North, Range 8 East (1876) Camptonville, Challenge 
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22 Transportation Unlabeled road Section 7, Township 18 North, Range 8 East (1876) Camptonville, Challenge 

23 
Mining/Irrigati

on 
Small ditch Section 8, Township 18 North, Range 8 East (1876) Camptonville, Challenge 

24 Mining 
Lot No. 37-Nevada Mining 

Company Placer Mine 
Sections 4,8,9, and 17, Township 18 North, Range 
8 East (1876) 

Camptonville 

25 Transportation 
Road from San Juan to 

Camptonville 
Sections 9,10,11 and 16, Township 18 North, 
Range 8 East (1876) 

Camptonville 

Table 4.1-3.  (continued) 
# Type Description 

Government Land Office Data Source  
(Section, Township, Range, Date) 

Quadrangle 

26 Transportation Unlabeled road 
Sections 10 and 11, Township 18 North, Range 8 
East (1876) 

Camptonville 

27 Mining Old gold diggings 
Section 11, Township 18 North, Range 8 East 
(1876) 

Camptonville 

28 Transportation 
“Old Road” and road 

segments 
Section 13, Township 18 North, Range 8 East 
(1876) 

Camptonville 

29 Transportation “Old Road” segment 
Section 14, Township 18 North, Range 8 East 
(1876) 

Camptonville 

30 Transportation “Old Road” segment 
Sections 10 and 15, Township 18 North, Range 8 
East (1876) 

Camptonville 

31 Transportation Unlabeled road 
Sections 16 and 17, Township 18 North, Range 8 
East (1876) 

Camptonville 

32 Field Possible agricultural field 
Sections 17 and 20, Township 18 North, Range 8 
East (1876) 

Camptonville 

33 Transportation Unlabeled road segments 
Sections 17,19 and 20, Township 18 North, Range 
8 East (1876) 

Camptonville, Challenge 

34 
Mining/Irrigati

on 
Ditch 

Sections 19, 20 and 29, Township 18 North, Range 
8 East (1876) 

Camptonville, Challenge 

35 Transportation Unlabeled road 
Sections 29 and 30, Township 18 North, Range 8 
East (1876) 

Camptonville, Challenge 

36 Transportation Unlabeled trail 
Section 30, Township 18 North, Range 8 East 
(1876) 

Camptonville, Challenge 

37 Transportation Unlabeled road segments 
Sections 1, 2, 3 and 12, Township 18 North, Range 
7 East (1878) 

Challenge 

38 Agriculture McConnell’s Orchard 
Sections 2 and 3, Township 18 North, Range 7 East 
(1878) 

Challenge 

39 Transportation Unlabeled road 
Sections 11, 13 and 14, Township 18 North, Range 
7 East (1878) 

Challenge 

40 Transportation Romb’s Bridge 
Section 13, Township 18 North, Range 7 East 
(1878) 

Challenge 

41 Field Possible agricultural field 
Section 24, Township 18 North, Range 7 East 
(1878) 

Challenge 

42 Transportation 

Unlabeled trail (connects 
with trail in Section 30, 

Township 18 North, Range 8 
East) 

Section 25, Township 18 North, Range 7 East 
(1878) 

Challenge 

43 Transportation Bullard’s Bar Road 
Sections 2,3, and 4, Township 17 North, Range 7 
East (1874) 

French Corral 

44 Transportation Road to San Juan 
Section 23, Township 16 North, Range 6 East 
(1876) 

Smartville1 

1 In 2008, the people of this community petitioned to have the name changed to Smartsville, with an ‘s’ in the middle of the name.  However, 
the USGS gage refers to the former spelling of the community name.  Therefore in this document, the community is referred to as such. 

 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area is the Area of Potential Effects (APE), which includes all lands, Project facilities 
and features within the existing FERC Project Boundary, and Project-affected locations outside 
the FERC Project Boundary.  As defined in 36 CFR § 800.16(d), an APE is:  
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the geographic area or areas within which an undertaking may directly or 
indirectly cause alterations in the character or use of historic properties, if 
any such properties exist. The area of potential effects is influenced by the 
scale and nature of an undertaking and may be different for different kinds 
of effects caused by the undertaking.  

 
For purposes of this relicensing, the APE includes all lands within the existing FERC Project 
Boundary and a buffer of about 200 feet surrounding the boundary of New Bullards Bar 
Reservoir. The FERC Project Boundary and APE are shown on the maps included in Attachment 
A. Land ownership within the APE includes 4,306 acres of National Forest Systems (NFS) land 
managed by the United States Department of Agriculture, Forest Service as the Tahoe National 
Forest (3,140 acres) and Plumas National Forest (1,165 acres).  Acreage within the APE and 
FERC Project Boundary is listed below in Table 5.1-1 by landowner and total acreage for each 
Project facility. 
 
Table 5.1-1.  Distribution of Project acreage by landownership and Project facility 

YRDP1 
Project Facility 

YCWA1 SPI1 
Private 1 

(other) 
TNF1 PNF1 USACE1 State 

New Colgate2 -  Nevada Co. 0 0 1.0 30.6 0 0 0 

New Colgate – Yuba Co. 3,249.6 39.2 117.9 3,062.7 1,165.6 0 0 
New Colgate – Sierra Co. 0 26.9 23.6 47.4 0 0 0 

Acreage Subtotal 3,243.8 26.9 148.1 0 0 0 0 
Narrows No. 23 –Nevada Co. 0 0 0.1 0 0 0 0 
Narrows No. 2 – Yuba Co. 1.0 0 3.3 0 0 16.0 20.0 
Narrows No. 2 – Sierra Co. 0 0 0 0 0 0 0 

Acreage Subtotal 1.0 0 3.3 0 0 16.0 20.0 
Total 3,250.6 66.2 3.3 3,140.7 1,165.6 16.0 20.0 

1 YRDP = Yuba River Development Project; YCWA = Yuba County Water Agency; SPI = Sierra Pacific Industries; Private/Other = Private 
residence or other private landholding; TNF = Tahoe National Forest; PNF = Plumas National Forest; USACOE = U.S. Army Corps of 
Engineers;  

2 New Colgate Facility includes New Bullards Bar Reservoir, New Bullards Bar Dam and Spillway, Our House Diversion Dam, Log Cabin 
Diversion Dam, New Colgate Powerhouse, Penstock, and Switchyard, and Access Roads within the FERC Project Boundary.   

3 Narrows No. 2 Facility =  Narrows No. 2 Powerhouse, Penstock, Switchyard, and Access Road within the FERC Project Boundary 

 
 
LicenseeYCWA will coordinate with tribes and agencies to identify whether there are known 
tribal or other cultural resources concerns outside the FERC Project Boundary for which there is 
a Project nexus, and consult with SHPO to seek concurrence on the APE as early as possible in 
the relicensing process.  If YCWA proposes an addition to the Project, the APE will be expanded 
if necessary to include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 
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 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using a Survey Grade Trimble GPS 
(sub-meter data collection accuracy under ideal conditions), or similar unit.  GPS data will be 
post-processed and exported from the GPS unit into Geographic Information System (GIS) 
compatible file format in an appropriate coordinate system using desktop software. The 
resulting GIS file will then be reviewed by both field staff and Licensee’s relicensing GIS 
analyst.  Metadata will be developed for deliverable GIS data sets. 

 
5.3 Study Methods 
 
The study methods will consist of the following five steps, each of which is described below. 
 
5.3.1 Step 1 – Obtain SHPO Approval of APE 
 
As required under Section 106 [36 CFR § 800.4(a)(1)], LicenseeYCWA will submit maps 
depicting the APE to the SHPO for formal review, comment, and concurrence as early in the 
relicensing process as practicable, following the final definition of the APE.  Once approved, the 
maps and SHPO’s concurrence letter will be filed with FERC.  LicenseeYCWA will include in 
the SHPO correspondence the Cultural Resources Specialists for TNF and PNF and interested 
tribes, if requested.  
 
LicenseeYCWA may request that SHPO concur with a modified APE during the study if 
LicenseeYCWA determines that the Project affects historic properties outside the previously 
SHPO-approved APE.   
 
5.3.2 Step 2 – Archival Research 
 
Information has been obtained from the record searches that identified previous cultural surveys 
and recorded archaeological and historic-era properties within or directly adjacent to the APE.  
Archival research will also be conducted at the repositories listed below, and others as they are 
identified during the study, to obtain additional information specific to the prehistory and history 
of the Project area, the hydroelectric system as a whole, and its individual features.  The results of 
the archival research will serve as the basis for preparing the prehistoric and historic contexts 
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against which archaeological and historic-era properties may be evaluated.  Historical photographs 
located during the archival research will be cited in the text as figures and provided in a separate 
appendix, unless they are subject to copyright laws.  Previous NRHP evaluations of Project system 
features, if they exist, will be used as much as possible.  The places to be contacted or visited shall 
include: 
 
 Oral histories, as applicable 
 United States Department of Agriculture (USDA) Forest Service, Tahoe National Forest 
 USDA Forest Service, Plumas National Forest 
 Yuba County Library California Room, Marysville 
 The Firehouse Museum, Nevada City 
 Sacramento History Center and Archives 
 State Library, Sacramento 
 Camptonville Historical Society  
 YCWA archives 
 Special Collections, Meriam Library, California State University, Chico 
 United States.S. Army Corps of Engineers (USACE) for Englebright ReservoirLake Area 

 
5.3.2 Step 3 – Field Survey and Identification of Resources 
 
FERC is required to make a reasonable and good faith effort to identify historic properties that 
may be affected by the Project.  As described at 36 CFR § 800.4(b)(1), this may be accomplished 
through field surveys that are implemented in accordance with the Secretary of the Interior’s 
Standards and Guidelines for Identification (NPS 1983).  FERC is also required to consider any 
other applicable professional standards and tribal, state, or local laws or procedures to complete 
the identification of historic properties. 
 
5.3.2.1 Archaeological Field Survey 
 
Following completion of Step 2, LicenseeYCWA will conduct a field survey to verify locations 
of previously recorded cultural resources and to identify previously unknown cultural resources, 
if present.  This will be completed by examining all accessible lands within the APE.  Areas 
within the APE that cannot be accessed in a safe manner (e.g., certain locations containing dense 
vegetation, or unsafe slopes) will not be included within the survey or recording of 
archaeological and historic-era properties; these areas will be identified in the resulting report 
and an explanation for survey exclusion will be provided. 
 
Field methods will include crew members walking parallel transects spaced 15-20 meters apart.  
In areas containing moderately dense vegetation or moderately steep terrain, the survey strategy 
may employ 20–40-meter transects. All topographical features encountered in moderate areas, 
and considered to be sensitive for cultural resources (i.e., springs, drainages, etc.) will be 
thoroughly inspected. Lands typically inundated by New Bullards Bar Reservoir that become 
accessible during the survey season as a result of normal reservoir draw-downs also will be 
examined. To accommodate low water levels, the field survey of the reservoir will be scheduled 
to occur as close to the periods of annual low reservoir levels as possible, depending on weather 
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conditions.  Additionally, each site identified in the APE will be assessed for Project-related 
effects including, but not limited to, water fluctuation, wave action, and vegetation management 
activities. 
 
The field survey will be supervised by qualified, professional archaeologists (i.e., individuals 
who meet the Secretary of the Interior’s Standards for professional archaeologists).  Tribes will 
be invited to submit resumes of qualified tribal members to participate in the field survey. The 
field survey will be used to examine all lands within the APE that can safely be accessed and will 
follow the Secretary of the Interior’s Standards and Guidelines for Archaeology and Historic 
Preservation (NPS 1983) to determine whether historic properties will be affected by the 
relicensing.  
 
Locations of previously recorded cultural resources will be verified and the sites re-recorded 
only if their existing site records or other documentation do not meet current standards for 
recording, or if the condition and/or integrity of the property has changed since its previous 
recording.  Newly discovered cultural resources, including isolated finds, will be fully 
documented following the recordation procedures outlined in Instructions for Recording 
Historical Resources (OHP 1995), which utilizes State of California, Department of Parks and 
Recreation (DPR) forms DPR 523 A-L.  A sketch map for each site recorded or re-documented 
will be drawn to-scale and the property photographed.  The locations of all archaeological sites 
and isolates documented during the survey will be plotted by LicenseeYCWA’s cultural 
resources specialist or cultural consultant onto the appropriate USGS 1:24,000 scale topographic 
map at the time of discovery.  Field personnel will use a GPS receiver to document the location 
of cultural resources (including isolates) discovered during the survey, which will be plotted onto 
the appropriate USGS topographic quadrangle using the UTM coordinate system.  GPS data 
related to recordation of historic properties will adhere to DPR specifications for accuracy and 
site specific procedures, and with the General Concepts and Procedures provided above in 
Section 5.2.  Additionally, the areas examined will be plotted onto the appropriate USGS 7.5-
minute topographic quadrangle for comparison with previous survey coverage maps. 
 
Archaeological surveys that occur on Forest Service lands will require special use permits.   
 
As requested by TNF, artifacts encountered during the field survey on the TNF will be left in 
place; no artifacts on TNF will be collected during the field survey.  As requested by the PNF, 
time-sensitive diagnostic artifacts encountered during the field work will be collected and 
submitted to PNF following completion of the study.  All diagnostic artifacts encountered will be 
documented on DPR Primary Records, their positions mapped using a GPS unit, and each 
artifact photographed using a digital photography format. 
 
LicenseeYCWA will schedule the field survey within New Bullards Bar Reservoir (i.e., within 
the normal maximum water surface elevation), to the extent surveys within the reservoir can be 
performed, for fall or winter, weather permitting, when annual water levels are at their lowest, as 
shown in Figure 5.3-1.  Surveys outside the New Bullards Bar Reservoir pool will be scheduled 
by LicenseeYCWA at its convenience.      
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Figure 5.3-1.  Historic annual reservoir levels at New Bullards Bar Reservoir. 
 
 
5.3.2.2  Historic-Era Inventory of Project System Features 
 
A field inspection, documentation, and subsequent NRHP evaluation (see below) of the entire 
Project system will be undertaken by qualified, professional individuals meeting the Secretary of the 
Interior Standards for Architectural and Engineering Documentation.  Individual components will 
be recorded or re-recorded to meet current DPR standards.  This will include digital color 
photography and sketch maps of individual features that show the relationship of buildings within 
each compound or camp that may be associated with them. Some or all features comprising the 
hydroelectric system may not have reached 50 years of age at the time of the field survey.  
However, the entire Project system will be documented and evaluated for listing on the NRHP 
because the system will soon reach 50 years of age and because it may be associated with important 
peopleone or more of the four criteria, defined in 36 CFR 60.4, which may result in an eligibility 
finding that supercedes the age criterion. 
 
5.3.2.3 Discovery and Treatment of Human Remains 
 
If human remains are discovered during the field survey, the field supervisor will immediately 
contact LicenseeYCWA and Forest Service cultural resources specialists, as appropriate. Should 
human remains be identified during the survey, or any phase of work under this plan, all work in 
the immediate area will cease and the provisions contained within federal and/or State law and 
ACHP policy (ACHP 2007) will be followed. In addition to compliance with federal and State 
law, contacts with local Native American tribes, archaeological contractors, physical 
anthropologists, LicenseeYCWA system operators, Forest Service; and, in some cases, the 
SHPO may be involved.  Moreover, human remains and associated funerary objects, if any, often 
are viewed as sacred and must be treated with respect. Sensitivity toward all interested parties 
also is essential whenever human remains are concerned. 
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5.3.3  Step 4 – National Register of Historic Places Evaluation 
 
During documentation of archaeological sites and features in Step 3, LicenseeYCWA will also 
document the condition of each resource to assist in identifying potential Project-related effects 
and level of integrity to provide recommendations for NRHP eligibility or evaluations.  The 
NRHP evaluations may be accomplished using include up to up to three methodscategories of 
sites: 1) All previously unevaluated sites that can be evaluated based on the data collected during 
the archival research, field survey, and site recording will be evaluated in a joint report that 
presents the results of the survey and NRHPthose evaluations, and tat this phase, based on the 
documented remains, background research, and site conditions, will be formallhe report 
submitted to y evaluated in consultation with affected tribes and , the aappropriate federal 
agencies and the SHPO.  Formal evaluations will be submitted to appropriate federal agencies 
and affected Tribes for review and comment prior to final submission to the SHPO for 
concurrence; 2) previously unevaluated sites that are found to be affected by Project-related 
activities but for which additional archival or field studies are deemed necessary to evaluate their 
NRHP eligibility will be included in LicenseeYCWA’s PM&Es for implementation and 
management outside of the Study Plan, in consultation with tribes and agencies; and 3) . 
previously unevaluated sites, and any sites previously evaluated as eligible for listing on the 
NRHP that are not experiencing Project effects, will all be be managed as if eligible for listing on 
the NRHP, avoided by Project activities, and included in LicenseeYCWA’s PM&Es for 
management outside of the Study Plan in consultation with tribes and agencies. , avoided by 
Project activities, and routinely monitored so that if Project-related effects occur, they are 
identified at the earliest possible time.    that have notocumented during the survey that 
encounteredAdditionally, LicenseeYCWA will consult with the participating tribes prior to 
submitting evaluations to TNF, PNF, or SHPO regarding any values that tribes may associate 
with prehistoric archaeological sites or other tribal cultural resources documented in the APE to 
assist in identifying properties that may be eligible for the NRHP.  Archaeological resources 
requiring further field efforts to complete NRHP evaluations will be identified and included in 
Licensee’s PM&Es for implementation and management outside the Study Plan. These resources 
and any other resources affected by future projects, will be evaluated under management 
measures outlined in the  likely under a FERC-approved Historic Properties Management Plan 
(HPMP), unless more immediate action is deemed necessary to address Project-related effects. 
 
LicenseeYCWA will utilize the National Register criteria for all sites to be evaluated, which are 
defined in 36 CFR 60.4, and which include the following: 
 

National Register Criteria for Evaluation. The quality of significance in 
American history, architecture, archaeology, engineering, and culture is 
present in districts, sites, buildings, structures, and objects that possess 
integrity of location, design, setting, materials, workmanship, feeling, and 
association and 
 
(a)  that are associated with events that have made a significant 

contribution to the broad pattern of our history;  
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(b)  that are associated with the lives of persons significant in our past; 

(c)  that embody the distinctive characteristics of a type, period, or method 
of construction or that represent the work of a master, or that possess 
high artistic values, or that represent a significant and distinguishable 
entity whose components may lack individual distinction; 

(d)  that have yielded, or may be likely to yield, information important to 
prehistory or history. 

 
If appropriate, and depending on the results of the cultural resources inventory, the National Park 
Service Preservation Brief 36: Protecting Cultural Landscapes, may be taken into consideration 
to potentially identify whether any cultural landscapes may be present in the APE that require 
management considerations.   
 
5.3.3.1 Evaluation of Historic Project System Features 
 
Previously evaluated historic Project systems or individual features will not be re-evaluated 
unless substantial changes in their conditions have been observed and documented during the 
study, or the evaluation is more than ten years old.  If deemed appropriate by a qualified, 
professional cultural resources specialist, individual historic-era features may be evaluated 
together as a district. 
 
All previously unevaluated historic-era Project features will be formally evaluated for eligibility 
to the NRHP.  The evaluation will consist of three tasks: 1) development of a historic context for 
the APE using archival research; 2) examination of each historic feature to document and assess 
the level of integrity, both individually and as an element of a potential Hydroelectric Historic 
District; and 3) the historical information and the physical site data obtained during background 
and field research will be used to evaluate the eligibility of each Project feature individually and 
as part of a potential historic district for inclusion on the NRHP. 
 
5.3.4 Step 4 – Identify and Assess Potential Project Effects on National Register-

Eligible Properties 
 
As required under 36 CFR § 800.5, LicenseeYCWA will identify and assess any adverse effects 
on identified historic properties resulting from Project O&M.  As noted in Section 5.3.3, those 
sites encountered in the APE that can be evaluated based on the background research and field-
collected data will be included in a survey report that details the results of the survey and 
evaluations, and assesses any adverse effects.  Evaluation and management measures for all 
other sites will be detailed in a of historic properties experiencing Project-related effects will be 
discussed in detail in the Historic Properties Management Plan (HPMP)  as part of 
LicenseeYCWA’s PM&Es, in consultation with tribes and agencies, for management outside of 
the sStudy Plan.  Development and review of the HPMP is not part of this study.  Adverse effects 
are defined as follows: 

 
An adverse effect is found when an undertaking may alter, directly or 
indirectly, any of the characteristics of a historic property that qualify the 
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property for inclusion in the National Register in a manner that would 
diminish the integrity of the property's location, design, setting, materials, 
workmanship, feeling, or association. Consideration shall be given to all 
qualifying characteristics of a historic property, including those that may 
have been identified subsequent to the original evaluation of the property's 
eligibility for the National Register.  Adverse effects may include 
reasonably foreseeable effects caused by the undertaking that may occur 
later in time, be farther removed in distance or be cumulative (36 CFR § 
800.5(a)(1). 

 
5.3.5  Step 5 – Reporting 
 
Licensee will prepare a report at the conclusion of the study that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results of study and identification of any other 
non-TCP cultural/ethnographic resources; 4) Discussion, and; 5) Description of Variances from 
the FERC-approved study proposal, if any.  Maps will be developed that clearly depict the 
following on USGS 1:24,000 topographic maps: the study areas examined; current inventory 
coverage in the areas surveyed, including intensity of coverage; and locations of cultural 
resources identified within the study areas.   
 
Copies of this report will be provided to: the affected Indian tribes; Forest Service; SHPO; CSU, 
Chico, NEIC; CSU, Sacramento, NCIC; and FERC.  Copies without confidential or sensitive 
information and attachments also will be provided to the Camptonville Historical Society and/or 
Camptonville Community Service District. Copies of the final report and detailed locations of 
identified properties may be withheld from public disclosure in accordance with Section 304 (16 
U.S.C. 4702-3) of the NHPA (as amended). Concurrence on report recommendations will be 
sought from SHPO.   
 
As requested by FERC, a draft Historic Properties Management Plan (HPMP) will be prepared 
using the results of the study, in consultation with the affected tribes, TNF, PNF, and the SHPO 
and included with the Draft License Application.  A final HPMP will be included in the Final 
License Application.  Development and review of the HPMP is not part of this study. 
 

6.0 Study-Specific Consultation 
 
LicenseeYCWA will engage in the following study-specific consultation: 
 
 LicenseeYCWA will obtain SHPO’s concurrence with the APE (Step 1.) 

 LicenseeYCWA will notify and coordinate with potentially affected tribes and Forest Service 
prior to the start of the field survey to provide the proposed field schedule, obtain necessary 
permits from the Forest Service, and invite tribal representatives to participate in the survey 
(Step 3). 

 Any NRHP evaluations completed for cultural resources located on lands managed by federal 
agencies will be provided to the federal agency, as appropriate, and to affected tribes for 
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prehistoric or tribal cultural resources, for review and consultation prior to submittal to 
SHPO for concurrence (Step 4). 

 For any planned discussions or consultation regarding the identification, evaluation, 
treatment, or disposition of archaeological sites or tribal cultural resources encountered 
within the APE, LicenseeYCWA will invite, as appropriate, affected tribes, land-managing 
agencies, SHPO, and FERC to participate.  

 

7.0 Schedule 
 
Documented historic annual low reservoir levels indicate that New Bullards Bar Reservoir 
reaches its lowest water levels in November and December, when bad weather may restrict field 
efforts.  LicenseeYCWA may schedule the field survey at any time the weather permits, but will 
schedule survey below the high water line of New Bullards Bar Reservoir for the fall to 
accommodate, to the extent possible, annual, normal drawdowns and low water levels.  It is the 
intention of the LicenseeYCWA to submit the inventory report for review by agencies, tribes, 
and SHPO prior to distributing the HPMP for review and comment.  Development and review of 
the HPMP is not part of this study.  LicenseeYCWA anticipates the schedule to complete the 
study as follows assuming the FERC issues its Study Determination by September 16, 2011 and 
the study is not disputed by a mandatory conditioning agency: 
 
Archival Research (Step 1) ............................................................. October 2011 - December 2011 
Field Survey (Step 2) .......................................................................... November 2011 - April 2012 
NRHP Evaluation (Step 3) .................................................................. November 2011 - April 2012 
Identify/Assess Effects on NR-Eligible Properties (Step 4) ............... November 2011 - April 2012 
Report Preparation (Step 5) ........................................................... October 2011 - September 2012 
 

8.0 Consistency of Methods with Generally Accepted 
Scientific Practices 

 
The proposed study methods discussed above are consistent with the study methods followed in 
several recent relicensing projects.  These methods have been accepted by the participating 
Native American tribes, agencies, and other interested parties associated with those projects.  
The methods presented in this study plan also are consistent with the ACHP’s guidelines for 
compliance with the requirements of Section 106 of the NHPA found at 36 CFR 800.  
 

9.0 Level of Effort and Cost 
 
LicenseeYCWA estimates the cost to complete this sStudy in 2011 dollars is between $240,000 
and $315,000. 
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Study 13.1 

NATIVE AMERICAN 
TRADITIONAL CULTURAL PROPERTIES 

August April 18, 2011 

 
1.0 Project Nexus 
 
Yuba County Water Agency’s (YCWA or Licensee) continued operation and maintenance 
(O&M) of the existing Yuba River Development Project (Project) has a potential to affect 
Traditional Cultural Properties (TCP). 
 
TCPs are locations associated with cultural practices or beliefs of a living community that are: 1) 
rooted in that community's history; or 2) important in maintaining the continuing cultural identity 
of a community.1  National Register Bulletin 38, 1998:1 (Parker and King 1998) defines a TCP 
as: 
 
 Locations associated with the traditional beliefs of an aboriginal/indigenous group about 

its origins, its cultural history, or the nature of the world and cultural landscapes. 

 A rural community whose organization, buildings and structures, or patterns of land use 
reflect the cultural traditions valued by its long-term residents. 

 An urban neighborhood that is the traditional home of a particular cultural group, and that 
reflects its beliefs and practices. 

 Locations where Native American religious practitioners have historically gone and are 
known or thought to go to today, to perform ceremonial cultural rules of practice. 

 Locations where a community has traditionally carried out economic, artistic or other 
cultural practices important in maintaining its historic identity.  

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As defined under 36 CFR 800.16(l), historic properties are 
prehistoric or historic sites, buildings, structures, objects, districts, or locations of traditional use 
or beliefs (i.e., TCPs) that are included in, or eligible for inclusion in, the National Register of 
Historic Places (NRHP).  Historic properties are identified through a process of evaluation 
against specific criteria.  For most cultural resources evaluated for listing on the NRHP, these 
criteria are found at 36 CFR 60.4.  However, to be considered a historic property, a TCP must 
meet other significance criteria identified in amendments made to the NHPA in 1992.  These 
criteria are found at §101(d)(6)(A).  
 

                                                 
1  Historic properties other than Traditional Cultural Properties (TCPs) are addressed in a separate study proposal (Study 12.1, 

Historic Properties Study) in the Relicensing. 
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2.0 Resource Management Goals of Agencies with 
Jurisdiction Over the Resource to be Studied  

 
Under Section 106 of the National Historic Preservation Act (NHPA) of 1966, as amended, 
federal agencies must take into account the effects of their undertakings on historic properties 
and afford the Advisory Council on Historic Preservation (ACHP) a reasonable opportunity to 
comment on such undertakings.  As provided in 18 CFR § 5.5(e), on January 4, 2011, FERC, the 
lead federal agency for the licensing, designated YCWA as FERC’s non-federal representative 
for purposes of initiating consultation under Section 106 of the NHPA and the implementing 
regulations at 36 CFR § 800.2(c)(4). 
 
YCWA believes only one agency has jurisdiction over Historic Properties that could potentially 
be affected by Project-related activities, the United States Department of Agriculture, Forest 
Service on National Forest System (NFS) lands. In accordance with 36 CFR § 800.2(c)(3), “A 
representative of a local government with jurisdiction over the area in which the effects of an 
undertaking may occur is entitled to participate as a consulting party.” 
 
Additionally, direction for the management of the Plumas National Forest (PNF) is embodied in 
the PNF Land and Resource Management Plan (LMP) (USDA Forest Service, PNF 1988) as 
amended by the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest 
Service, Pacific Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record 
of Decision (SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).  
 
Similarly, direction for management of the Tahoe National Forest (TNF) is embodied in the TNF 
Land and Resource Management Plan (LMP) (USDA Forest Service, TNF 1990) as amended by 
the Herger-Feinstein Quincy Library Group Record of Decision (USDA Forest Service, Pacific 
Southwest Region 1999) and the Sierra Nevada Forest Plan Amendment Record of Decision 
(SNFPA ROD) (USDA Forest Service, Pacific Southwest Region 2004).    
 
Each of these land managing plans takes into account the effects of ground-disturbing activities 
on historic properties.  
 

3.0 Study Goals and Objectives 
 
The goal of the study is to assist the Federal Energy Regulatory Commission (FERC) in meeting 
its compliance requirements under Section 106 of the NHPA, as amended, by determining if 
licensing of the Project will have an adverse effect on NRHP-eligible TCPs, ethnographic 
resources, or other cultural resources of tribal significance. 
 
The objective of this study is to identify TCPs and other cultural resources of tribal importance 
that may potentially be affected by Project O&M, evaluate their eligibility to the NRHP, and 
identify Project-related activities that may affect TCPs, other tribal interests, or traditional 
interests of other groups within the APE. 
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4.0 Existing Information and Need for Additional 
Information 

 
YCWA’s Pre-Application Document (YCWA 2010) described existing, relevant, and reasonably 
available information regarding cultural resources, including TCPs.  This information is 
summarized below.  
 
4.1 Background Research 
 
To gather the necessary background information, records searches and archival research were 
completed at two information centers of the California Historical Resources Information System; 
one at the Northeast Information Center (NEIC) at California State University (CSU), Chico 
(CSU, Chico), and the other at the North Central Information Center (NCIC) at California State 
University, Sacramento (CSU, Sacramento).  The record searches included: 1) a review of 
cultural resources records and site location maps; 2) historic General Land Office (GLO) maps; 
3) an up-to-date list of NRHP-listed properties; 4) the California Register of Historic Resources; 
5) the Office of Historic Preservation Historic Property Directories for Yuba, Nevada, and Sierra 
counties; 6) 1992 California Points of Historical Interest; 7) 1996 California State Historic 
landmarks; 8) 1976 California Inventory of Historic Resources; and 9) a search of the NEIC and 
NCIC files for ethnographies or other cultural reports relevant to the study. 
 
The records searches were employed in part to identify Indian Trust Assets (ITA)2 and TCPs 
within the FERC Project Boundary and adjoining area. 
 
No TCPs, ITAs, Indian Reservations, lands designated under tribal ownership, or any other ITAs 
were encountered during the research. 
 
Therefore, additional data gathering, including additional archival and field research, is needed 
to augment the data collected to-date in order to identify whether TCPs could be affected by 
continued Project O&M. 
 
4.2 Identification of Potentially Affected Native American Tribes 
 
YCWA contacted the Native American Heritage Commission (NAHC) on March 9, 2009, to 
obtain a listing of tribal groups or individuals who should be notified regarding the Project.  
NAHC replied to this request on March 16, 2009.  All individuals and organizations included on 
NAHC’s list were contacted by telephone in April 2009: four responded to the calls. 
 
Additional tribal representatives with interests in the Project have also been identified through 
other relicensing projects. These individuals and those previously notified were both contacted in 
June 2009 so that YCWA could provide updates regarding the relicensing. 

                                                 
2  ITAs are legal interests in assets held in trust by the federal government for Indian tribes or individual Indians.  These can be real 

property, physical assets, or intangible property rights.  ITAs do not include things in which a tribe or individuals have no legal 
interest.   
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In July 2009, YCWA mailed to those tribal representatives identified in the Project PAD 
Information Questionnaires (Appendix A) to solicit concerns or additional information regarding 
the Project. 
 
Additionally, all individuals contacted during the June 2009 call were invited to attend a Project 
information meeting on September 9, 2009, and invitations to the meeting were mailed on 
August 10, 2009, to each representative as well as to the United States Department of 
Agriculture Forest Service (Forest Service), United States Department of interior, Bureau of 
Land Management (BLM), State Historic Preservation Officer (SHPO) and FERC.  Two 
individuals, both from Save the Salmon, a non-governmental organization, and no tribal 
members or agencies attended the September 9 meeting. 
 
Following YCWA’s initial contact with tribes and tribal representatives, three tribes initially 
declined participation in the relicensing process, as described below in Table 4.2-1.  Two of 
these tribes have since informed the YCWA that they will participate in the Project relicensing.  
As of February 2011, no communications from tribes other than those listed in Table 4.2-1 have 
been received in response to various contacts and outreach from the YCWA.  Additional 
outreach to tribes will occur during the Study Plan implementation to augment current efforts to 
date, and to make every effort to contact individuals and tribes who may have an interest in the 
Project.  Currently, Strawberry Valley Rancheria, Enterprise Rancheria, Nevada City Rancheria, 
and United Auburn Indian Community of the Auburn Rancheria are actively participating in the 
Project relicensing. 
 
Table 4.2-1.  Tribes and tribal representatives contacted as of February 2011. 

Tribe Individual Contacted 

Berry Creek Rancheria of Maidu Indians 
Jim Edwards, Chairperson 

Dwayne M. Brown, Jr., Environmental Coordinator 
Concow Maidu Tribe of  Mooretown Rancheria 
 

Laura Winner, Chairperson 
Guy Taylor, Director, Environmental Protection Office 

Enterprise Rancheria of Maidu Indians1 
 

Glenda Nelson, Chairperson 
Frank Watson, Vice Chairperson 

Ren Reynolds, EPA Planner 

Colfax-Todds Valley Consolidated Tribe2 

Lavina SueheadStephen Prout, Acting Chairperson 
Sandy Marks 
Judy Marks 

Alicia Juelch 
Clyde Prout 
Leon Portras 

Marjorie J. Cummins 

Greenville Rancheria of Maidu Indians 
Kyle Self, Chairperson 

Crista Stewart, Environmental Manager 
Lacie Miles 

Mechoopda Indian Tribe of Chico Rancheria Michael DeSpain, Director OEPP 

Nevada City Rancheria, Nisenan Tribe 
Virginia Covert, Vice Chairperson 

Shelly Covert, Secretary 
member 

Nisenan/Maidu April Moore 

Strawberry Valley Rancheria 
Cathy Bishop, Chairperson 

Rea Cichocki 

Todds Valley Miwok-Maidu Cultural Foundation (Non-profit) 
Jerri White Turtle 

Lois Zellner 
Brigette Zellner 

Tsi-Akim Maidu Tribe 
Don Ryberg, Chairperson 

Grayson Coney 
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Table 4.2.1.  (continued) 
Tribe Individual Contacted or Participating 

United Auburn Indian Community of the Auburn Rancheria3 
David Keyser, Chairperson 

Marcos Guerrero, Representative 

Washoe Tribe of Nevada and California 

Waldo Walker, Chairperson 
Darrel Cruz, THPO 

Rose Wood 
Lynda Shoshone 
Brian Wallace 

Unaffiliated Individuals 

Clara LeCompte 
Tyrone Gore 
Bill Jacobson 
Ralph Rose 

1 By letter dated August 12, 2009, the Enterprise Rancheria advised YCWA that “At this time Enterprise Rancheria will not be interested in the 
Yuba River Development Project.” At a meeting held on October 1, 2010, Enterprise Rancheria informed YCWA that they will now 
participate in the Yuba River Development Project relicensing.  

2   Per telephone communications on July 10, 2009, the Colfax-Todds Valley Consolidated Tribe advised YCWA that the Project is too far away 
and that they will not be participating in the Yuba River Development Project. 

3 The United Auburn Indian Community of the Auburn Rancheria (UAIC) was unable to attend the September 9, 2009 meeting due to 
scheduling conflicts.  

 
 

5.0 Study Methods and Analysis 
 
5.1 Study Area 
 
The study area is the Area of Potential Effects (APE), which includes all lands, Project facilities 
and features within the FERC Project Boundary, and Project-affected locations outside the FERC 
Project Boundary.   
 
The APE may be modified if during the study, it is determined that the Project affects TCPs 
outside the APE.   
 
If YCWA proposes an addition to the Project, the study area will be expanded if necessary to 
include areas potentially affected by the addition. 
 
5.2 General Concepts and Procedures 
 
The following general concepts and practices apply to the study:  
 
 Personal safety is the most important consideration of each fieldwork team.   

 Licensee will make a good faith effort to obtain permission to access private property where 
needed well in advance of entering the property. 

 Field crews may make minor variances to the FERC-approved study in the field to 
accommodate actual field conditions and unforeseen problems.  When minor variances are 
made, Licensee’s field crew will follow the protocols in the FERC-approved study.  

 When Licensee becomes aware of major variances to the FERC-approved study, Licensee 
will issue an e-mail to the Relicensing Contact List describing the variance and reason for the 
variance.  Licensee will contact by phone the Forest Service (if the variance is on National 
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Forest System land), USFWS, SWRCB and CDFG to provide an opportunity for input 
regarding how to address the variance.  Licensee will issue an e-mail to the Relicensing 
Contact List advising them of the resolution of the variance.  Licensee will summarize in the 
final study report all variances and resolutions.       

 Licensee’s performance of the study does not presume that Licensee is responsible in whole 
or in part for measures that may arise from the study. 

 Global Positioning System (GPS) data will be collected using a Survey Grade Trimble GPS 
(sub-meter data collection accuracy under ideal conditions).  GPS data will be post-processed 
and exported from the GPS unit into Geographic Information System (GIS) compatible file 
format in an appropriate coordinate system using desktop software. The resulting GIS file 
will then be reviewed by both field staff and Licensee’s relicensing GIS analyst.  Metadata 
will be developed for deliverable GIS data sets. 

 
5.3 Study Methods 
 
The study methods will consist of the following seven steps, each of which is described below. 
 
5.3.1  Step 1 – Obtain SHPO Approval of APE 
 
As required under Section 106 [36 CFR § 800.4(a)(1)], YCWA will submit maps depicting the 
APE to the SHPO for formal review, comment, and approval.  Once approved, the maps 
including SHPO’s concurrence letter will be filed with FERC.   
 
5.3.2  Step 2 – Archival Research 
 
YCWA will, at a minimum, conduct additional archival research at the following repositories: 
 
 California Native American Commission 

 Sacred Lands Files 

 University of California, Berkeley, The Bancroft Library,  

 Western Americana Collection 
 Native American Studies/Anthropology/Archeology/Linguistics 

 University Archives, Department of Anthropology Records 
 C. Hart Merriam Papers 
 Dorothea J Theodoratus Papers 
 Samuel Alfred Barrett Papers 
 A. L. Kroeber Papers 
  

 California State Library, California Room 

 California History Collections 
 Manuscript Collections 
 Pictorial Resources 
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 Maps 
 North Central Information Center, California State University, Sacramento (CSU, 

Sacramento) 

 Northeast Information Center, California State University, Chico (CSU, Chico) 

 California State University, Chico 

 Special Collections, Meriam Library 
 NE California Collection 
 Historic Photograph Collection, 
 Historic Map Collection 
 Dorothy Morehead Hill Collection 
 The Bleyhl Collection 

 
 National Archives and Records Administration, Pacific Region, San Francisco 

 Bureau of Indian Affairs, Record Group 75 
 Indian Health Service, Record Group 513 
 U.S. Geological Survey, Records Group 57 

 
  

    National Park Service Preservation Brief 36 

 Yuba County Library, Marysville  

 California Room 

 Phoebe Hearst Museum of Anthropology 

 Ethnographic Collections 

 U. S. Army Corps of Engineers, Sacramento District 

 Archives for the Marysville Lake Project (Parks Bar Site) 

 Affected tribes 

 Talk with tribal ethnographers  

 Review Ethnographic References 

 Hugh W. Littlejohn 
 Dorothea Theodoratus 
 Arlene H. Towne and Norman L. Wilson 
 Thorn (UC Irvine or UC, Los Angeles) 
 Sherry Tatsch, Dissertation (UC, Davis)  
 Francis A. Riddell (Archives, California State Library) 

 
 United States .S. Army Corps of Engineers (USACE) for Englebright ReservoirLake Area 

 Other appropriate repositories identified during the research 
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5.3.3  Step 3 – Tribal Consultation and Identification of Resources 
 
Following the ethnographic literature review in Step 2, the next step in identifying potential 
TCPs will involve extensive tribal consultation.  Consultation and any fieldwork and potential 
TCP documentation shall be undertaken in accordance with Section 106 of the NHPA, as 
amended, and shall be consistent with National Register Bulletin No. 38, Guidelines for 
Evaluating and Documenting Identification of Traditional Cultural Properties (Parker and King 
1998). 
 
In order to facilitate tribal consultation, YCWA intends to retain a qualified, professional 
ethnographer who meets the standards for ethnography as defined in Appendix II of National 
Register Bulletin No. 38.  YCWA will coordinate its selection of the ethnographer with the 
assistance of affected tribes and other interested cultural/tribal stakeholders. 
 
The ethnographer, in consultation with tribal representatives (i.e., tribal chairs, tribal councils, 
elders, as directed by the tribes), will determine the scope and breadth of interviews.  The 
ethnographer will then contact the appropriate tribe(s) and interested tribal and cultural 
stakeholders to arrange for interviews at a time and location acceptable to those tribal 
Interviewees.  Tribal interviewees and the ethnographer may need to visit the APE together to 
accurately define potential TCPs or other ethnographic and non-TCP cultural resources of 
importance to the tribes.  If necessary, YCWA will arrange for an initial introductory meeting 
between YCWA, tribal representatives and the ethnographer. 
 
Interviews may be conducted on a one-on-one basis with the ethnographer.  The oral traditions 
and information collected during the interviews will be used to help define potential TCPs, 
identify other cultural resources of tribal significance in the APE, and assist in making sound 
judgments and management decisions in Project planning. If during the tribal interviews the 
ethnographer and interviewees determine it appropriate, YCWA’s ethnographer will coordinate 
with tribal interviewees to obtain Traditional Ecological Knowledge (USFWS 2011). The sole 
purpose of addressing Traditional Ecological Knowledge (TEK) will be to identify important 
tribal locations and cultural resources within the APE3. 
 
If participating tribes do not wish to disclose the locations of any potential TCPs or other cultural 
resources, YCWA will instead work with the tribes to identify the general issues and concerns 
that the tribe(s) may have regarding potential impacts of the Project upon resources known to the 
tribe(s) and further work and with the tribes and appropriate land management agencies to 
develop agreeable measures to address these concerns. 
 
5.3.4  Step 4 – Archaeological Site Visits 
 

                                                 
3  The USFWS developed the TEK study approach for purposes of developing conservation plans on USFWS lands.  Licensee 

deems development of any similar conservation plans beyond the scope of the TCP Study Plan and beyond the identification of 
the historic properties requirements as provided for in Section 106 of the NHPA.     
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Tribal interviewees, or a physically capable tribal representative, and YCWA’s ethnographer 
may wish to visit archaeological sites (i.e., locations containing artifacts, features, or other 
physical remains from past human activities) identified during the study or during YCWA’s 
Historic Properties Study (Study 12.1).  The purpose of the visit would be to provide tribal 
representatives the opportunity to examine any archaeological sites of interest to the tribes that 
were encountered during the Historic Properties Study fieldwork, and to enable the ethnographer 
to obtain additional information on potential TCPs that may be associated with the sites.  YCWA 
or YCWA’s ethnographer will make a reasonable effort to reach out to participating tribes to 
invite participation in archaeological site visits by calling, sending letters by way of the U.S. 
Postal Service, or through electronic mail.  For archaeological sites on Forest Service-managed 
land, Forest Service cultural specialists will be invited to participate in the field visits, and may 
want to meet in advance with tribal representatives prior to any archaeological site visits planned 
for Forest Service-managed lands. YCWA anticipates that the Forest Service will keep 
information about prehistoric archaeological sites and TCPs confidential. If any ethnographic 
sites (e.g., locations of tribal interests or activities that may or may not contain the physical 
remains from past or present activities) are identified during background research, tribal 
representatives may also wish to visit those locations.  Depending on the tribes’ wishes, the 
ethnographer may also visit the ethnographic sites, as well as Forest Service cultural specialists 
on forest service-managed lands.       
 
5.3.5  Step 5 – National Register of Historic Places Evaluation 
 
Following completion of Step 4, YCWA’s ethnographer will evaluate the eligibility of identified 
TCPs and other cultural resources of tribal importance for listing on the NRHP using the data 
collected from the field studies described above, and in consultation with participating tribes.  
Although the National Register codifies the criteria used to evaluate most cultural resources for 
listing on the NRHP at 36 CFR 60.4, amendments to the NHPA in 1992 [§101(d)(6)(A)] specify 
that properties of traditional religious and cultural importance to a tribe may be determined 
eligible for inclusion in the NRHP because of their “association with cultural practices or beliefs 
of a living community that are: 1) rooted in that community’s history; and 2) are important in 
maintaining the continuing cultural identity of the community.”  Therefore, a TCP can only be 
significant and eligible for listing on the NRHP if it meets these two criteria. Other cultural 
resources that may be identified during this study plan will be evaluated against all appropriate 
NRHP criteria. 
 
All TCP’s that can be evaluated at this phase will be formally evaluated in consultation with 
affected tribes, the appropriate federal agencies and the SHPO. Formal evaluations will be 
submitted to the appropriate agency and affected tribes for review and comment prior to final 
submission to the SHPO for concurrence. YCWA will work with tribes regarding resources of 
tribal importance that may not qualify for the NRHP, or resources for which tribes do not wish to 
disclose their locations, to identify the general issues and concerns that the tribe(s) may have 
regarding potential impacts of the Project upon resources known to the tribe(s) and further work 
and with the tribes and appropriate land management agencies to develop agreeable measures to 
address these concerns. 
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If appropriate, and depending on the results of the TCP study, the National Park Service 
Preservation Brief 36: Protecting Cultural Landscapes, may be taken into consideration to 
identify whether any cultural landscapes may be present in the APE that require management 
considerations.   
 
5.3.6 Step 6 – Identify and Assess Potential Project Effects on National Register-

Eligible Properties 
 
As required under 36 CFR § 800.5, YCWA will identify and assess any adverse effects on TCPs 
resulting from Project O&M.  Adverse effects are defined as follows: 
 

An adverse effect is found when an undertaking may alter, directly or 
indirectly, any of the characteristics of a historic property that qualify the 
property for inclusion in the National Register in a manner that would 
diminish the integrity of the property's location, design, setting, materials, 
workmanship, feeling, or association. Consideration shall be given to all 
qualifying characteristics of a historic property, including those that may 
have been identified subsequent to the original evaluation of the property's 
eligibility for the National Register.  Adverse effects may include 
reasonably foreseeable effects caused by the undertaking that may occur 
later in time, be farther removed in distance or be cumulative (36 CFR § 
800.5(a)(1)). 

 
5.3.7 Step 7 – Reporting 
 
YCWA will prepare a report at the conclusion of the study that includes the following sections: 
1) Study Goals and Objectives; 2) Methods; 3) Results; 4) Discussion, and; 5) Description of 
Variances from the FERC-approved study proposal, if any.   
 
Copies of this report will be provided to the affected Indian tribes, Forest Service, SHPO, CSU at 
Chico, NEIC, CSU at Sacramento, NCIC, and FERC.  Copies of the final report and detailed 
locations of identified properties may be withheld from public disclosure in accordance with 
Section 304 (16 U.S.C. 4702-3) of the NHPA, as amended. Concurrence on report 
recommendations will be sought from SHPO.  Tribes, Forest Service, and other interested parties 
will be provided the opportunity to review the TCP report before it is sent to SHPO for 
concurrence. 
 
As requested by FERC, a draft Historic Properties Management Plan (HPMP) will be prepared 
using the results of the study, in consultation with the affected tribes, TNF, PNF, and the SHPO 
and included with the Draft License Application.  Development and review of the HPMP iIs not 
part of this study.  A final HPMP will be included in the Final License Application.   
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6.0 Study-Specific Consultation 
 
YCWA will engage in the following study-specific consultation: 
 
 YCWA will obtain SHPO’s concurrence with the APE.  (Step 1.) 

 YCWA will coordinate its selection of the ethnographer with the assistance of affected tribes 
and other interested cultural/tribal stakeholders (Step 3).  

 YCWA’s ethnographer will consult with tribal representatives (i.e., tribal chair, tribal 
council, elders, as directed by the tribes) to determine the scope and breadth of interviews 
(Step 3). 

 YCWA’s ethnographer will contact the appropriate tribe(s) and interested tribal and cultural 
stakeholders to arrange for interviews at a time and location acceptable to those tribal 
Interviewees.  All consultation will be undertaken in accordance with Section 106 of the 
NHPA, as amended, and shall be consistent with National Register Bulletin No. 38, 
Guidelines for Evaluating and Documenting Identification of Traditional Cultural Properties 
(Parker and King 1998) (Step 3). 

 If field visits are needed, YCWA’s ethnographer will contact by telephone, U.S. Postal Mail, 
and/or electronic mail to invite tribal interviewees, tribal representatives and the Forest 
Service, if the sites are located on Forest Service-managed land, to visit archaeological sites 
that may be of interest to the tribes (Step 4). 

 Tribes, Forest Service, and other interested parties will be provided the opportunity to review 
the TCP report before it is sent to SHPO for concurrence (Step 7). 

 

7.0 Schedule 
 
YCWA anticipates the schedule to complete the study proposal is as follows, assuming FERC 
issues its Study Determination by September 16, 2011 and the study is not disputed by a 
mandatory conditioning agency: 
 
Planning/Pre-field Arrangements (Step 1) ...................................... October 2011 - December 2011 
Field Work (Steps 2, 3 & 4) ...................................................................... October 2011 - July 2012 
Office Work (Steps 5 & 6) ......................................................................... July 2012 - August 2012 
Report Preparation (Step 7) ............................................................. August 2011 - September 2012 
 

8.0 Consistency of Methodology with Generally Accepted 
Scientific Practices 

 
The proposed study methods discussed above are consistent with the study methods followed in 
several recent relicensing projects.  These methods have been accepted by the participating 
Indian tribes, agencies, and other interested parties associated with those projects.  The methods 
presented in this study plan also are consistent with the ACHP’s guidelines for compliance with 
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the requirements of Section 106 of the NHPA found at 36 CFR 800 and with the related 
guidance set forth in National Register Bulletin 38. (Parker and King 1998.). 
 

9.0 Level of Effort and Cost 
 
YCWA estimates the cost to complete this sStudy in 2011 dollars is between $121,500 and 
$139,000. 
 

10.0 References Cited 
 
Parker, Patricia L., and Thomas F. King.  1998.  Guidelines for Evaluating and Documenting 

Traditional Cultural Properties.  Revised.  National Register Bulletin 38.  U.S. 
Department of the Interior, National Park Service, National Register, History, and 
Education Division, Washington, D.C. 

United States Fish & Wildlife Services (USFWS). 2011. Traditional Ecological Knowledge: For 
Application by Service Scientists.  U.S. Department of the Interior, U.S. Fish & Wildlife 
Services, Arlington, Virginia. 

Yuba County Water Agency (YCWA).  2010.  Yuba River Development Project Relicensing 
Pre-Application Document.  Yuba County Water Agency, Marysville, CA.  
http://www.ycwa-relicensing.com. 

Yuba County Water Agency (YCWA).  2009.  Yuba River Development Project Preliminary 
Information Package.  September 2009. 

 
 



 

 
Traditional Cultural Properties RevisedProposed Study Plan AugustApril 18, 2011 
 ©2011, Yuba County Water Agency 

 
 
 
 
 
 
 

ATTACHMENT 13-1A 
 

AREA OF POTENTIAL EFFECTS MAPS 
 
 



Yuba County Water Agency  
Yuba River Development Project  
FERC Project No. 2246 
 

 
Traditional Cultural Properties RevisedProposed Study Plan AugustApril 18, 2011 
 ©2011, Yuba County Water Agency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Page Left Blank 


	Study 03-10 - Attachment 3.10A - Habitat Mapping Report All.pdf
	Study 03-10 - Attachments.pdf
	3.10 Attachment HM DATA- combined.pdf
	YCWA HM Data.pdf
	Mainstem Yuba below Colgate HM Photos.pdf
	Mainstem Yuba HM Raw Data.pdf
	Yuba below Colegate PH.pdf
	Yuba above Colgate PH.pdf
	YCWA HM Yuba below MY.pdf

	Mainstem Yuba - Habitat Mapping Data.pdf

	Middle Yuba data.pdf
	1 MY above NY Jnctn HM Photos.pdf
	2 MY below HWY 49 HM Photos.pdf
	3 MY above Oregon Ck HM Photos.pdf
	4 MY below Our House Dam HM Photos.pdf
	MY HM Raw Data.pdf
	YCWA HM MY above NY.pdf
	YCWA HM MY below Hwy 49.pdf
	YCWA HM MY above Oregon Ck.pdf
	YCWA HM MY below Our House.pdf

	Middle Yuba - Habitat Mapping Data.pdf

	North Yuba data.pdf
	1 N Yuba above M Yuba Junctn HM Photos.pdf
	2 N Yuba below New Bullards Bar HM Photos.pdf
	North Yuba HM Raw Data.pdf
	North Yuba - Habitat Mapping Data.pdf

	Oregon Creek data.pdf
	Oregon Creek Photos.pdf
	Oregon Ck HM Raw Data.pdf
	Oregon Creek Habitat Mapping Data.pdf




	Study 12-01 - Historic Properties - Attachment 1 - APE Map.pdf
	CulturalAPE_01
	CulturalAPE_02
	CulturalAPE_03
	CulturalAPE_04
	CulturalAPE_05
	CulturalAPE_06
	CulturalAPE_07
	CulturalAPE_08

	Study 13-01 - Native American TCP - Attachment 1 - APE Map.pdf
	CulturalAPE_01
	CulturalAPE_02
	CulturalAPE_03
	CulturalAPE_04
	CulturalAPE_05
	CulturalAPE_06
	CulturalAPE_07
	CulturalAPE_08

	Study 12-01 - Historic Properties - Attachment 12.1A - APE Map.pdf
	Attachment12_1ACulturalAPE_01
	Attachment12_1ACulturalAPE_02
	Attachment12_1ACulturalAPE_03
	Attachment12_1ACulturalAPE_04
	Attachment12_1ACulturalAPE_05
	Attachment12_1ACulturalAPE_06
	Attachment12_1ACulturalAPE_07
	Attachment12_1ACulturalAPE_08

	Study 13-01 - Native American TCP - Attachment 13.1A - APE Map.pdf
	Attachment13_1ACulturalAPE_01
	Attachment13_1ACulturalAPE_02
	Attachment13_1ACulturalAPE_03
	Attachment13_1ACulturalAPE_04
	Attachment13_1ACulturalAPE_05
	Attachment13_1ACulturalAPE_06
	Attachment13_1ACulturalAPE_07
	Attachment13_1ACulturalAPE_08




