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PREFACE

The following is the draft final report for the U.Bsh and Wildlife Service’s investigations on
anadromous salmonid rearing habitat in the Yub&Rpetween Englebright Dam and the
Feather River, part of the Central Valley Projesptovement Act (CVPIA) Instream Flow
Investigations,a 6-year effort which began in October, 2801 Title 34, Section 3406(b)(1)(B)
of the CVPIA, P.L. 102-575, requires the Secretdrthe Interior to determine instream flow
needs for anadromous fish for all Central Vallegj&et controlled streams and rivers, based on
recommendations of the U.S. Fish and Wildlife Ssxafter consultation with the California
Department of Fish and Game. The purpose of tineestigations is to provide scientific
information to the U.S. Fish and Wildlife Servicer@ral Valley Project Improvement Act
Program to assist in developing such recommendatmmCentral Valley rivers.

Written comments or information can be submitted to

Mark Gard, Senior Biologist
Energy Planning and Instream Flow Branch
U.S. Fish and Wildlife Service
Sacramento Fish and Wildlife Office
2800 Cottage Way, Room W-2605
Sacramento, CA 95825

Mark_Gard@fws.gov

! This program is a continuation of a 7-year effaf$p titled the Central Valley Project
Improvement Act Instream Flow Investigations, whiah from February 1995 through
September 2001.
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ABSTRACT

Flow-habitat relationships were derived for sprialifrun Chinook salmon and
steelhead/rainbow trout fry and juvenile rearinghe lower Yuba River between Englebright
Dam and the Feather River. A 2-dimensional hydcaand habitat model (River2D) was used
for this study to model available habitat. Habiais modeled for eight sites above Daguerra
Point Dam and ten sites below Daguerra Point Damlwivere representative of the
mesohabitat types available in the two segmentsgong/fall-run Chinook salmon and
steelhead/rainbow trout fry and juvenile rearif8gd topography was collected for these sites
using a total station in dry and shallow portiohshe sites and with an Acoustic Doppler
Current Profiler (ADCP) in the deeper portionsiod site. Additional data was collected to
develop stage-discharge relationships at the wgrsetend downstream end of the sites as an input
to River2D. Velocities measured at shallow loaadin the site, along with velocities measured
by the ADCP, were used to validate the velocitymtons of River2D. The raw topography
data was refined by defining breaklines going wwdhannel along features such as thalwegs,
tops of bars and bottoms of banks. A finite elenoemputational mesh was then developed to
be used by River2D for hydraulic calculations. &RD hydraulic data were calibrated by
adjusting bed roughnesses until simulated watdaseirelevations matched measured water
surface elevations. The calibrated files for esithwere used in River2D to simulate hydraulic
characteristics for 30 simulation flows. Habitaitability criteria (HSC) were developed from
depth, velocity, adjacent velocity and cover measients collected at the locations of 178
spring/fall-Chinook salmon fry, 39 spring/fall-Cloiok salmon juvenile, 195 steelhead/rainbow
trout fry and 74 steelhead/rainbow trout juvenibservations. The horizontal locations of a
subset of these observations, located in sevdmeatighteen study sites, were measured with a
total station to use in biological verificationtbie habitat models. Logistic regression was used
to develop the HSC. Transferability tests weredusedetermine if HSC from the Sacramento
River would transfer to spring/fall-Chinook salmand steelhead/rainbow trout juveniles.
Sacramento River cover HSC transferred to bothispedepth HSC transferred only to
steelhead/rainbow trout, and velocity and adjaveltdcity HSC did not transfer to either species.
Biological verification was accomplished by tegtiwith a Mann-Whitney U test, whether the
combined suitability predicted by River2D was highefry and juvenile locations versus at
locations where fry and juveniles were absent. Qibgical verification did not show a
significant difference between the suitability @tapied and unoccupied locations. The peak of
the flow habitat relationship curves developedis study are the following. In the Above
Daguerra Segment, the 2-D model predicts the higbhtd WUA for spring/fall-run Chinook
salmon fry at 4,300 cfs and for spring/fall-run @k salmon juveniles at 1,300 cfs. In the
Above Daguerra Segment, the 2-D model predict$idieest total WUA for steelhead/rainbow
trout fry at 400 cfs and for steelhead/rainbow tijaueniles at 1,000 cfs. In the Below Daguerra
Segment, the 2-D model predicts the highest totdl\for spring/fall-run Chinook salmon fry
rearing at 4,500 cfs and for spring/fall-run Chik@almon juvenile rearing at 2,000 cfs. In the
Below Daguerra Segment, the 2-D model predictitjeest total WUA for steelhead/rainbow
trout fry rearing at 500 cfs and for steelheadlau trout juvenile rearing at 2,000 cfs.
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INTRODUCTION

In response to substantial declines in anadromehgpbpulations, the Central Valley Project
Improvement Act provided for enactment of all rezsule efforts to double sustainable natural
production of anadromous fish stocks includingfthe races of Chinook salmon (fall, late-fall,
winter, and spring runs), steelhead, white andrgstergeon, American shad and striped bass.
The Lower Yuba River, between Englebright Dam dredReather River confluence, is a major
contributor to anadromous salmonid production en@entral Valley and supports the largest
stock of Chinook salmon that is not supplementetdigheries. The focus of this study was the
Lower Yuba River, the only portion of the Yuba Riaecessible for spring and fall-run Chinook
salmon and steelhead spawning and juvenile reafiog.the Yuba River downstream of
Englebright Dam, the Central Valley Project Impnmant Act Anadromous Fish Restoration
Plan calls for improved flows for all life histosgages of Chinook salmon and steelhead (U.S.
Fish and Wildlife Service 1995)Subsequently, Yuba County Water Agency, collabuedyi
with the National Marine Fisheries Service, the UE&h and Wildlife Service, the
California Department of Fish and Game and Non-Gorental Organizations, diligently
worked to develop a comprehensive set of improved fegimes, which now are the Flow
Schedules of the Lower Yuba River Accord (HDR/SWRD7). In June 2001, the U.S. Fish
and Wildlife Service prepared a study proposatemtify the instream flow requirements for
anadromous fish in certain streams within the GéMalley of California, including the Yuba
River. The objective of this study was to prodotedels predicting habitat-discharge
relationships in the Yuba River for spring/fall-r@minook salmon and steelhead/rainbow trout
rearing. The tasks and their associated objectixegiven in Table 1.

To develop a flow regime which will accommodate liaditat needs of anadromous species
inhabiting streams, it is necessary to determiea¢hationship between streamflow and habitat
availability for each life stage of each specibsthis study, we apply the models and techniques
contained within the Instream Flow Incremental Metblogy (IFIM) to establish these
relationships. The IFIM is a habitat-based toaladeped by the U.S. Fish and Wildlife Service
to assess instream flow problems (Bovee 1996). dBleesion variable generated by the IFIM is
total habitat, in units of Weighted Useable Ared X, for each life stage (fry, juvenile and
spawning) of each evaluation species (or race plgedto Chinook salmon). The process of
computing habitat starts with developing a spatieplicit index, based on hydrodynamic and
habitat variables. The index is multiplied by at@@ompute WUA. Habitat incorporates both
macro- and microhabitat features. Macrohabitaufes include longitudinal changes in channel
characteristics, base flow, water quality, and wegmperature. Microhabitat features include the
hydraulic and structural conditions (depth, velpcsubstrate or cover) which define the actual
living space of the organisms. The total habivailable to a species/life stage at any streamflow
is the area of overlap between available microlasbid suitable macrohabitat conditions.
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Table 1. Study tasks and associated objectives.

Task Objective
study segment selection determine the number and aerial extent of study segments
habitat mapping delineate the aerial extent and habitat type of mesohabitat units

field reconnaissance and study site select study sites which adequately represent the mesohabitat
selection types present in the study segments

transect placement (study site setup) delineate the upstream and downstream boundaries of the study
sites, coinciding with the boundaries of the mesohabitat units
selected for study

hydraulic and structural data collect the data necessary to develop stage-discharge

collection relationships at the upstream and downstream boundaries of the
site, to develop the site topography and cover distribution, and to
use in validating the velocity predictions of the hydraulic model of
the study sites

hydraulic model construction and predict depths and velocities throughout the study sites at a range
calibration of simulation flows

habitat suitability criteria data collect depth, velocity, adjacent velocity and cover data for
collection spring/fall-run Chinook salmon and steelhead/rainbow trout to be

used in developing habitat suitability criteria

biological verification data collection record the horizontal location of fry and juveniles within the study
sites to use in the biological verification of the habitat models of
the study sites

habitat suitability criteria development develop indices to translate the output of the hydraulic models into
habitat quality

biological verification determine if the combined suitability of locations with fry and
juveniles had higher suitability that those of unoccupied locations

habitat simulation compute weighted useable area for each study site over a range
of simulation flows using the habitat suitability criteria and the
output of the hydraulic model

A conceptual model of the link between rearing taland population change may be described
as follows. Changes in flows result in changedapths and velocities. These changes, in turn,
along with the distribution of cover, alter the ambof habitat area for fry and juvenile rearing
for anadromous salmonids. Changes in the amoumalmtat for fry and juvenile rearing could
affect rearing success through alterations in tmalitions that favor fry and juvenile growth and
promote survival. These alterations in rearingcegs could ultimately result in changes in
salmonid populations.

There are a variety of alternative techniques atba&lto evaluate fry and juvenile rearing habitat,
but they can be broken down into three generaboaiees: 1) habitat modeling; 2) biological
response correlations; and 3) demonstration flsgsmnent (Annear et al. 2002). Biological
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response correlations can be used to evaluategdaabitat by examining juvenile production
estimates at different flows (Hvidsten 1993). Disantages of this approach are: 1) difficulty in
separating out effects of flows from year to yeanation in escapement and other factors; 2) the
need for many years of data; 3) the need to assumear relationship between juvenile
production and flow between each observed flow; &nthe inability to extrapolate beyond the
observed range of flows. Demonstration flow agsesgs (CIFGS 2003) use direct observation
of river habitat conditions at several flows; atleflow, polygons of habitat are delineated in the
field. Disadvantages of this approach are: 1lnénd to have binary habitat suitability criteria;
2) limitations in the accuracy of delineation o¢ gholygons; 3) the need to assume a linear
relationship between habitat and flow between edbderved flow; and 4) the inability to
extrapolate beyond the observed range of flowseBan the above discussion, we selected
habitat modeling (i.e. IFIM) as the technique taused for evaluating anadromous salmonid
rearing habitat in the Yuba River.

Flows to be evaluated for management range frormamam of 150 cubic feet per second (cfs)
downstream of Daguerra Point Dam (the lowest flowthie Yuba River Accord) and a minimum
of 400 cfs upstream of Daguerra Point Dam (theenurBtate Water Resources Control Board
minimum flow) to a maximum of 4,170 cfs (the comdaincapacity of Narrows | and II).
Accordingly, the range of study flows (400 to 4,539 upstream Daguerra Point Dam and 150 to
4,500 cfs downstream of Daguerra Point Dam) encssgsathe range of flows to be evaluated
for management. The assumptions of this study &yghysical habitat is the limiting factor for
salmonid populations in the Yuba River; 2) reatiadpitat quality can be characterized by depth,
velocity, adjacent velocity and cover; 3) the eggint study sites are representative of anadromous
salmonid rearing habitat in the Yuba River; anth&pretical equations of physical processes
along with a description of stream bathymetry pdevsufficient input to simulate velocity
distributions through a study site.

METHODS

1. Approach

A two-dimensional model, River2D Version 0.93 Novmn11, 2006 by P. Steffler, A. Ghanem,
J. Blackburn and Z. Yang (Steffler and Blackbur@20was used for predicting Weighted
Useable Area (WUA), instead of the Physical HatStatulation (PHABSIM). River2D inputs
include the bed topography and bed roughness henddter surface elevation at the downstream
end of the site. The amount of habitat presettarsite is computed using the depths and
velocities predicted by River2D, and the substaaig cover present in the site. River2D avoids
problems of transect placement, since data isatelieuniformly across the entire site. River2D

2PHABSIM is the collection of one dimensional hydi@aand habitat models which can
be used to predict the relationship between phlysadaitat availability and streamflow over a
range of river discharges.
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also has the potential to model depths and veéscdver a range of flows more accurately than
would PHABSIM because River2D takes into accourstigam and downstream bed topography
and bed roughness, and explicitly uses mechamsticesses (conservation of mass and
momentum), rather than Mannisdgequation and a velocity adjustment factor (Lecédral.

1995). Other advantages of River2D are that iteogolicitly handle complex hydraulics,
including transverse flows, across-channel vanmitiowater surface elevations, and flow
contractions/expansions (Ghanem et al. 1996, Croamie Diplas 2000, Pasternack et al. 2004).
With appropriate bathymetry data, the model scbtamall enough to correspond to the scale of
microhabitat use data with depths and velocitiesipced on a continuous basis, rather than in
discrete cells. River2D, with compact cells, skidog¢ more accurate than PHABSIM, with long
rectangular cells, in capturing longitudinal vaoatin depth, velocity and substrate. River2D
should do a better job of representing patchy rhigbitat features, such as gravel patches. The
data for two-dimensional modeling can be colleatét a stratified sampling scheme, with
higher intensity sampling in areas with more comm@emore quickly varying microhabitat
features, and lower intensity sampling in areab wrtiformly varying bed topography and
uniform substrate. Bed topography and substrafgpimg data can be collected at a very low
flow, with the only data needed at high flow bewater surface elevations at the up- and
downstream ends of the site and flow, and edgecitis for validation purposes. In addition,
alternative habitat suitability criteria, such asasures of habitat diversity, can be used.

The upstream and downstream transects were mogélethe PHABSIM component of IFIM

to provide water surface elevations as an inpthéd-D hydraulic and habitat model (River2D,
Steffler and Blackburn 2002) used in this studg(Feé 1). By calibrating the upstream and
downstream transects with PHABSIM using the cofidatalibration water surface elevations
(WSELSs), we were able to predict the WSELSs for ¢hieansects for the various simulation flows
that were to be modeled using River2D. We calditahe River2D models using the highest
simulation flow. The highest simulation WSELs potedd by PHABSIM for the upstream and
downstream transects were used for the upstreamdaoyicondition (in addition to flow) and
the downstream boundary condition. The PHABSIMdmed WSEL for the upstream transect
at the highest simulation flow was used to asaexalibration of the River2D model at the
highest simulation flow. After the River2D modehsvcalibrated at the highest simulation flow,
the WSELSs predicted by PHABSIM for the downstreaams$ect for each simulation flow were
used as an input for the downstream boundary dondir River2D model production files for
the simulation flows.

2. Study Segment Delineation

Study segments were delineated within the studshre&the Yuba River between Englebright
Dam and the Feather River (Figure 2) based onrdiifges in flow. Details on the methods used
to delineate study segments are given in U.S. &ishwildlife Service (2008).
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3. Habitat Mapping

Mesohabitat mapping was performed August 11-13320this work consisted of boating
upstream from the confluence with the Feather Riwéhe upstream end of the Narrows and
hiking down from Englebright Dam to the upstreard ehthe Narrows, delineating the
mesohabitat units. Using habitat typing protoctdseloped by the California Department of
Fish and Game (CDFG) (Snider et al. 1992), the YRibvar was habitat mapped between the
confluence with the Feather River and EnglebrightiD The CDFG habitat typing protocols
designates 12 mesohabitat types: bar complexgylisler complex pools, bar complex riffles, bar
complex runs, flatwater glides, flatwater poolafwlater riffles, flatwater runs, side channel
glides, side channel pools, side channel riffl@sl side channel runs (Table 2). Aerial photos
were used in conjunction with direct observatianddétermine the aerial extent of each habitat
unit. The location of the upstream and downstreaomdaries of habitat units was recorded
with a Global Positioning System (GPS) unit. Thditat units were also delineated on the
aerial photos. Following the completion of the otesbitat mapping on August 13, 2003, the
mesohabitat types and number of habitat units di éabitat type in each segment were
enumerated, and shapefiles of the mesohabitat weits created in a Geographic Information
System (GIS) using the GPS data and the aeriabph®he area of each mesohabitat unit was
computed in GIS from the above shapefiles.

4, Field Reconnaissance and Study Ste Selection

Based on the results of habitat mapping, we selegigght juvenile habitat study sites that,
together with ten previously selected sites (UiSh Bnd Wildlife Service 2008), adequately
represent the mesohabitat types present in eaamesg The eight new study sites were placed
in mesohabitat types that were not adequately septed in the ten previously selected study
sites. Mesohabitat types were considered adeguat@lesented by at least one mesohabitat unit
of less common mesohabitat types and multiple nmadstdt units of more common mesohabitat
types. As a result, the mesohabitat compositiadh®ftudy sites, taken together, were roughly
proportional to the mesohabitat composition oféh@re reach. The eight new study sites were
randomly selected, stratified by mesohabitat typ@nsure unbiased selection of the study sites.
On August 14, 2003, we visited the potential stsitlys that had been selected through this
process to ascertain their suitability for 2-D mlote Due to the logistical difficulties with
accessing and transporting needed equipment ablavgeahydraulic barrier at the upper end of
the Narrows (River Mile [RM] 22.6), the study sit@sre confined to downstream of that barrier.
For the sites selected for modeling, the landowaknsg both riverbanks were identified and
temporary entry permits were sent, accompanieddmyar letter, to acquire permission for entry
onto their property during the course of the study.
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Table 2. Habitat type definitions.

Habitat Type

Definition

Bar Complex

Flatwater
Side Channel

Pool

Glide

Run

Riffle

Submerged and emergent bars are the primary feature, sloping cross-
sectional channel profile.

Primary channel is uniform, simple and without gravel bars or channel
controls, fairly uniform depth across channel.

Less than 20% of total flow.

Primary determinant is downstream control - thalweg gets deeper as go
upstream from bottom of pool. Fine and uniform substrate, below
average water velocity, above average depth, tranquil water surface.

Primary determinants are no turbulence (surface smooth, slow and
laminar) and no downstream control. Low gradient, substrate uniform
across channel width and composed of small gravel and/or sand/silt,
depth below average and similar across channel width (but depth not
similar across channel width for Bar Complex Glide), below average
water velocities, generally associated with tails of pools or heads of
riffles, width of channel tends to spread out, thalweg has relatively
uniform slope going downstream.

Primary determinants are moderately turbulent and average depth.
Moderate gradient, substrate a mix of particle sizes and composed of
small cobble and gravel, with some large cobble and boulders, above
average water velocities, usually slight gradient change from top to
bottom, generally associated with downstream extent of riffles, thalweg
has relatively uniform slope going downstream.

Primary determinants are high gradient and turbulence. Below average
depth, above average velocity, thalweg has relatively uniform slope
going downstream, substrate of uniform size and composed of large
gravel and/or cobble, change in gradient noticeable.

5. Transect Placement (study site set-up)

Eight study sites (Figure 2) were established Ddés#r@003. Whenever possible, the study site
boundaries (up- and downstream transects) weretedleo coincide with the boundaries of the
associated mesohabitat unit. The location of thesmdaries was established during site setup
by navigating to the points marked with the GPS daring our mesohabitat mapping. In some
cases, the upstream or downstream boundary haslrtwled upstream or downstream to a
location where the hydraulic conditions were maneofable to modeling (e.g., more linear
direction of flow, more consistent water surfacevations from bank to bank).
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For each study site, a transect was placed atpdieaam and downstream end of the site. The
downstream transect was modeled with PHABSIM twiol®water surface elevations as an
input to River2D. The upstream transect was usealibrating River2D - bed roughnesses are
adjusted until the WSEL at the top of the site pted! by River2D matches the WSEL predicted
by PHABSIM. Transect pins (headpins and tailpius)e installed on each river bank above the
7,000 cfs water surface level using rebar drivéa the ground and/or lag bolts placed in tree
trunks. Survey flagging was used to mark the looatof each pin.

6. Hydraulic and Structural Habitat Data Collection

Vertical benchmarks were established at eachsernve as the reference elevations to which all
elevations (streambed and water surface) were #etical benchmarks consisted of lag bolts
driven into trees or painted bedrock points. Idiadn, horizontal benchmarks (rebar driven into
the ground) were established at each site for stédilon placement to serve as the reference
locations to which all horizontal locations (nortgs and eastings) were tied when collecting bed
topography data. The precise northing and easbingdinates and vertical elevations of two
horizontal benchmarks were established for eaetbsithe U.S. Bureau of Reclamation using
real time kinematic survey-grade differential GPJwe elevations of these benchmarks were tied
into the vertical benchmarks on our sites usinfecehtial leveling. Collection of site bed
topography data relative to these values was usetply to enable the incorporation of bed
topography data collected for the Yuba River byh®. Army Corps of Engineers using
photogrammetry and hydro-acoustic mapping.

Hydraulic and structural data collection began ac@nber 2003 and was completedpnil

2007. The precision and accuracy of the field equipmeetduor the hydraulic and structural
data collection is given in Table 3. The dataexikd at the inflow and outflow transects
included: 1) WSELs measured to the nearest 0.6tlafoa minimum of three significantly
different stream discharges using standard surgewichniques (differential leveling); 2) wetted
streambed elevations determined by subtracting#esured depth from the surveyed WSEL at
a measured flow; 3) dry ground elevations to paatigve bankfull discharge surveyed to the
nearest 0.1 foot; 4) mean water column velocitieasared at a mid-to-high-range flow at the
points where bed elevations were taken; and 5)tsaiBsand cover classification at these same
locations (Tables 4 and 5) and also where dry gt@levations were surveyed.

When conditions allowed, WSELs were measured albartly banks and in the middle of each
transect. Otherwise, the WSELSs were measured &otigbanks. If the WSELs measured for a
transect were within 0.1 foot of each other, theBAMSat each transect were then derived by
averaging the two to three values. If the WSEled#d by greater than 0.1 foot, the WSEL for
the transect was selected based on which sidedfahsect we considered most representative
of the flow conditions.

3 Substrate was only used to calculate bed roughness.
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Table 3. Precision and accuracy of field equipment. The precision of the ADCP is the
statistical uncertainty (1 o) of the horizontal velocities, and varies depending on the
depth cell size and mode. A blank means that that information is not available.

Equipment Parameter Precision Accuracy
ADCP Velocity 7.7—-37cmls 0.2% £ 0.2 cm/s
ADCP Depth 4%

Marsh-McBirney Velocity + 2% + 0.05 ft/s
Price AA Velocity + 6% at 0.25 ft/s to
+1.5% at vel > 1.5 ft/s

Total Station Slope Distance £ (5ppm + 5) mm

Total Station Angle 4 sec

Electronic Distance Meter  Slope Distance 0.05 ft
Autolevel Elevation 0.01 ft
GPS Horizontal Location 3-7m

Depth and velocity measurements in portions otittiesects with depths greater than 3 feet were
made with a RD Instrumenit8road-Band A&oustic oppler Qirrent Rofiler (ADCP)* mounted

on a boat, while depths and velocity measuremergballower areas were made by wading with
a wading rod equipped with a Marsh-McBirflegodel 2000 or Price AA velocity meter until the
water became sufficiently deep to operate the Agpproximately 3 feet). The ADCP settings
used are shown in Table 6. The distance intenfadaich depth and velocity measurement from
the headpin or tailpin were measured using a hatdllaser range finder At the location of the
last depth and velocity measurement made whilengaa@i buoy was placed to serve as a starting
point for the ADCP. The boat was then positionethsit the ADCP started operation at the
buoy, and water depth and velocity data were c@tkacross the transect up to the location near
the opposite bank where water depths of approxignatéeet were reached. A buoy was placed
at the location where ADCP operation ceased angribeedure used for measuring depths and
velocities in shallow water was repeated untilfarebank water’s edge was reached. Additional
details on the ADCP operation are given in Gard Baltard (2003).

Substrate and cover classification was accomplisisety underwater video equipment along the
deepwater portion of the transects (generally tlamsas with depths greater than 10 feet) and
visually in shallow water. The underwater videaipgent consists of two waterproof remote
cameras mounted on an aluminum frame with two 3tiddead bombs. One camera was

* For a portion of the Narrows site data collectetvieen the transects, we used a RD
InstrumentRio Grande ADCP.

> The stations for the dry ground elevation measungésneere also measured using the
hand held laser range finder.
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Table 4. Substrate codes, descriptors and particle sizes.

Code Type Particle Size (inches)
0.1 Sand/Silt <0.1
1 Small Gravel 01-1
1.2 Medium Gravel 1-2
1.3 Medium/Large Gravel 1-3
2.3 Large Gravel 2-3
2.4 Gravel/Cobble 2-4
3.4 Small Cobble 3-4
3.5 Small Cobble 3-5
4.6 Medium Cobble 4-6
6.8 Large Cobble 6-8
8 Large Cobble 8-10
9 Boulder/Bedrock > 12
10 Large Cobble 10-12

mounted facing forward, depressed at a 45° angia the horizontal, and the second camera
was mounted such that it faced directly down adaghgle from the horizontal. The camera
mounted at a 45° angle was used for distinguisbtiranges in substrate size and cover types,
while the camera mounted at 90° was used for degessbstrate size and cover type. The frame
is attached to a cable/winch assembly, while ars¢paable from the remote cameras is
connected to two TV monitors on the boat. The tmanmitors are used by the winch operator to
distinguish changes in substrate size and coverdyp determine the substrate size and cover
type. Substrates and cover were visually assdsséty a calibrated gricon the monitor

connected to the 90° camera) for the dominantgarsize range for substrate (e.g., range of 2-4
inches) and for cover type. The substrate sizdsawer types were directly visually assessed
from the headpin or tailpin to the location alohg transect where the water became too deep for
further direct visual assessment. At each chamgebstrate size class or cover type, the distance
from the headpin or tailpin was measured usingral lmeeld laser range finder. A buoy was

® The grid was calibrated so that, when the cameradrwas 1 foot off the bottom, the
smallest grid corresponded to a 2-inch substragenéxt largest grid corresponded to a 4-inch
substrate, etc.
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Table 5. Cover coding system.

Cover Category Cover Code
No cover 0
Cobble 1
Boulder 2
Fine woody vegetation (< 1" diameter) 3
Fine woody vegetation + overhead 3.7
Branches 4
Branches + overhead 4.7
Log (> 1' diameter) 5
Log + overhead 5.7
Overhead cover (> 2' above substrate) 7
Undercut bank 8
Aquatic vegetation 9
Aquatic vegetation + overhead 9.7
Rip-rap 10

placed at the location where direct visual assessstepped and assessment from that point was
continued across the transect by boat using theovedmera assembly, with the distances where
substrate size or cover type changed again measittethe hand held laser range finder. A

buoy was again dropped at the location along #iestct near the opposite shore where substrate
and cover could be directly visually assessed. stiistrate and cover over the remaining
distance from the buoy to the end of the transest assessed using the same visual methods
used on the opposite bank. Additional detailshenunderwater video equipment operation are
given in Gard and Ballard (2003).

Data collected between the transects includeded)elevation; 2) northing and easting
(horizontal location); 3) substrate; and 4) covEhese parameters were collected at enough
points to characterize the bed topography, sulestnad cover of the sites. We used two
techniques to collect the data between the upstesahdownstream transects: 1) for areas that
were dry or shallow (less than three feet), bedatien and horizontal location of individual
points were obtained with a total station, while tover and substrate were visually assessed at
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Table 6. Configuration (CFG) files used for ADCP data. The first two (for the Rio
Grande ADCP) or four (for the Broad-Band ADCP) characters of the ADCP traverse
designates which CFG file (containing the ADCP settings) was used for the traverses.
WT is the water track transmit length. The first seven files were used with the Broad-
Band ADCP, while the latter two files were used with the Rio Grande ADCP.

CFG Mode Depth Cell Depth Cell Max Pings WT First Blanking
File Size (cm) Number Bottom Depth Dist. (cm)
Track (ft) Cell (ft)
D45D 8 20 30 26 4 5 1.94 20
MDS8A 8 20 15 26 4 5 1.61 10
MD4H 4 20 50 52 4 5 1.84 10
MD4G 4 20 50 39 4 5 1.84 10
MD4C 4 10 30 26 4 5 151 10
MD4A 4 20 15 26 4 5 1.84 10
MD1D 1 10 60 26 10 5 1.87 10
DF 1 20 40 26 5 1.20 10
VS 1 20 100 66 5 1.30 10

each point; and 2) in portions of the site withttispgyreater than three feet, the ADCP was used
in concert with the total station to obtain bedvateon and horizontal location. Specifically, the
ADCP was run across the channel at 50 to 150-faetvals, with the initial and final horizontal
location of each run measured by the total statibme WSEL of each ADCP run was measured
with the level before starting the run. The WSEleach run was then used together with the
depths from the ADCP to determine the bed elevaifaach point along the run. For sites
where there was no U.S. Army Corps of Engineershyavoacoustic data upstream of the site,
we collected a limited amount of ADCP traverse dgdstream of the site to use for the upstream
extension or used a one-channel-width artificiaéegion upstream of the top of the site.

For the collection of the substrate and cover datthe ADCP traverses for the sites, the initial
and final locations of each deep bed elevatiorenseswere marked with buoys prior to the
ACDP traverses. The deep substrate and covemdat@ollected immediately following the
completion of the deep bed elevation data collediio a site, with buoys placed prior to the
collection of the deep bed data and used duringdhection of the deep substrate and cover
data. For deepwater (generally greater than 1) peetions of the traverses, the underwater
video and hand held laser range finder were thed tsdetermine the substrate and cover along
each traverse, so that substrate and cover vatudd lbe assigned to each point of the traverse.
In shallower portions of the traverses, the substrad cover were directly visually assessed.
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Velocities at each point measured by the ADCP wsgeal to validate the 2-D model for deep
areas within a site. To validate the velocitiesdiected by the 2-D model for shallow areas
within a site, depth, velocity, substrate and caoweasurements were collected aldimg right

and left banksvithin each site by wading with a wading rod eqeigpvith a Marsh-McBirnédy
model 2000 or a Price AA velocity meter. Thesedadlon velocities and the velocities
measured on the transects described previouslycediexted at 0.6 of the depth for 20 seconds.
The horizontal locations and bed elevations weterded by sighting from the total station to a
stadia rod and prism held at each point where depdhvelocity were measured. A minimum of
25 representative points were measured along tigghief each side of the river per site.
Velocity data collected on the PHABSIM transectsi@pths of approximately 3 feet or less
where the ADCP could not be utilized were also usedhlidate the velocities predicted for
shallow areas within the site.

For sites where there was a gradual gradient charthe vicinity of the downstream transect,
there could be a point in the thalweg downstreath@idownstream transect that was higher
than that measured at the downstream transectegalwhis Stage of Zero Flow (SZF)
downstream of the downstream transect acts asteoton the water surface elevations at the
downstream transect. Because the true SZF is deedecurately calibrate the water surface
elevations on the downstream transect, this SAZRdrihalweg downstream of the downstream
transect was surveyed in using differential lewgelin

7. Hydraulic Model Construction and Calibration
7.1. PHABSIM WSEL Calibration

All data were compiled and checked before entry PFHHABSIM files for the upstream and
downstream transects. American Standard Cod@&fomhation Interchange (ASCII) files of
each ADCP traverse were produced using the Playleatire of the Transect progranEach
ASCII file was then imported into RHABSIM Version® to produce the bed elevations,
average water column velocities, and stationst(veldo the start of the ADCP traverse).
RHABSIM was then used to output a second ASCllddetaining this data. The second ASCII
file was input into an Excel spreadsheet and coetbwith the velocity, depth, and station data
collected in shallow water. We defined a statifiR) to provide a quality control check of the
velocity measured by the ADCP at a given stationhrere R = VgJ(Vel,.1 + Vel.1)/2 at station

n’. R was calculated for each velocity where,V¥El,.; and Ve).; were all greater than 1 ft/s

" The Transect program is the software used ®ivecrecord and process data from the
ADCP.

8 RHABSIM is a commercially produced software (Pagné Associates 1998) that
incorporates the modeling procedures used in PHNBSI
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for each ADCP data set. Based on data collected asPrice AA velocity meter on the Lower
American River, the acceptable range of R wastdg@6al.6. All verticals with R values less

than 0.5 or greater than 1.6 were deleted from &&X0P data set. We also deleted velocities
where Ve} was less than 1.00 ft/s and Yeand Vel., were greater than 2.00 ft/s, and where
Vel, had one sign (negative or positive) and,\Yelnd Ve}.; had the opposite sign (when the
absolute value of all three velocities were gretitan 1.00 ft/s); these criteria were also based on
the Lower American River data set. The traverseézh transect which had the flow closest to
the gaged flow, determined from U.S. Geologicav8umage readings, was selected for use in
the PHABSIM files. Flows were calculated for e#®dDCP traverse, including the data collected
in shallow water.

A table of substrate and cover ranges/values vwestenl to determine the substrate and cover for
each vertical/cell (e.g., if the substrate sizeshas 2-4 inches on a transect from station 50 to
70, all of the verticals with station values betw&® and 70 were given a substrate coding of
2.4). Dry bed elevation data in field notebooksenentered into the spreadsheet to extend the
bed profile up the banks above the WSEL of the dsgfiow to be modeled. An ASCII file
produced from the spreadsheet was run throughlt&®®ANN program (written by Andy
Hamilton, U.S. Fish and Wildlife Service, 1998)get the PHABSIM input file and then
translated into RHABSIM files. A separate PHABSIHiM was constructed for each study site.

A total of four or five sets of measured WSELs wased, all being checked to ensure that there
was no uphill movement of water. The slope folhe@ansect was computed for each WSEL
flow as the difference in WSELs between the twodexts divided by the distance between the
two. The slope used for each transect was caémlilay averaging the slopes computed for each
flow. If WSELs were available for several closspaced flows, the WSEL that corresponded
with the velocity set or the WSEL collected at knvest flow was used in the PHABSIM files.
Flow/flow regressions were performed for sites wtdad not include the entire Yuba River

flow, using the flows measured with a wading rod &nice AA or Marsh-McBirney flow meter

in the site and the corresponding gage total flilmwshe dates that the site flows were measured.
The regressions were developed from three ordets of flows. Calibration flows in the
PHABSIM files were the flows calculated from gagadings or from the above flow/flow
regressions.

The SZF, an important parameter used in calibrahegtage-discharge relationship, was
determined for each transect and entered into HABESIM file. In habitat types without
backwater effects (e.qg., riffles and runs), thikigagenerally represents the lowest point in the
streambed across a transect. However, if a tradgectly upstream contains a lower bed
elevation than the adjacent downstream transexS#fF for the downstream transect applies to
both. In some cases, data collected in betweetrahsects showed a higher thalweg elevation

° n -1 refers to the station immediately beforeistah and n + 1 refers to the station

immediately after station n.
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than either transect; in these cases the highkvebaelevation was used as the SZF for the
upstream transect. For downstream transects itabh&pes with a backwater effect, we used
the U.S. Army Corps of Engineers hydro-acoustic pimagp data downstream of the study site to
determine the SZF for the downstream transecthigiigest point on the thalweg downstream of
the study site).

The first step in the calibration procedure waddtermine the best approach for WSEL
simulation. Initially, thdFG4 hydraulic model (Milhous et al. 1989) was run ba PHABSIM

file to compare predicted and measured WSELs. mlodel produces a stage-discharge
relationship using a log-log linear rating curvécodated from at least three sets of
measurements taken at different flows. Besl&€®, two other hydraulic models are available
in PHABSIM to predict stage-discharge relationshipsese models are: MANSQ, which
operates under the assumption that the geometheathannel and the nature of the streambed
controls WSELSs; and 2)SP, the water surface profile model, which calculdbesenergy loss
between transects to determine WSEMANSQ, like IFG4, evaluates each transect
independently WSP must, by nature, link at least two adjacent tratssd FG4, the most

versatile of these models, is considered to haviedowell if the following criteria are met:

1) the beta value (a measure of the change in ehammghness with changes in streamflow) is
between 2.0 and 4.5; 2) the mean error in caladilaesus given discharges is less than 10%;
3) there is no more than a 25% difference for agutated versus given discharge; and 4) there
is no more than a 0.1 foot difference between nredsand simulated WSE% MANSQ is
considered to have worked well if the second thhoiagirth of the above criteria are met, and if
the beta value parameter usedANQ is within the range of 0 to 0.5. The fit§iG4 criterion

is not applicable ttMANSQ. WSP is considered to have worked well if the followicigteria are
met: 1) the Manning's n value used falls withie tAnge of 0.04 - 0.07; 2) there is a negative
log-log relationship between the reach multiplied dow; and 3) there is no more than a 0.1
foot difference between measured and simulated VESHIhe first threéFG4 criteria are not
applicable toNSP. For sites located within the backwater effeétdhe Feather River, we used a
modification oflFG4 with a log-log linear rating curve calculated franmultiple regression of
WSELSs versus both Yuba River and Feather RivergloWve considered the multiple regression
to work well if there is no more than a 0.1 fodfelience between measured and simulated
WSELSs. For sites that we were not able to calévath any of the three PHABSIM models, we
used an alternative downstream boundary conditidtiver2D, as discussed below under
River2D Model Calibration.

Velocity Adjustment Factors (VAFs) were examineddd of the simulated flows as a potential
indicator of problems with the stage-dischargeti@tship. The acceptable range of VAF values
is 0.2 to 5.0 and the expected pattern for VARsmsonotonic increase with an increase in flows.

19 The first three criteria are from U.S. Fish and #ié Service (1994), while the fourth
criterion is our own.
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7.2. River2D Model Construction

After completing the PHABSIM calibration processatoive at the simulation WSELSs that will

be used as inputs to the River2D model, the nextistto construct the River2D model using the
collected bed topography data. The data from thER traverses made to characterize the bed
topography of the sites between the transectsifrtito the 2-D model were processed for input
into an Excel spreadsheet in the same manner dedabove for the ADCP data on the
transects. We applied the same quality criteridgovelocities from these ADCP traverses as
described above for the velocity data collectedhentransects, with the velocities not meeting
the quality control criteria deleted from each AD@&a set.

The bed elevation of each point along the ADCPerse was calculated as the difference
between the WSEL shot at the location of the tiseva@nd the depth at each point. The distance
along each ADCP traverse, in concert with initiadl dinal horizontal locations, was used to
compute the horizontal location of each point altrgtraverse. The station along each
PHABSIM transect, in concert with the horizontatdtions of the headpins and tailpins of the
transects, was used to compute the horizontalitotat each vertical of the PHABSIM
transects. Substrate and cover were assigneaopeant along each ADCP traverse in the
same manner as described above for the transects.

The data from the ADCP traverses were combinedaeEwith the total station data and the
PHABSIM transect data to create the input filedd(bad cover) for the 2-D modeling program.
We also incorporated bed topography data colleictethe Yuba River by the U.S. Army Corps
of Engineers using hydroacoustic mapping and pmatometry. The accuracy of the
hydroacoustic data were 1 foot horizontal and 0at Yertical, while the accuracy of the
photogrammetry data were 3 feet horizontal andbl Vertical (Scott Stonestreet, U.S. Army
Corps of Engineers, personal communication). gl dise raw hydroacoustic data and the 2-
foot contour photogrammetry data. We used the BBy Corps of Engineers data to develop
the bed topography upstream of most study sitespoove the accuracy of the flow distribution
at the upstream end of the sites. Using this deagextended the bed topography at least one and
a half channel widths upstream of the upstreanséetn For sites where the upstream transect
was located near the upstream end of a split chaweeadded an artificial extension one
channel-width-long upstream of the top of the gtenable the flow to be distributed by the
model when it reached the study area, thus minngitte influence of boundary conditions on
the flow distribution at the upstream transect aittlin the study site. For sites where there was
no U.S. Army Corps of Engineers raw hydroacoustiadipstream of the site, we used the
limited amount of ADCP traverse data collected tgash of the site to develop the upstream
extension.

The bed files contain the horizontal location (horgy and easting), bed elevation and initial bed
roughness value for each point, while the covesfdontain the horizontal location, bed
elevation and the cover for each point. The ihiied roughness value for each point was
determined from the substrate and cover codehé&bmtoint and the corresponding bed
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roughness values in Table 7 with the bed roughwas® computed as the sum of the substrate
bed roughness value and the cover bed roughnass. v@ihe bed roughness values for substrate
in Table 7 were computed as five times the avepaggcle siz&’. The bed roughness values for
cover in Table 7 were computed as five times tlexaye cover size, where the cover size was
measured on the Sacramento River on a represensample of cover elements of each cover-
type. The bed and cover files were exported fromeEas ASCII files.

A utility program, R2D_BED (Steffler 2002), was ds® define the study area boundary and to
refine the raw topographical data TIN (triangulaiteegular network) by defining breaklinés
going up the channel along features such as thalwegs of bars and bottoms of banks.
Breaklines were also added along lines of congigvation. An additional utility program,
R2D_MESH (Waddle and Steffler 2002), was used fmdehe inflow and outflow boundaries
to improve the fit between the mesh and the fireal fle and to improve the quality of the mesh,
as measured by the Quality Index (QI) value. Thes@ measure of how much the least
equilateral mesh element deviates from an equakteangle. An ideal mesh (all equilateral
triangles) would have a Ql of 1.0. A QI value bfeast 0.2 is considered acceptable (Waddle
and Steffler 2002). The final step with the R2D_ MESbftware was to generate the
computational (cdg) file.

7.3. River2D Model Calibration

Once a River2D model has been constructed, cabibrég then required to determine that the
model is reliably simulating the flow-WSEL relatsinp that was determined through the
PHABSIM calibration process using the measured WSSELhe cdg files were opened in the
River2D software, where the computational bed togplgy mesh was used together with the
WSEL at the bottom of the site, the flow enterihg site, and the bedughnesses of the
computational mesh elements to compute the deptlasities and WSELSs throughout the site.
The basis for the current form of River2D is giverGhanem et al. (1995). The computational
mesh was run to steady state at the highest fldve tsimulated, and the WSELSs predicted by
River2D at the upstream end of the site were coetptr the WSELSs predicted by PHABSIM at
the upstream transect. Calibration was considerédve been achieved when the WSELs
predicted by River2D at the upstream transect watgn 0.1 foot of the WSEL predicted by
PHABSIM. In cases where the simulated WSELSs ahigbest simulation flow varied across
the channel by more than 0.1 foot, we used thedsigmeasured flow within the range of
simulated flows for River2D calibration. The bedighnesses of the computational mesh

™ Five times the average particle size is approteéigahe same as 2 to 3 times the d85
particle size, which is recommended as an estigfdted roughness height (Yalin 1977).

12Breaklines are a feature of the R2D_Bed progranthvforce the TIN of the bed nodes
to linearly interpolate bed elevation and bed rowggs values between the nodes on each
breakline and force the TIN to fall on the brea&br(Steffler 2002).
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Table 7. Initial bed roughness values. For substrate code 9, we used bed roughnesses
of 0.71 and 1.95, respectively, for cover codes 1 and 2. Bed roughnesses of zero were
used for cover codes 1 and 2 for all other substrate codes, since the roughness
associated with the cover was included in the substrate roughness.

Substrate Code Bed Roughness (m) Cover Code Bed Roughness (m)

0.1 0.05 0.1 0

1 0.1 1 0

1.2 0.2 2 0
1.3 0.25 3 0.11
2.3 0.3 3.7 0.2
24 0.4 4 0.62
34 0.45 4.7 0.96
3.5 0.5 5 1.93
4.6 0.65 5.7 2.59
6.8 0.9 7 0.28
8 1.25 8 2.97
9 0.05 9 0.29
10 1.4 9.7 0.57
10 3.05

elements were then modified by multiplying themabgonstant bed roughness multiplier (BR
Mult) until the WSELSs predicted by River2D at thgstream end of the site matched the WSELs
predicted by PHABSIM at the top transect. The munin groundwater depth was adjusted to a
value of 0.05 m to increase the stability of thedelo The values of all other River2D hydraulic
parameters were left at their default values (upmg coefficient = 0.5, groundwater
transmissivity = 0.1, groundwater storativity =ahd eddy viscosity parameters= 0.01,&, =

0.5 andes = 0.1)2

13 Exceptions to this are given in the results.
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For sites where we were unable to calibrate witiABSIM, we used the depth-unit discharge
relationship boundary condition for the downstrdeamsect. This boundary condition uses the
equation:

q = KH", (1)

where g = unit discharge, h = depth and K and ntanstants. We used the default value of
1.666 for m and varied the value of K until the giated downstream WSEL matched the WSEL
measured at the downstream transect. We therra@ibthe upstream transect using the
methods described above, varying the Bed Rougiviakmplier (BR Mult) until the simulated
WSEL at the upstream transect matched the mea%usdfl at the upstream transect.

A stable solution will generally have a solutiorangé” (Sol A) of less than 0.00001 and a net
flow (Net Q) of less than 1% (Steffler and Blackib@002). In addition, solutions for low
gradient streams should usually have a maximumdedlumber (Max F) of less than dne
Finally, the WSEL predicted by the 2-D model shdogdwithin 0.1 foot (0.031 m) of the WSEL
measured at the upstream transécts

7.4. River2D Modd Velocity Validation

Velocity validation is the final step in the preaton of the hydraulic models for use in habitat
simulation. Velocities predicted by River2D wemnpared with measured velocities to
determine the accuracy of the model's predictidmsean water column velocities. The
measured velocities used were those measured apsfream and downstream transects, the
velocities measured during collection of the deeg topography with the ADCP, and the 50
measurements taken between the transects. Theamitised to determine whether the model
was validated was whether the correlation coeffic{(®) between measured and simulated
velocities was greater than 0.6. This criteriors Wwased on that a correlation of 0.6 to 0.8 is
considered to be moderately strong and that aletioe of 0.8 to 1.0 is considered to be very
strong (Baldwin 1997). The model would be in qgigesif the simulated velocities deviated
from the measured velocities to the extent thattreslation between measured and simulated
velocities fell below 0.6.

14 Solution change is the relative overall changgésolution variables over the latest
time step (Steffler and Blackburn 2002).

15> Maximum Froude number refers to the highest Fraudaber found in a given site at
a given flow. This criterion is based on the agstiom that flow in low gradient streams is
usually subcritical, where the Froude number is than one (Peter Steffler, personal
communication).

6 We have selected this standard because it imdasthused by the U.S. Fish and
Wildlife Service for PHABSIM (U. S. Fish and Wilé# Service 2000).
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7.5. River2D Mode Simulation Flow Runs

After the River2D model was calibrated, the flovdalownstream WSEL in the calibrated cdg
file were changed to simulate the hydraulics ofdite at the simulation flows. The cdg file for
each flow contained the WSEL predicted by PHABSINha downstream transect at that flow.
Each cdg file was run in River2D to steady statgain, a stable solution will generally have a
Sol A of less than 0.00001 and a Net Q of less than teaddition, solutions should usually
have a Max F of less than one.

8. Habitat Quitability Criteria (HSC) Data Collection

Habitat suitability criteria (HSC) are used witldfD habitat modeling to translate hydraulic and
structural elements of rivers into indices (HSishabitat quality (Bovee 1986). HSC refer to
the overall functional relationships that are usedonvert depth, velocity and cover values into
habitat quality (HSI). HSI refers to the indepemideariable in the HSC relationships. The
primary habitat variables which were used to asgkygsical habitat suitability for Chinook
salmon and steelhead/rainbow trout fry and juveneiéging were depth, velocity, cover and
adjacent velocity.

Traditionally, criteria are created from observasi®f fish use by fitting a nonlinear function to
the frequency of habitat use for each variabletfdepelocity, and cover). One concern with this
technique is the effect of availability of habitat the observed frequency of habitat use. For
example, if a cover type is relatively rare in@an, fish will be found primarily not using

that cover type simply because of the rarity of ttever type, rather than because they are
selecting areas without that cover type. Guay.€P800) proposed a modification of this
technique where depth, velocity, and cover dataaltected both in locations where juveniles
are present and in locations where juveniles asergband a logistic regression is used to
develop the criteria. This approach is employethis study.

7 adjacent velocity can be an important habitat Magaas fish, particularly fry and
juveniles, frequently reside in slow-water habitadgacent to faster water where invertebrate
drift is conveyed (Fausch and White 1981). Bothrésidence and adjacent velocity variables
are important for fish to minimize the energy exgiaure/food intake ratio and maintain growth.
The adjacent velocity was measured within 2 feegithrer side of the location where the velocity
was the highest. Two feet was selected basedechanism of turbulent mixing transporting
invertebrate drift from fast-water areas to adjasbow-water areas where fry and juvenile
salmon and steelhead/rainbow trout reside, takitgaccount that the size of turbulent eddies is
approximately one-half of the mean river depth (f&/addle, USGS, personal communication),
and assuming that the mean depth of the Yuba Riaaound 4 feet (i.e., 4 feet x Y2 = 2 feet).
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HSC data collection for Chinook salmon and steelh@mbow trout fry and juvenile (YOY)
rearing was conducted September 2003 - Septembér AData were collected along banks by
snorkeling and by SCUBA in the deep water portibthe habitat units. We also collected
depth, velocity, adjacent velocity and cover datdozations which were not occupied by YOY
Chinook salmon and steelhead/rainbow trout (unaeculpcations). This was done so that we
could apply the method presented in Guay et aD@R@ explicitly take into account habitat
availability in developing HSC criteria, withouting preference ratios (use divided by
availability).

Before going out into the field, a data book waspared with one line for each unoccupied
location where depth, velocity, cover and adjaseticity would be measured. Each line had a
distance from the bank, with a range of 0.5 toel by 0.5 foot increments, with the values
produced by a random number generator. In areasewte were able to sample up to 20 feet
from the bank, we doubled the above distances.

When conducting snorkel surveys adjacent to thé&,bame person snorkeled upstream along the
bank and placed a weighted, numbered tag at eaahda where YOY Chinook salmon or
steelhead/rainbow trout were observed. The snerketorded the tag number, the species, the
cover cod& and the number of individuals observed in eac@@m size class on a Poly

Vinyl Chloride (PVC) wrist cuff. Water temperatutbe average and maximum distance from
the water’s edge that was sampled, cover avaitglnlithe area sampled (percentage of the area
with different cover types) and the length of baaknpled (measured with a 300-foot-long tape)
was also recorded. The cover coding system usdtbign in Table 5.

A 300-foot-long tape was put out with one end atltcation where the snorkeler finished and
the other end where the snorkeler began. Thregi@&ent up the tape, one with a stadia rod
and data book and the other two with wading rodk\veatocity meters. At every 20-foot interval
along the tape, the person with the stadia rod amedsut the distance from the bank given in
the data book. If there was a tag within 3 feaheflocation, “tag within 3” was recorded on that
line in the data book and the people proceededetméxt 20-foot mark on the tape, using the
distance from the bank on the next line. If theation was beyond the sampling distance, based
on the information recorded by the snorkeler, “lr&lysampling distance” was recorded on that
line and the recorder went to the next line at ffaae location, repeating until reaching a line
with a distance from the bank within the samplimgahce. If there was no tag within 3 feet of
that location, one of the people with the wading measured the depth, velocity, adjacent
velocity and cover at that location. Depth wa®rded to the nearest 0.1 ft and average water
column velocity and adjacent velocity were recorttethe nearest 0.01 ft/s. Another individual

18)f there was no cover elements (as defined in Tapleithin 1 foot horizontally of the
fish location, the cover code was 0.1 (no cover).
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retrieved the tags, measured the depth and meam ea@tmn velocity at the tag location,
measured the adjacent velocity for the locatiod, r&corded the data for each tag number. Data
taken by the snorkeler and the measurer were ateceht each tag location.

Theses procedures were modified for several peflddsember - December 2004, July -
September 2005), to increase the number of obsengatf fish greater than 60 mm standard
length (SL). At these times, tags were only plaoedalmonids greater than 60 mm SL. We
would generally snorkel all the way upstream althregbank through one habitat unit, then float
downstream approximately 50-100 feet away frombiduek, looking for salmonids greater than
60 mm SL, until we reached the downstream endeh#xt habitat unit downstream of the first
habitat unit, and repeat this process. We wouldicaously snorkel both banks of the Yuba
River, going upstream, until we saw salmonids gretitan 60 mm SL. At that point, we would
drop a tag at the fish location and put out 100 déé¢ape, roughly centered on the location of the
tag. We would then collect unoccupied observatiassiescribed above, at every 20 feet along
the tape. With the exception of the 100-foot resan which unoccupied observations were
collected, the only datum that was recorded wasadta length of each habitat unit sampled.
During these periods, sampling away from the baak limited to floating back down through
habitat units, except for one SCUBA survey condilicteAugust of 2005.

SCUBA surveys of deep water mesohabitat areas esgr@ucted by first anchoring a rope
longitudinally upstream through the area to be syed to facilitate upstream movement by the
divers and increase diver safety. Two divers exdténe water at the downstream end of the rope
and proceeded along the rope upstream using clgrdsoenders. One diver concentrated on
surveying the water below and to the side, whikedther diver concentrated on surveying the
water above and to the side. When a YOY salmatemihead/rainbow trout was observed, a
weighted buoy was placed by the divers at the iocaif the observation. The cover code and
the number of individuals observed in each 10-20 siza class were then recorded on a PVC
wrist cuff. Water temperature, cover availabilitythe area sampled (percentage of the area with
different cover types) and the length of river sed{based on the length of the rope) were also
recorded.

After the dive was completed, the ADCP was turnedto record unoccupied depth and velocity
data) as we started to pull in the rope after tlie.dThe boat followed the course of the dive as
the rope was pulled back into the boat. If theesenany observations during the dive, the ADCP
was stopped 3 feet before the location of the efas@n and started again 3 feet after the
location of the observation. For each occupiedtlonaindividuals in the boat retrieved each
buoy and measured the water velocity and depththe¢iocation with the ADCP, making at
least 12 observations. For each set of data tetlacsing the ADCP for a juvenile fish
observation, the average depth and velocity arsidered the depth and velocity, while the
maximum velocity is considered the adjacent veyodihe ADCP was turned off at the location
where the dive ended.
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9. Biological Verification Data Collection

Biological verification data were collected to tést hypothesis that the compound suitability
predicted by the River2D model is higher at loaagiavhere fry or juveniles were present than in
locations where fry or juveniles were absent. Gtpound suitability is the product of the
depth suitability, the velocity suitability, thejadent velocity suitability and the cover suitatyili
The collected biological verification data were tiegizontal locations of fry and juveniles. The
horizontal locations of Chinook salmon and steal@nbow trout fry and juveniles found
during surveys were recorded by sighting from thteltstation to a stadia rod and prism. Depth,
velocity, adjacent velocity, and cover type as dbsd in the previous section on habitat
suitability criteria data collection were also me&sl. The horizontal locations of where fry or
juveniles were not present (unoccupied locatiorexevalso recorded with the total station. The
hypothesis that the compound suitability predidigdhe River2D model is higher at locations
where fry and juveniles were present than in locetiwhere fry and juveniles were absent was
statistically tested with a Mann-Whitney U test.

10. Habitat Suitability Criteria (HSC) Devel opment

It is well-established in the literature (Knapp d@heisler 1999, Parasiewicz 1999, Geist et al.
2000, Guay et al. 2000, Tiffan et al. 2002, McHagll Budy 2004) that logistic regressions
should be used to develop habitat suitability oate For example, McHugh and Budy (2004)
state (page 90):

“More recently, and based on the early recommeodsatnf Thielke (1985), many
researchers have adopted a multivariate logistieession approach to habitat
suitability modeling (Knapp and Preisler 1999; Geisal. 2000; Guay et al.
2000).”

Accordingly, logistic regression has been empladyeithe development of the habitat suitability
criteria (HSC) in this study. Criteria were deye#d by using a logistic regression procedure,
with presence or absence of YOY as the dependeiaiol@ and depth, velocity, cover and
adjacent velocity as the independent variables) alltof the data (in both occupied and
unoccupied locations) used in the regression.

For the SCUBA data, a random number generator s@g 1o select ADCP measurements of
depth and velocity for unoccupied locations. Thenber of unoccupied cells selected for each
site was the lesser of either 10 percent of tha thstance (feet) sampled or 30 percent of the
total number of ADCP points. Cover was assignedlltof the observations in proportion to
which they were observed during the dive. Theaatavelocity for each unoccupied location
was the largest of the three following values: wakcity at the location immediately prior to the
unoccupied location, the velocity at the unoccupieation, and the velocity at the location
immediately after the unoccupied location.
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All YOY Chinook salmon observed were classifiedrage according to a table provided by
CDFG (Frank Fisher, Red Bluff, 1994) correlatingeavith life stage periodicity and total
length. However, based on Earley and Brown (2@d4d) McReynolds et al.’s (2004) findings
that most known spring-run Chinook salmon YOY fr8acramento River tributaries would be
classified as fall-run by the CDFG race table, wee@nsidering all YOY classified by the race
table as fall-run to be some combination of spend fall-run (hereafter referred to as
spring/fall-run). It is likely we would find theasne results as Earley and Brown (2004) and
McReynolds et al. (2004) for the Yuba River. Datxe also compiled on the length of each
mesohabitat and cover type sampled to try to hgualesffort in each mesohabitat and cover
type and that each location was only sampled ontteeasame flow (to avoid problems with
pseudo-replication).

Separate salmonid YOY rearing HSC are typicallyeligyed for different size classes of YOY
(typically called fry and juvenile). Since we reded the size classes of the YOY, we were able
to investigate three different options for the sized to separate fry from juveniles: <40 mm
versus > 40 mm, <60 mm versus >60 mm, and <80 meuge>-80 mm. We used Mann-
Whitney U tests to test for differences in deptlpeity and adjacent velocity, and Pearson’s test
for association to test for differences in cover,the above categories of fry versus juveniles.
Separate fry and juvenile HSC could be developeédch species (Chinook salmon and
steelhead/rainbow trout). To determine if thereendifferences between species, we used
Mann-Whitney U tests to test for differences inttlepelocity and adjacent velocity, and used
Pearson’s test for association to test for diffeesnin cover, for fry and juveniles.

Generally, at least 150 observations are needddvelop habitat suitability criteria (Bovee
1986). In cases where we had less than 150 olgsrsawe used the procedure described by
Thomas and Bovee (1993) to determine if Sacrami@iver Chinook salmon rearing criteria (US
Fish and Wildlife Service 2005) would transfer taba River salmonids. The procedure
involves two one-sideg? tests (Conover 1971) using counts of occupiedwusmmtcupied cells in
each of three suitability classifications (optimwmeable and unsuitable) to determine if there is
non-random selection for optimum habitat over ukehhbitat, and for suitable (optimum plus
useable) over unsuitable habitat. Two null hypséiseare tested: 1) optimum cells will be
occupied in the same proportion as useable calts2asuitable cells will be occupied in the
same proportion as unsuitable cells. For a setSE to be considered transferable, both null
hypotheses must be rejected at the 0.05 leveboffgiance. The test procedures require a
minimum of 55 occupied and 200 unoccupied cellsvimd either the erroneous acceptance of
non-transferable HSC or rejection of transferabBCHThomas and Bovee, 1993).

Suitability classifications for depth, mean watelumnn velocity, adjacent velocity, and cover for
the Sacramento River Chinook salmon rearing cateere determined as follows. The
optimum range for a variable was defined as therwal encompassing suitabilities greater than
0.75 for the Sacramento River criteria. The slgtahnge for a variable was defined as the
interval containing suitabilities greater than 0Thus, the useable range for a variable
encompassed the interval between suitabilitiesbi@d 0.75, and the unsuitable range was
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suitabilities less than 0.1. Separate transfataldsts were conducted for each parameter.
Suitable counts were obtained by combining thenoytn and useable counts. The counts were
cross classified in two 2 x 2 contingency tableae to test suitable versus unsuitable
classifications and one to test optimum versushlsaaunts. Test statistics were then
calculated from each table using the test stafistione-sided? tests given as

T = [N®® (ad-bc)] /[ (a+b)(c+d)(a+c)(b+d)] °°, 2)

wherea = number of occupied optimum (or suitable) cdils; number of occupied useable (or
unsuitable) cellsg = number of unoccupied optimum (or suitable) ¢cells number of
unoccupied useable (or unsuitable) cells; Mrdtotal number of cells. The null hypothesis is
rejected at the 0.05 level of significance (indiogtransferability) ifT > 1.6449.

In cases where the Sacramento River Chinook satmt&mia did not transfer to Yuba River
salmonids, we developed the Yuba River criteriagiduba River data of less than 150
observationS. For cases where the Sacramento River Chinoakosatlid transfer to Yuba
River salmonids, we used the Sacramento River @kisalmon criteria, modified by restricting
non-zero suitability to the range of occupied valabserved in the Yuba River.

In cases where we had at least 150 observationstfre Yuba River, we used a polynomial
logistic regression (SYSTAT 2002), with dependeariable frequency (with a value of 1 for
occupied locations and 0 for unoccupied locati@mg) independent variable depth or velocity, to
develop depth and velocity HSI. The logistic regien fits the data to the following expression:

Exp (I+J*V+K*&L*V3+M* VY
FreqUenCy =  mommomommm oo e e e , 3)
1+Exp(I+J*V+K¥+L*V3i+M*VH

where Exp is the exponential function; I, J, K,idaVl are coefficients calculated by the logistic
regression; and V is velocity or depth. The lagistgressions were conducted in a sequential
fashion, where the first regression tried was atfoarder regression. If any of the coefficients
or the constant were not statistically significanp = 0.05, the associated terms were dropped
from the regression equation, and the regressiare@eated. The results of the regression
equations were rescaled so that the highest vélsgtability was 1.0. The resulting HSC were
modified by truncating at the slowest/shallowest daepest/fastest ends, so that the next
shallower depth or slower velocity value below shallowest observed depth or the slowest
observed velocity had a Sl value of zero, and abttie next larger depth or faster velocity value
above the deepest observed depth or the fastemtvelsvelocity had an Sl value of zero; and
eliminating points not needed to capture the bstsape of the curves.

9n this circumstance, this was the only option \&d o develop criteria.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

26



Because adjacent velocities were highly correlatigll velocities, a logistic regression of the
following form was used to develop adjacent velociiteria:

Exp(I+J*V+K*3# L*V3i+M*V*+ N*AV)
Frequency = oo e : (4)
1+Exp(I+J3*V+K¥+L*Vi+M*V*+N*AV)

where Exp is the exponential function; I, J, KM.and N are coefficients calculated by the
logistic regression; V is velocity and AV is adjat&elocity. The | and N coefficients from the
above regression were then used in the followingggn:

Exp (I + N * AV)
HSI = . (5)
1+Exp (1+N*AV)

We computed values of equation (4) for the rangecotipied adjacent velocities, and rescaled
the values so that the largest value was 1.0. $¥d a linear regression on the rescaled values to
determine, using the linear regression equationg Hise HSI where the AV is zero) and AV

(the AV at which the HSI is 1.0). The final adjatgelocity criteria started at Hsfor an

adjacent velocity of zero, ascended linearly té1&h of 1.0 at an adjacent velocity of AV and
stayed at an HSI of 1.0 for adjacent velocitieatgethan AV .

We have developed two different groups of coversdobsed on snorkel surveys we conducted
on the Sacramento River: Cover Group 1 (covers€@dg, 4, 4.7, 5.7, 7 and 9.7), and Cover
Group 0 (all other cover codes). In US Fish antt\¥e Service (2005), which describes the
derivation of these two cover groups, we had adeekghe availability of cover in developing

the Sacramento River criteria using the followimggess: 1) ranking the sites sampled in
descending order by the percentage of cover grp@pdalculating the cumulative feet sampled
of cover groups 0 and 1 going down through thessitdil we reached an equal number of
cumulative feet of cover groups 0 and 1 sampled;3rcontinuing the development of cover
criteria using only the above subset of sites.socess allowed us to maximize the amount of
area sampled to include in development of the contaria while equalizing the amount of area
sampled in cover groups 0 and 1. We were unahleddhis process on the Yuba River because
of the low amount of cover group 1 present in thb River. Instead, we developed the Yuba
River cover criteria using a logistic regressioalgsis. For a categorical independent variable,
the result of a logistic regression is the peragaia occupied locations (number of occupied
locations / (number of occupied locations + nunddarnoccupied locations)) for each category
of the independent variable.

The first step in the development of the coveledit was to group cover codes within each
species, so that there were no significant diffeesrwithin the groups and a significant
difference between the groups, using Pearson’sdeassociation. We excluded cover codes
from this analysis that had a total (occupied pinsccupied) of two or less observations. We
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combined together the occupied and unoccupied wéisens in each group of cover types and
calculated the percentage of occupied locationsdch group. The HSI for each group was
calculated by dividing the percent of occupied tases in each group by the percent of occupied
locations in the group with the highest percemia@fupied locations. This procedure normalized
the HSI, so that the maximum HSI value was 1.0e HI for cover codes that had a total of
two or less observations was determined basedeo8dhramento River cover criteria.

11. Biological Verification

We determined the combined habitat suitability poted! by River2D at each fry and juvenile
observation location in the sites where spring#fai Chinook salmon and steelhead/rainbow
trout fry and juvenile locations were recorded wadtal station and prism. We ran the River2D
cdg files at the flows present in the study sitedlie dates that the biological verification data
was collected. We used the horizontal locationsuesd for each observation to determine the
location of each observation in the River2D sité#e used the horizontal locations recorded
with the total station where fry or juveniles weia present for the unoccupied points. We used
Mann-Whitney U tests (Zar 1984) to determine whethe combined suitability predicted by
River2D was higher at fry or juveniles were preseasrsus locations where fry or juveniles were
absent.

12. Habitat Smulation

The final step was to simulate available habitaefach site. Preference curve files were created
containing the digitized fry and juvenile rearin@@ developed for the Yuba River spring/fall-
run Chinook salmon and steelhead/rainbow troute firkal cdg files, the cover file and the
preference curve file were used in River2D to daleuthe combined suitability of depth,

velocity and cover for each site. The resultinqadaas exported into a comma-delimited file for
each flow, species, life stage, and each mesoh&yi@ present in each site. These files were
then run through a GIS post-processing softVaceincorporate the adjacent velocity criteria
into the habitat suitability, and to calculate W&JA values for each mesohabitat type in each
site over the desired range of flows for all eigitsites. The total WUA for each segment was
calculated using the following equation:

Segment WUA = (Ratig* Z Mesohabitat Unjf WUA), (6)

* The software calculates the adjacent velocity mhenode, then uses the adjacent
velocity criteria to calculate the adjacent velpaitiitability index for that node. This index is
then multiplied by the combined depth, velocity aoger suitability indices. This product is
then multiplied by the area represented by eacle tmdalculate the WUA for each node, with
the WUA for all nodes summed to determine the tatalA for each mesohabitat type, flow, life
stage and species.
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where Ratigis the ratio of the total area of habitat typeesent in a given segment to the area of
habitat typethat was modeled in that segment and Mesohabitdit; WUA is the WUA for
mesohabitat uniof habitat typethat was modeled in that segment.

RESULTS
1. Study Segment Delineation

We established one segment between Englebright(Daen mile 24.1) and Daguerra Point
Dam (river mile 11.4) (hereafter termed Above Dagu&egment) and a second segment
between Daguerra Point Dam and the confluencetivgli-eather River at Marysville (hereafter
termed river mile 0) (Below Daguerra Segment). dideton the results of the study segment
delineation are given in U.S. Fish and Wildlife Bee (2008).

2. Habitat Mapping

A total of 130 mesohabitat units were mapped ferdbgment upstream of Daguerra Point Dam
and 90 mesohabitat units for the segment downstegdbaguerra Point Dam. Table 8
summarizes the habitat types, area and numbeechftgpe recorded during the habitat mapping
process, while Appendix A gives a complete listnaf habitat units.

3. Field Reconnaissance and Study Ste Selection

The reconnaissance work narrowed the list of p@tksites to the eight additional juvenile
rearing sites that were modeled (Table 9, AppeBJixThe eight additional juvenile rearing
sites are as follows from upstream to downstredlacrows, Rosebar, Diversion, Lower
Hallwood, Whirlpool, Side Channel, Sucker Glidedd&tailroad. Three of the new juvenile
rearing study sites were located between the Naraowl Daguerra Point Dam (Narrows,
Rosebar, and Diversion) and the remaining fivd@rated downstream of Daguerra Point Dam
between Daguerra Point Dam and the confluencetivgli-eather River (Lower Hallwood,
Whirlpool, Side Channel, Sucker Glide, and Railjoad

The study site boundaries (up- and downstreamecasswere selected to coincide with the
upstream and downstream ends of the mesohabitat Time exceptions to the above were:

1) Narrows; 2) Rosebar; 3) Whirlpool; 4) Side-Chalnand 5) Railroad. The Narrows upstream
transect was moved 650 feet downstream of thefttiped-lat Water Run because of the
presence of a large cascade at that location.Rbisebar upstream transect was moved 200 feet
upstream of the top of the habitat unit and therkiream transect was moved 585 feet
downstream of the bottom downstream of the bottbtheohabitat unit to locations where the
hydraulic conditions were more favorable (e.g., erorear direction of flow, more consistent
water surface elevations from bank to bank). TherNMol upstream transect was moved 430
feet upstream of the top of the unit to a locatidrere the hydraulic conditions were more
favorable. The Whirlpool downstream transect wased 140 feet upstream of the bottom of
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Table 8. Yuba River mesohabitat mapping results by segment.

Mesohabitat Type Upstream of Daguerra  Downstream of Daguerra Point

Point Dam Dam
Area Number of Area Number of
(1000 m?) Units (1000 m?) Units
Bar Complex Riffle (BCRIi) 73.5 17 94.6 14
Bar Complex Run (BCRu) 631.8 19 379.3 24
Bar Complex Glide (BCG) 1935 12 361.7 17
Bar Complex Pool (BCP) 159.6 15 120.5 14
Flat Water Riffle (FWRI) 1.6 2 0 0
Flat Water Run (FWRu) 49.0 6 6.2 1
Flat Water Glide (FWG) 18.6 1 73.4 4
Flat Water Pool (FWP) 78.7 8 173.9 6
Side Channel Riffle (SCRi) 11.0 12 15 1
Side Channel Run (SCRu) 46.8 19 11.3 5
Side Channel Glide (SCG) 5.5 3 2.1 2
Side Channel Pool (SCP) 34.5 15 14 2
Cascade (C) 11 1 0 0

the unit to keep the study site within the confinéthe smaller channel of the split channel that
was present in this area of the river. The SidarDel site upstream transect was moved
upstream 35 feet from the top of the Side-Chanmnel &d the downstream transect was moved
85 feet of the Side-Channel Pool. In both casestransects were moved to a location where the
hydraulic conditions were more favorable. The Raitl upstream transect was moved 165 feet
upstream of the top of the habitat unit. This ¢t was also moved to a location where the
hydraulic conditions were more favorable.
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Table 9. Sites selected for modeling spring/fall-run Chinook salmon and
steelhead/rainbow trout rearing. Lack of a number in parenthesis indicates one unit for
that mesohabitat type in the site.

Site Name Reach Site Mesohabitat Types
Narrows Above FWP, FWRuU
Rose Bar Above BCP
U.C. Sierra Above BCRI, BCG, BCP, SCRi (2), SCRu, SCP
Timbuctoo Above BCRu (2), BCRI (2), BCG, BCP, SCRu (3), SCRi, SCG, SCP
Highway 20 Above BCRI, BCP, BCG, SCRu, SCRi
Island Above BCRu, BCG, BCP (2), SCRu, SCRi
Hammond Above BCRu
Diversion Above BCRu
Upper Daguerra Below BCRu(2), BCRi
Lower Daguerra Below BCRu, BCRI
Pyramids Below BCRu, BCRI, BCG
Hallwood Below BCRu, BCRI
Lower Hallwood Below BCP, BCG
Plantz Below BCRu, BCG
Whirlpool Below BCP
Side-Channel Below SCRu, SCP
Sucker Glide Below FWG
Railroad Below FWRu, FWP

4. Hydraulic and Sructural Habitat Data Collection

Water surface elevations were measured at higfg23270 cfs), medium (1,220-2,036 cfs) and
low (516-970 cfs) flows for the eight study sitéhe number and density of the points collected
for each site is given in Table 10 and shown iné&mpx C. There were no U.S. Army Corps of
Engineers raw hydroacoustic data upstream of tlieolWa or Side Channel sites. As a result, we
collected five ADCP traverses within the first 1fé@t upstream of the Narrows site for use as
the upstream extension, and used a one-channdi-aitificial extension upstream of the Side
Channel site.
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Table 10. Number and density of data points collected for each site. The Army Corps of Engineers (ACE) supplied us
with bed topography data derived from photogrammetry and hydro-acoustic mapping.

USFWS USFWS USFWS ACE
Site Name Number of Points Between Points Between Number of Density of
Points on Transects Collected with Transects Collected Points Between Points
Transects Total Station with ADCP Transects (points/ 100 m?)
Narrows 64 1,911 971 618 9.71
Rosebar 98 1,867 343 189 11.26
Diversion 79 878 43 5.62
Lower Hallwood 72 1,840 149 94 4.34
Whirlpool 76 1,020 35 66 7.67
Side-Channel 66 659 38 27.80
Sucker Glide 58 522 308 147 7.39
Railroad 67 307 150 29 6.36
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5. Hydraulic Model Construction and Calibration
5.1. PHABSIM WSEL Calibration

The gaged calibration flows, determined from U.8ol8gical Survey (USGS) gage readittgs
are given in Table 11, and the ADCP traverses waldor use in PHABSIM files are shown in
Table 12. The flow/flow regressions used for Dsien, Whirlpool and Side-Channel sites are
given in Table 13. Calibration flows for DiversidWhirlpool, and Side-Channel sitg&able

14) were computed from the total discharge in TAlllend the appropriate regression equation
in Table 13. A total of four sets (Narrom®osebar, Diversion, Sucker Glide, and Railroad) or
five sets (Lower Hallwood (downstream transect) @ftdripool) of measured WSELs were used
in the WSEL calibration. In the case of Lower Malbd, the upstream transect was the same as
the downstream transect of the Hallwood spawniadyssite and the calibration used for that
transect in the spawning study was applied heez L8S. Fish and Wildlife (2008) for more
details on the Hallwood spawning study site andseats. The SZFs used for each transect are
given in Appendix D, Table 1. Calibration flowstime PHABSIM files are given in Appendix

D. For a majority of the transect&G4 met the criteria described in the methods sedton

IFG4 (Appendix D). In the case of Rosebar site, waldke right bank WSELSs for the
downstream transect and the left bank WSELSs fougistream transect for the 1,942 and 2,908
flows because there was a difference of >0.1 fegtden the right bank and left bank WSELSs.
The WSELSs were selected based on which side appeal®e most representative for the
transects at those flows. In the case of the Ldvadiwood downstream transect, we could only
meet thd FG4 criteria with the upper three flows.

The Side-Channel site transects could not be eaddrwithlFG4 or MANSQ. This was
apparently due to changing backwater effects frdraaver dam occurring between collection of
WSELs on January 18 and February 24 in 2004. fithgeince of this beaver dam changed over
the course of the study as the result of a high #went that occurred on February 18, 2004,
which temporarily removed most of the beaver dakfe were unable to us&SP to calibrate

this site sinc&VSP requires the input of a stage-discharge relatipnaha transect downstream
of the transect of interest. For the Side-Chadoeinstream transect, there was no transect
downstream of it. Since we were unable to caléthis site with any of the three PHABSIM
models, we used an alternative downstream bourodengition in River2D, as discussed below
under River2D Model Calibration.

Both Railroad transects could not be calibratedgi$tG4 or MANSQ. After considering the
close proximity of this site (at RM 1.4) to the doence with the Feather River, we found that
there was a backwater effect resulting from thalezeRiver. As a result, we needed to develop

21 For the Above Daguerra Segment, we used the suhedfows from the Smartville
(USGS gage number 11418000) and Deer Creek (USGSmganber 11418500) gages. For the
Below Daguerra Segment, we used the Marysville §d§&S gage number 11421000).
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Table 11. Gage measured calibration flows for the eight study sites (cfs).

Date Narrows Rosebar Diversion Lower Whirlpool Side- Sucker Railroad
Hallwood Channel Glide
12/4/2003 832
12/16/2003 1,942 1,942
12/18/2003 1,220 1,220
1/12/2004
1/14/2004 1,930 1,930 1,930
1/15/2004 2,036
2/11/2004 1,890 1,920 1,920
2/24/2004 2,908 2,908 2,908 3,270 3,270 3,270 3,270 3,270
7/26/2004 970 970 970 970
7/27/2004 962
8/23/2004 1,493 1,493
9/8/2004 516 516 516
9/9/2004 734 734 516
Table 12. ADCP files used in PHABSIM files.
Date Site Name Transect File USFWS % Difference from
Number Name Measured Q Gage Measured Q
2/11/2004 Narrows 1 MD45D155 1,513 21%
2/11/2004 Narrows 2 MD4GO075 1,767 6.5%
2/10/2004 Rosebar 1 MD4C351 1,785 7%
2/10/2004 Rosebar 2 MD8A703 2,013 4%
2/11/2004  Sucker Glide 1 MD8A713 2,003 4%
2/11/2004  Sucker Glide 2 MD8A714 1,957 2%
2/11/2004 Railroad 1 MD8A706 2,139 8.6%
2/11/2004 Railroad 2 MD8A710 1,829 7%
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Table 13. Flow/flow regression equations.

Study Site XS# Flow Range Regression Equation R*-value
Diversion all 400-4,500 Diversion Q = 10 * (-1.654 + 1.342 x log (Q)) 0.998
Whirlpool all 150-1,200 Whirlpool Q =-69.135 +0.247 x Q 0.991
Whirlpool all 1,300-4,500 Whirlpool Q =-224.523 +0.372 x Q 0.999
Side-Channel all 150-4,500 Sidechannel Q =10~ (-63.011 + 0.0587 x log (Q)) 0.967

Table 14. Calibration flows for the Diversion, Whirlpool and Side-channel sites (cfs).

Date Diversion Whirlpool Side-Channel

12/4/2003 193
12/18/2003 231

1/14/2004 494 37
1/15/2004 610

2/24/2004 985 993 132
7/26/2004 171 2.3
8/23/2004 403

9/8/2004 59

a relationship between the WSELSs at this site hedlows of both the Yuba and Feather
Rivers®. We used a multiple regression formula for thettgam and downstream transects that
uses four flows from the Yuba and Feather RiversHe same dates. This formula is as follows:

Log(WSEL — SZF) = A + B x Log(Yuba River Flow) +xCLog(Feather River Flow) (7)

For the downstream transect, SZF = 90.7, A = -0.896 0.334, and C = 0.148 & 0.996, p =
0.06). For the upstream transect, SZF = 90.7,-8.894, B = 0.329, and C = 0.152 £ 0.996,
p = 0.06). For both transects, the simulated WS#tfsred from the measured WSELSs by a
maximum of 0.11 feet (Appendix D).

22 Flows for the Feather River were from gage reasifogthe Gridley gage (USGS gage
number 11407150). Current flow data for this gagevailable at: http://cdec.water.ca.gov/cgi-
progs/queryDaily?GRL
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Velocity Adjustment Factors (VAFs) were examineddt of the simulated flows (Appendix E).
None of the transects deviated significantly fréra ¢xpected pattern of VAFs, with the
exception of the highest flow VAF for both Railrosite transects. In addition, VAF values
(ranging from 0.14 to 3.62) were within an accefgabnge of 0.2 to 5.0, with the exception of
the lowest flow VAF for both Railroad transectshellowest flow VAFs for the Railroad
upstream and downstream transects of 0.18 andi@d@ectively, were slightly below the
acceptable range. For Side-Channel site, we weable to develop stage-discharge
relationships using-G4, MANSQ, or WSP which prevented us from evaluating VAF patterms fo
the site.

5.2. River2D Mode Construction

The bed topography for each site is shown in AppeRd The meshes for all sites had QI values
of at least 0.30, meeting the criterion of havin@lavalue of at least 0.2 (Appendix G). The
percentage of the original bed nodes for whichnieshes differed by less than 0.1 foot (0.031
m) from the elevation of the original bed nodegyethfrom 72% to 95% (Appendix G).

5.3. River2D Modd Calibration

Calibration was conducted at the highest simulafliom, 4,500 cfs (127.4 f¥s), for Narrows,
Rosebar, Lower Hallwood, and Railrosites. In the cases of Diversion and Sucker Gligke,
used the highest measured flow within the rang@rotilated flows because the simulated
WSELs at the highest simulation flow of 4,500 césied across the channel by more than 0.1
foot, thus resulting in the River2D simulated WSHlif§ering from the PHABSIM simulated
WSELs by more than 0.1 foot. Diversion site athighest measured flow had WSELSs on the
two banks that differed by more than 0.1 foot. eSthannel site was calibrated at the highest
measured flow within the range of simulated flovesduse we were unable to develop stage-
discharge relationships for this site using PHABSIRKbr this site, we used the depth-unit
discharge relationship boundary condition for tbevdstream boundary, arriving at a value of
0.8 for K.

The calibrated cdg files all had a Qobf less than 0.000001 (meeting the criterion s t
measure), with the net Q for all sites less than i the exception of Narrows and Railroad
sites (Appendix G). The calibrated cdg file fdrsalidy sites, with the exception of Diversion,
Sucker Glide, and Railroad, had a maximum Froudebar greater than 1 (Appendix G). Six
of the eight study sites had calibrated cdg filggiw 0.1 foot (0.031 m) of the PHABSIM or
measured WSELSs (for those sites using the WSELhihighest measured flow within the
range of simulation flows). Narrows and Lower Malbd had maximum WSEL values that
exceeded the 0.1 foot (0.031 m) criterion but LoWaliwood had average WSELSs that were
well within that criterion value (Appendix G). Hewer, in each case, the WSELS next to the
locations of the left and right banks within thedaebwere all within the 0.1 foot (0.031 m)
criterion value.
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5.4. River2D Modd Veocity Validation

The correlation between predicted and measurediiel® ranged from moderate to moderately
strong (Appendix H), with there being some sigifitdifferences between individual measured
and predicted velocities. The hydraulic modelsRosebar, Diversion, Lower Hallwood,
Whirlpool, and Side-Channsltes were validated, since the correlation betwkerpredicted

and measured velocities was greater than 0.6 ésetkites. However, we were unable to
validate the velocity simulation of the models arrows, Sucker Glide, and Railroad sites,
since the correlation values were considerablytless 0.6. As a result, the models for these
sites are in question. In general, the simulatebtmeasured cross-channel velocity profiles at
the upstream and downstream transects (Appendpwére relatively similar in shape. Unless
noted, the simulated velocities for the eight sitese relatively similar to the measured
velocities for the transects and deep bed ADCRete®s, with some differences in magnitude
that fall within the range of variation in the AD@Elocity measurements. Please note that for
the sites where deep traverses were performed; tharmap in Appendix H that displays the
locations of the transects and deep bed traverBas. map follows the figures showing the
velocity profiles for each transect.

River2D over-predicted the simulated velocitiestfar Narrows downstream (XS1) transect
across most of the channel. In the case of the-Slthnnel downstream (XS1) and upstream
(XS2) transects, River2D under-predicted the vékxiacross most of the channel and over-
predicted the velocities on the north side of thenmel. For the Whirlpool downstream transect,
River2D under-predicted the velocities toward thesirside of the channel and over-predicted
the velocities for the upstream (XS2) transecthensouth side of the channel.

River2D over or under-predicted the velocities ae or both sides of the channel for the
following deep beds: Narrows Deep Beds A-G, MJN, Q-U, W, X-AB, AD-AH, AM, AN,
AS, AT, AV, AW, BA-BC, BE-BI, BK, BM-BQ, BT, BV, BW CA-CD, and CF; Rosebar Deep
Beds B-E, G, H, M, O, P, Q, and T; Lower Hallwooddp Beds A, E, G, H, and J-L; Whirlpool
Deep Beds B and C; Sucker Glide Deep Beds A-E, @, H, M, and N; and Railroad Deep
Beds A-H (Appendix H).

5.5. River2D Moded Simulation Flow Runs

An example hydraulic model output is given in Apgien. The simulation flows were 400 cfs
to 2,100 cfs by 100 cfs increments and 2,100 c#5%00 cfs by 200 cfs increments for the study
sites in the Above Daguerra Segment and 150 @s11@0 cfs by 100 cfs increments, 2,100 cfs to
2,900 cfs by 200 cfs increments and 2,900 cfs806Ct¢cfs by 400 cfs increments for the study

3 V/elocities were plotted versus easting for trarséwt were oriented primarily east-
west, while velocities were plotted versus northimgtransects that were primarily north-south.
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sites in the Below Daguerra SegnféntThe lowest simulated flow for the Above Daguerra
Segment was 40% of the lowest measured flow. dWwedt simulated flow for the Below
Daguerra Segment (150 cfs) was the lowest spedlbadin the Yuba River Accord. For the
Side-Channel site, we used a minimum groundwatethdaf 0.005 for flows of 1,800 cfs or less,
and used the default minimum groundwater depth@d €r flows greater than 1,800 cfs.

The production cdg files all had a Sobf less than 0.00001, but the net Q was greasar 186
for 13 flows for Narrows, 1 flow for Lower HallwogdO flows for Side-Channel, 11 flows for
Sucker Glide, and 4 flows for Railroad (Appendix JThe maximum Froude Number exceeded
one for all of the simulated flows for Rosebar,es@hannel, Sucker Glide, and Railroad sites.
The maximum Froude Number exceeded one for 29fahed0 simulated flows for Narrows,
11 out of 30 simulated flows for Diversion, 23 ofit30 simulated flows for Lower Hallwood,
and 15 out 28 simulated flows for Whirlpool (Appéend).

6. Habitat Quitability Criteria Data Collection

The sampling dates and Yuba River flows are shawrable 15. We collected 469
measurements of cover and 468 measurements of, defity and adjacent velocity where
YOY Chinook salmon and steelhead/rainbow trout vedrgerved. All but 8 of these
measurements were made near the river banks. Weeee244 observations of Chinook salmon
and 258 observations of steelhead/rainbow fPotfthere were 82 observations of fish less than
40 mm, 311 observations of 40-60 mm fish, 78 oleteyas of 60-80 mm fish and 39
observations of fish greater than 80 mm. A tof&.& miles of near-bank habitat and 1.4 miles
of mid-channel habitat were sampled. Table 16 sana®s the number of feet of different
mesohabitat types sampled and Table 17 summaheasumber of feet of different cover types
sampled. We snorkeled upstream through an additRih6 miles of near-bank habitat and
downstream through 6.9 miles of mid-channel halmt&ovember to December 2004 and in
July to September 2005. While snorkeling this addal habitat during both these time periods,
we did not observe any salmonids greater than 6(8hmand did not collect any unoccupied
data. Table 18 summarizes the number of feet &dreit mesohabitat types snorkeled in
November to December 2004 and in July to Septe@2®@5 and the results of these surveys.

We sampled 27,239 feet of cover group 0 and 4,886df cover group 1 in near-bank habitats,
and 7,091 feet of cover group 0 and 405 feet oecgvoup 1 in mid-channel habitats. Depths at
locations where YOY Chinook salmon and steelheadbow trout were observed ranged from

24 The lowest simulation flow for Whirlpool site wa80 cfs and the lowest simulation
flow for Side-Channel site was 900 cfs becauseetivas no flow in these sites for total Yuba
River flows less than the above flows.

*>These numbers total more than 469 because mahg abiservations included both
Chinook salmon and steelhead/rainbow trout YOY amigt one measurement was made per
group of closely associated individuals.
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Table 15. Chinook salmon and steelhead/rainbow trout YOY HSC sampling dates and
flows.

Yuba River Flows (cfs)

Sampling Dates Upstream of Daguerra Downstregm of Daguerra
Point Dam Point Dam
September 8-11, 2003 820 536
November 3-6, 2003 938 590
January 26-29, 2004 2,128 2,157
March 22-24, 2004 2,311 2,450
May 17-20, 2004 2,234 1,560
July 12-15, 2004 2,005 1,015
September 20-23, 2004 707 508
November 15-18, 2004 829 522
December 13-16, 2004 760 679
February 7-10, 2005 940 901
July 11-14, 2005 2,827 1,685
August 8-11, 2005 1,699 722
September 6-9, 2005 848 853

0.2 to 18.4 feet, while velocities ranged from B188 ft/s and adjacent velocities ranged from 0
to 4.80 ft/s. SCUBA was used for sampling in Seqtiter 2003 to September 2004 and in
August 2005.

We made 1,624 measurements for unoccupied obsamgdtl,385 in shallow areas and 239 in
deep areas), with depths ranging from 0 to 42.8 ¥etocities ranging from 0 to 5.56 ft/s and
adjacent velocities ranging from 0 to 6.51 ft/sepih and velocity were measured for all 1,624
unoccupied locations, and adjacent velocity wassonea at 1,623 locations. Cover was not
collected at one unoccupied location. We collectedccupied observations for all of the 6.1
miles of near-bank habitat sampled and for all1&@0 feet of the mid-channel habitat sampled
with SCUBA.
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Table 16. Distances (feet) sampled for juvenile salmonid HSC data - mesohabitat
types. Bar Complex and Flatwater Pools were typically the only habitat types that were
deep enough to sample with SCUBA. Distances in this table include only areas where
unoccupied data were collected, and include all areas sampled in September 2003 to
September 2004 and February 2005, but only areas where fish > 60 mm SL were found
for November to December 2004 and July to September 2005.

Mesohabitat Type Near-bank Habitat Mid-channel Habitat
Distance Sampled (ft) Distance Sampled (ft)
Bar Complex Glide 5,780 300
Bar Complex Pool 4,205 4,140
Bar Complex Riffle 2,344 0
Bar Complex Run 12,296 0
Flatwater Glide 1,080 0
Flatwater Pool 1,400 3,055
Flatwater Riffle 0 0
Flatwater Run 330 0
Side-Channel Glide 699 0
Side-Channel Pool 915 0
Side-Channel Riffle 220 0
Side-Channel Run 2,826 0
7. Biological Verification Data Collection

We conducted biological verification surveys onheigtudy sites. However, fry and juvenile
spring/fall-run Chinook salmon and/or steelheadlvaiv trout were observed only in five of
those sites. The horizontal locations of Chinoalkn®n and steelhead/rainbow trout fry and
juveniles and unoccupied locations found duringyeys listed in Table 19 were recorded by
sighting from the total station to a stadia rod pidm. Table 20 shows the numbers of
spring/fall-run Chinook salmon and/or steelheadlvaiv trout fry and juveniles that were
observed and horizontal locations recorded usitaj station in each of these five sites. Note
that we sampled one of these five sites (Timbuctio@e times and sampled another of the five
sites (Hammond) twice. In both cases, differemtipos of the site were sampled each time. We
were limited by time constraints in the numberitdssand dates that we could conduct the
biological verification surveys.
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Table 17. Distances (feet) sampled for juvenile salmonid HSC data - cover types. Data
in this table is for the same areas sampled for which data is given in Table 14.

Cover Type Near-bank Habitat Mid-channel Habitat Distance
Distance Sampled (ft) Sampled (ft)
None 9,625 3,941
Cobble 10,872 449
Boulder 4,472 2,025
Fine Woody 4,193 80
Branches 1,507 224
Log 297 78
Overhead 809 0
Undercut 3 0
Aquatic Vegetation 261 548
Rip Rap 56 150
Overhead + instream 3,732 384

Table 18. Distances (feet) snorkeled in November to December 2004 and in July to
September 2005 where we didn’t observe any salmonids greater than 60 mm SL and
where we did not collect any unoccupied data.

Mesohabitat Type Near-bank Habitat Mid-channel Habitat
Distance Sampled (ft) Distance Sampled (ft)
Bar Complex Glide 2,223 5,559
Bar Complex Pool 17,859 9,660
Bar Complex Riffle 2,190 1,550
Bar Complex Run 36,482 5,761
Flatwater Glide 1,944 420
Flatwater Pool 13,982 0
Flatwater Riffle 0 0
Flatwater Run 200 0
Side-Channel Glide 3,228 1,673
Side-Channel Pool 2,932 1,529
Side-Channel Riffle 0 0
Side-Channel Run 13,103 10,186
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Table 19. Date, study site, mesohabitat number, mesohabitat type and flow for juvenile
steelhead/rainbow trout and spring/fall Chinook salmon surveys where biological
verification data were collected.

Date Study Site MHU # MHU Type Flow (cfs)
11/3/2003 Upper Daguerra 86 BCRI 607
11/3/2003 Upper Daguerra 87 BCRU 607
11/4/2003 U.C. Sierra 180 SCRU 945
11/4/2003 U.C. Sierra 178 BCG 945
11/6/2003 Timbuctoo 158 SCRU 917
11/6/2003 Timbuctoo 160 SCRU 917
11/6/2003 Timbuctoo 161 SCP 917
1/28/2004 Island 130 BCG 2,252
3/22/2004 Railroad 11 FWP 2,510
3/23/2004 Side-Channel 30 SCRU 2,430
3/23/2004 Side-Channel 31 SCP 2,430
5/18/2004 Lower Daguerra 83 BCRU 1,560
5/19/2004 Hammond 112 BCRU 1,540
7/14/2004 Timbuctoo 170 SCRU 2,022
7/15/2004 Timbuctoo 168 BCG 1,963
9/21/2004 Hammond 112 BCRU 708

8. Habitat Quitability Criteria Devel opment

The results of the Mann-Whitney U tests and Pe&dest for association to test for differences
between fry and juvenile salmonids (Table 21) shbsgignificant differences (at p = 0.05)
between fry and juvenile habitat use for all foarigbles for the <60 mm versus >60 mm criteria
to separate fry from juveniles. In contrast, theeze no significant differences (at p = 0.05) for
adjacent velocity for the <40 mm versus > 40 mrtega and for all parameters except depth for
the <80 mm versus > 80 mm criteria. Hereafterréfgrs to YOY less than 60 mm, while
juvenile refers to YOY greater than 60 mm.
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Table 20. Observation results for biological verification surveys.

Date Site Chinook Chinook Steelhead/ Steelhead/
Fry Juvenile Rainbow Rainbow
Trout Fry Trout
Juvenile
11/6/2003 Timbuctoo 28 1
12/28/2004 Island 3
3/23/2004 Side- 17 3
Channel
5/18/2004 Lower
Daguerra 5 1
5/19/2004 Hammond 5 1 6 1
7/14/2004 Timbuctoo 19 20
7/15/2004 Timbuctoo 19 17
9/21/2004 Hammond 2

Table 21. Differences in YOY salmonid habitat use as a function of size.

Variable <40 mm Versus > 40 mm

<60 mm Versus >60 mm <80 mm Versus >80 mm

Depth  x?=36.07, p<0.000001, X*=61.51, p<0.000001, x°=24.08,p=0.000001,
n =83, 408 n =109, 371 n =39, 437
Velocity  x?=7.42,p=0.0064, X°=18.82, p=0.000014, x?=0.13, p = 0.71,
n =83, 408 n =109, 371 n =39, 437
Adjacent x>=1.92, p=0.16, X% = 20.65, p = 0.000005, x%=1.07, p = 0.30,
Velocity n =83, 408 n =109, 371 n =39, 437
Cover C=21,p=0.03, C =40, p = 0.00003, C=17,p=0.12,
n =83, 409 n =372, 109 n =39, 437

The results of the Mann-Whitney U tests and Pe&dest for association to test for differences
between Chinook salmon and steelhead/rainbow tnditate significant differences (at p =
0.05) between species for fry for velocity and edja velocity and for juveniles for depth (See
x? values in Table 22) and for both fry and juvenftescover (see C values in Table 22), but
there were no significant differences (at p = Ol@&ween species for fry for depth or for
juveniles for velocity and adjacent velocity. Sirtbe p-value for depth for fry was only slightly
larger than 0.05, we developed separate criteri€fiinook salmon and steelhead/rainbow fry
rearing to reduce Type Il error. For juveniles,lwaped together data for both species for
velocity and adjacent velocity, but split the dagdween species for depth and cover.
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Table 22. Differences in YOY habitat use as a function of species.

Variable <60 mm Fish > 60 mm Fish
Depth x> =3.51, p=0.061, x> =22.42, p=0.00002,
n=178, 195 n =239, 74
Velocity x> =20.74, p = 0.000005, x> =0.97,p=0.32,
n=178, 195 n=239, 74
Adjacent Velocity ~ x* =19.05, p = 0.000013, x° =0.43, p =0.43,
n=178, 195 n=239, 74
Cover C=90,p=15x10", C =20.6, p = 0.008,
n=179, 195 n =39, 74

Based on the CDFG race table, spring/fall-run Cbknealmon fry are present between October
16 and June 2926. As a result, we only used umiedulata collected between October 16 and
June 29 (835 observations) to develop spring/tail€hinook salmon fry depth, velocity,
adjacent velocity and cover criteria, for the tipggiods when we collected occupied data on fry
(September 2003 to September 2004 and February.2008& observed steelhead/rainbow trout
fry in the Yuba River between May and January, Gbknsalmon juveniles in the Yuba River
between March and September, and steelhead/raittbatjuveniles in the Yuba River between
May and December. As a result, we only used unoedugata collected between May and
January (1,154 observations) to develop steelremadow trout fry depth, velocity, adjacent
velocity and cover criteria, for the time periodsem we collected occupied data on fry
(September 2003 to September 2004 and February.260ther, we only used unoccupied
data collected between May and December (1,168 ¢disens) to develop steelhead/rainbow
trout juvenile depth and cover criteria, and un@oed data collected between March and
September (968 observations) to develop Chinogk@ajuvenile depth and cover criterislVe
used all of the unoccupied observations when webaoead together juveniles of both species,
since juveniles are present year-round. The numwibeccupied and unoccupied locations for
each parameter, species and life-stage are shoWhebie 23.

For the transferability tests of juvenile salmonvasocity and adjacent velocity, and Chinook
salmon and steelhead/rainbow trout juvenile depthaver, the optimum ranges from the
Sacramento River Chinook salmon juvenile rearirnigica were 1.2 to 3.8 feet, velocities of 0.15
to 0.74 ft/s, adjacent velocities of greater thargual to 3.00 ft/s, and cover codes of 3.7, 4, 4.
5, 5.7 and 8. The suitable ranges were 0.4 téeét6 velocities of 0 to 1.65 ft/s, adjacent
velocities of greater than or equal to 0.05 ftfg] all cover codes. Since there were not any
Sacramento River cover codes that were unsuitalgleyere only able to conduct the
optimum/useable transferability test for cover.e Tistribution of the Yuba River juvenile

26 We did not observe any spring/fall-run Chinooksath outside of this time period.
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Table 23. Number of occupied and unoccupied locations.

Depth Velocity Adjacent Velocity Cover
Chinook salmon Occupied 178 178 178 179
fry Unoccupied 835 835 834 835
Steelhead/rainbow Occupied 195 195 195 195

trout fry Unoccupied 1,154 1,154 1,154 1,153
Juvenile Occupied N/A 109 109 N/A
salmonid Unoccupied N/A 1,624 1,623 N/A
Chinook salmon Occupied 39 N/A N/A 39
juvenile Unoccupied 968 N/A N/A 967
Steelhead/rainbow Occupied 74 N/A N/A 74

trout juvenile Unoccupied 1,168 N/A N/A 1,167

salmonid observations, relative to the Sacramenter®ptimum and suitable ranges, are shown
in Figures 3 to 8. The results of the transferghiiésts (Table 24) were that the Sacramento
River juvenile Chinook salmon cover criteria trarséd to both Yuba River juvenile Chinook
salmon and juvenile steelhead/rainbow trout, that3acramento River juvenile Chinook salmon
depth criteria transferred to Yuba River juveniieethead/rainbow trout but not to Yuba River
juvenile Chinook salmon, and that the SacramenteRuvenile Chinook salmon velocity and
adjacent velocity criteria did not transfer to YUuRiaer juvenile salmonids. We modified the
Sacramento River juvenile depth criteria to uséWwitiba River juvenile steelhead/rainbow trout
by setting suitability equal to zero for depthsslésan 0.5 ft (the minimum depth at which we
found juvenile steelhead/rainbow trout) and gretitan 15 ft (the maximum depth at which we
found juvenile steelhead/rainbow trout).

The coefficients for the final logistic regressidasdepth and velocity for each species and size
class are shown in Table 25. The p values farfdlhe non-zero coefficients in Table 25 were
less than 0.05, as were the p values for the dvegressions. The logistic regression equation
for Chinook fry depth initially peaked at 1.2 festached a minimum at 10 to 10.1 feet, and then
reached a maximum at 18.4 feet (the maximum deptBhinook fry). There were 2 occupied
(1%) and 51 unoccupied (6%) locations with deptieatgr than 10.1 feet. As a result, we set the
Sl to 0.02 (the Sl value from the logistic regreasat 10.1 feet) for depths of 10.1 to 18.4 feet.

The logistic regression equation for juvenile Clmksalmon depth initially peaked at 3.4 feet,
reached a minimum Sl of 0.22 at 7.6 to 8.6 fead, then increased to a Sl of 0.55 at 11.8 feet
(the maximum depth at which we found juvenile Cloiksalmon in the Yuba River). There
were 3 occupied (8%) and 78 unoccupied (8%) lonatwith depths greater than 8.6 feet. As a
result, we set the Sl to 0.22 for depths of 7.61@ feet.

We were unable to use a logistic regression toldpweelocity criteria for juvenile salmonids.
Following the logistic regression procedure desatim the methods, only the constant had a p-
value less than 0.05. When the constant was eadlfrdm the logistic regression, the four
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Figure 3. Optimum and suitable ranges of Sacramento River juvenile Chinook salmon
depth HSC (horizontal lines) tested against Yuba River juvenile Chinook salmon
observations (vertical bars).
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Figure 4. Optimum and suitable ranges of Sacramento River juvenile Chinook salmon
depth HSC (horizontal lines) tested against Yuba River juvenile steelhead/rainbow trout
observations (vertical bars).
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Figure 5. Optimum and suitable ranges of Sacramento River juvenile Chinook salmon
velocity HSC (horizontal lines) tested against Yuba River juvenile salmonid
observations (vertical bars).
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Figure 6. Optimum and suitable ranges of Sacramento River juvenile Chinook salmon
adjacent velocity HSC (horizontal lines) tested against Yuba River juvenile salmonid
observations (vertical bars).
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Figure 7. Optimum values of Sacramento River juvenile Chinook salmon cover HSC
(horizontal lines) tested against Yuba River juvenile Chinook salmon observations
(vertical bars). All cover codes were suitable in the Sacramento River juvenile criteria.
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Figure 8. Optimum values of Sacramento River juvenile Chinook salmon cover HSC
(horizontal lines) tested against Yuba River juvenile steelhead/rainbow trout
observations (vertical bars). All cover codes were suitable in the Sacramento River
juvenile criteria.
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Table 24. Results of transferability tests. Sacramento River juvenile Chinook salmon
cover criteria transferred to both Yuba River juvenile Chinook salmon and juvenile
steelhead/rainbow trout, Sacramento River juvenile Chinook salmon depth criteria
transferred to Yuba River juvenile steelhead/rainbow trout but not to Yuba River juvenile
Chinook salmon, and Sacramento River juvenile Chinook salmon velocity and adjacent
velocity criteria did not transfer to Yuba River juvenile salmonids.

Species Parameter Optimum/Useable Test Suitable/Unsuitable Test
Chinook salmon Depth T=252,p=0.01 T=0.996, p=0.16
Chinook salmon Cover T=9.46,p =1.6 X 10 N/A

Steelhead/rainbow trout Depth T=2.63,p=0.004 T=2.83,p=0.002

Steelhead/rainbow trout Cover T=8.68p=19x 108 N/A
Salmonid Velocity T=-1.02,p=0.85 T=0.53,p=0.30
Salmonid @Og%%?tgt T=0.65 p=0.26 T =-0.266, p = 0.60

Table 25. Logistic regression coefficients. A coefficient or constant value of zero
indicates that term or the constant was not used in the logistic regression, because the
p-value for that coefficient or for the constant was greater than 0.05. The coefficients in
this table were determined from Equation 2. The p values for all of the non-zero
coefficients were less than 0.05, as were the p values for the overall regressions.

Species/life stage Parameter I J K L M R?

Chinook salmon fry depth  -1.5946 0.68638 -0.326879 0.028827 -0.000702 0.06
Chinook salmon fry velocity -0.9490 0 -2.111003 0.978349 -0.122900 0.09
Steelhead/rainbow trout fry  depth -2.4204 1.40089 -0.492838 0.040801 -0.000975 0.07
Steelhead/rainbow trout fry  velocity -1.5340 0 -0.208349 0 0 0.03

Chinook salmon juvenile depth -9.1580 5.34456 -1.330538 0.125920 -0.004031 0.13

logistic regression coefficients were less tharb Obit the regression equation was inconsistent
with the observed data. Specifically, this logisggression equation resulted in suitability
reaching zero at 1.5 ft/s, even though 19 per@&hot 109) of the occupied locations had
velocities of greater than 1.5 ft/s. For velastup to 2.55 ft/s, the frequency distribution of
juvenile salmonids and steelhead/rainbow troutdigimilar (Figure 9). In contrast, above 2.55
ft/s, there was only one observation of steelhaadsow trout fry. For velocities less than or
equal to 2.55 ft/s, there was no significant ddfese between velocities used by juvenile
salmonids and steelhead/rainbow trout fry (MannMéy U test, p = 0.18, n = 100, 194).
Accordingly, we used the steelhead/rainbow tropt/&locity criteria for juvenile salmonids up
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Figure 9. Comparison of relative frequency distribution of juvenile salmonid and
steelhead/rainbow trout fry velocities. The relative frequencies for each life stage were
calculated by rescaling the frequencies so that the highest relative frequency for each
life stage had a value of 1.0.

to 2.55 ft/s, and then kept a constant suitabitityvelocities of 2.55 to 3.98 ft/s (the maximum
velocity at which we observed juvenile salmonidghe final depth and velocity criteria,
reflecting the combined effects of the frequendtributions of occupied and unoccupied
locations, are shown in Figures 10 through 16 appefdix K.

Adjacent velocities were highly correlated withaaties (Table 26). For spring/fall-run fry, the
[J * V] term was dropped from the regressions beedhe p-value for J was greater than 0.05.
For steelhead/rainbow trout fry adjacent veloditg [J * V] and [M * \/] terms were dropped
from the regressions because the p-values for Mandre greater than 0.05. For juvenile
salmonid adjacent velocity, the [J * V], [L **}and [M * V] terms were dropped from the
regressions because the p-values for J, L and M gresater than 0.05. The p-values for the
remaining coefficients were less than 0.05, as wereverall p values for the four logistic
regressions. The | and N coefficients from equeBare given in Table 26. The results of
equation 4 and the derivation of the final adjacahbcity criteria (Appendix K) are shown in
Figures 17 to 19.
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Figure 10. Spring/fall-run Chinook salmon fry rearing depth HSC. The HSC show that
spring/fall-run Chinook salmon fry rearing has a non-zero suitability for depths of 0.2 to
18.4 feet and an optimum suitability at depths of 1.1 to 1.4 feet.
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spring/fall-run Chinook salmon fry rearing has a non-zero suitability for velocities of O to
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Figure 12. Steelhead/rainbow trout fry rearing depth HSC. The HSC show that
steelhead/rainbow trout fry rearing has a non-zero suitability for depths of 0.2 to 6.3 feet
and an optimum suitability at depths of 1.7 to 1.9 feet.
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Figure 13. Steelhead/rainbow trout fry rearing velocity HSC. The HSC show that
steelhead/rainbow trout fry rearing has a non-zero suitability for velocities of 0 to 3.66
feet/sec and an optimum suitability at velocities of 0 to 0.1 feet/sec.
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Figure 14. Spring/fall-run Chinook salmon juvenile rearing depth HSC. The HSC show
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steelhead/rainbow trout juvenile rearing has a non-zero suitability for velocities of O to

3.98 feet/sec and an optimum suitability at velocities of 0 to 0.1 feet/sec.
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Table 26. Adjacent velocity logistic regression coefficients and R? values. The R?
values are McFadden’s Rho-squared values. The coefficients in this table were
determined from Equation 3.

Species/Life Stage Velocity/Adjacent Velocity Correlation I N R®
Chinook fry 0.94 -1.119996 0.489388 0.09
Steelhead/rainbow trout fry 0.93 -1.789983 0.537042 0.04
Juvenile salmonids 0.93 -3.084743 0.513841 0.01

100

080

HSI

HSl,

020 4

ooa

0o 1 20 30 BV 40
Adjacent WVelocity (its)

—— Logistic Regression -+ Rescaled Logistic Regression Linear Regression

Figure 17. Spring/fall-run Chinook salmon fry rearing adjacent velocity HSC.

The initial analysis of cover used the occupied amoccupied observations in Table 22. For
spring/fall-run Chinook salmon fry, there was ataf two or less observations for cover codes
5 (log) and 8 (undercut bank). For steelhead/@intyout fry, there was a total of two or less
observations for cover codes 5, 5.7 (log plus ceadh, 8 and 9.7 (aquatic vegetation plus
overhead). The statistical tests are present@édhes 27 and 28. For Table 27, an asterisk
indicates that presence/absence of fish for thogerccodes were significantly different at p =
0.05. For Table 28, an asterisk indicates thatgi®sence/absence was significantly different
between groups at p = 0.05. Our analysis indictitatithere were four distinct groups of cover
types for spring/fall-run Chinook salmon fry andifalistinct groups for steelhead/rainbow trout
fry. This was the minimum number of groups for @hthere were significant differences
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Figure 18. Steelhead/rainbow trout fry rearing adjacent velocity HSC.
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Figure 19. Spring/fall-run Chinook salmon and steelhead/rainbow trout juvenile rearing
adjacent velocity HSC.
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Table 27. Statistical tests of difference between cover codes. An asterisk indicates that
presence/absence of fish for those cover codes were significantly different at p = 0.05.

Species Cover Codes c-value
Chinook salmon 47,3.7,5.7,4,10,3,9,7,1,0.1, 2,9.7 192 *
Chinook salmon 4.7,3.7, 5.7 (log + overhead), 4 2.40
Chinook salmon 10 (rip-rap), 3 (fine woody) 0.0036
Chinook salmon 9, 7 (overhead cover), 1 (cobble) 0.71
Chinook salmon 0.1, 2, 9.7(aquatic vegetation + overhead) 4.94

Steelhead/rainbow trout 3.7,10,4.7,4,1,7,3,2,0.1,9 105 *
Steelhead/rainbow trout 3.7, 10, 4.7 (branches + overhead) 0.79
Steelhead/rainbow trout 4 (branches), 1 0.01
Steelhead/rainbow trout 7, 3, 2 (boulder) 1.95
Steelhead/rainbow trout 0.1 (no cover), 9 (aquatic vegetation) 1.40

Table 28. Statistical tests of differences between cover code groups. An asterisk
indicates that fish presence/absence was significantly different between Groups at p =
0.05.

Cover Codes In Group

Species Group A Group B GroupC GroupD c-value

Chinook salmon 47,3.7,5.7,4 10, 3 97,1 0.1, 2,9.7 189 *

Steelhead/rainbow 3.7,10,4.7 4,1 7,3,2 0.1,9 101 *
trout

between groups but no significant differences antbegover codes in each group. For
spring/fall-run Chinook salmon fry, we assignede@osodes 5 and 8 the same suitability as
cover codes 4.7 (branches plus overhead), 3.7 {fowly plus overhead), 5.7 and 4 (branches),
since the Sacramento River cover criteria had @neessuitability for all six of these cover codes.
For steelhead/rainbow trout fry, we assigned coweeées 5, 5.7 and 8 the same suitability as
cover codes 3.7, 10 (rip-rap) and 4.7, since tleeeBaento River cover criteria had the same
suitability for cover codes 3.7, 4.7, 5, 5.7 andaddition, we assigned cover code 9.7 the
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same suitability as cover code 9 (aquatic vegetgtgince there were no occupied and two
unoccupied locations for cover code 9.7, indicathrag this cover code should have a low
suitability. As discussed above, the SacramenterRiover criteria were used for both
spring/fall-run Chinook salmon and steelhead/rambr@ut juveniles. The final cover HSC
values for both species and life stages are showagures 20 to 22 and in Appendix K.

9. Biological Verification

The fry or juvenile locations for Island site weret included in the analysis as a result of the
total station horizontal angle being set incorgecilhis caused the juvenile observations to have
the wrong horizontal locations. There was no sicgmt difference in the combined habitat
suitability predicted by the 2-D model (Figure 2&) locations with spring/fall-run Chinook fry
(median = 0.094, n = 33) than for locations withfsyt{median = 0.081, n = 52), based on the
Mann-Whitney U test (U = 667.5, p = 0.086). Theation of the spring/fall-run Chinook fry is
shown in Appendix M. The one spring/fall Chinook iocation that the 2-D model predicted
had a combined suitability of zero, out of the ltofa70 spring/fall Chinook fry locations (3.0%),
had a combined suitability of zero due to River2Bdicting the location was dry.

The combined habitat suitability predicted by thB thodel for locations with spring/fall-run
Chinook juveniles was significantly higher for ldicas with juveniles (median = 0.358, n = 5)
than for locations without juveniles (median = P& = 23), based on the Mann-Whitney U test
(U =16, p=0.013). The results for this testadeittedly weak, due to the small juvenile
sample size. The 2-D model predicted a combinddlsility of greater than zero for all five
locations. Figures showing the frequency distrdng of combined habitat suitability for
locations with and without juveniles were not cegbtor this analysis due to small sample size.
The location of the spring/fall-run Chinook juvesslis shown in Appendix M. The small
sample size used in the analysis was due to a catndim of limitations on conducting the
biological verification surveys due to time constta and the scarcity of spring/fall-run Chinook
juvenile observations encountered during the coofslee study. With such a small occupied
sample size, there could have been biases impgsseldrtion, methods used, time or other
factors.

There was no significant difference in the combiheditat suitability predicted by the 2-D

model (Figure 24) for locations with steelhead/an trout fry (median = 0.036, n = 71) than

for locations without fry (median = 0.048, n = 9Based on the Mann-Whitney U test (U =
3582.5, p = 0.741). The location of the steelh@aaldow fry is shown in Appendix M. Of the

16 steelhead/rainbow fry locations that the 2-D etquledicted had a combined suitability of
zero, out of the total of 71 steelhead/rainbowdations (22.5%), 15 locations had a combined
suitability of zero due to River2D predicting tleeétions were dry. The 1 remaining location
with a combined suitability of zero had two of theee mesh nodes for that location in the
artificial upstream extension. It appears to h@eeived a resulting value of zero due to the fact
that the substrate and cover for the upstream laoyrade automatically assigned a value of zero.
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Figure 20. Spring/fall-run Chinook salmon fry rearing cover HSC. Data for the cover
categories Log and Undercut Bank were not used in developing the HSC because there
were a total (occupied plus unoccupied) of two or less observations for these cover
categories.
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categories Log, Log + Overhead, Undercut Bank and Aquatic Vegetation + Overhead
were not used in developing the HSC because there were a total (occupied plus

unoccupied) of two or less observations for these cover categories.
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Figure 22. Spring/fall-run Chinook salmon and steelhead/rainbow trout juvenile rearing
cover HSC. The cover observations for these species and life stage are shown in
Figures 7 and 8.
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Figure 23. Combined suitability for 2-D model locations with (occupied) and without
(unoccupied) spring/fall-run Chinook fry.
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Figure 24. Combined suitability for 2-D model locations with (occupied) and without
(unoccupied) steelhead/rainbow trout fry.
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There was no significant difference in the combihaditat suitability predicted by the 2-D
model for locations with steelhead/rainbow trowmgniles (median = 0.019, n = 3) and for
locations without juveniles (median = 0.017, n 3,&&sed on the Mann-Whitney U test (U =
138, p = 0.66). One of the three occupied locatwas predicted by the 2-D model to have a
combined suitability of zero. This one locatiordfacombined suitability of zero due to
River2D predicting that this location was dry. (igs showing the frequency distributions of
combined habitat suitability for locations with aw@hout juveniles were not created for this
analysis due to small sample size. The locatiah@kteelhead/rainbow juveniles is shown in
Appendix M. The small sample size used in thdyarsawas due to a combination of
limitations on conducting the biological verificati surveys due to time constraints and the
scarcity of steelhead/rainbow trout juvenile obaéons encountered during the course of the
study. With such a small occupied sample sizegtheuld have been biases imposed by
selection, methods used, time or other factors.

10. Habitat Smulation

The WUA values calculated for each site are copethin Appendix L. The ratios of the total
area of each habitat type present in a given segio¢he area of each habitat type that was
modeled in that segment are given in Table 29wHlabitat relationships, by species, life stage
and segment, are depicted in Figures 25 — 32, givAppendix L and summarized in Table 30.

DISCUSSION
1. Habitat Mapping

Traditionally habitat mapping is done in a lineashion going downstream. The two-
dimensional habitat mapping used in this studyasentonsistent with a two-dimensional-based
hydraulic and habitat modeling of habitat availiyil In addition (Figure 33) two-dimensional
habitat mapping better captures the complexity e$ohabitat units in the Yuba River.

2. Hydraulic and Sructural Habitat Data Collection

Incorporating the U.S. Army Corps of Engineers ddliawed greater refinement of the bed
topography for each study site. Establishing tieeige northing and easting coordinates and
elevations of our horizontal benchmarks using desjuency survey-grade differential GPS and
tying in our vertical benchmarks to the elevatiohghe horizontal benchmarks also enabled
establishing the location and orientation of thessand their bed elevations and water surface
elevations relative to data that is concurrentipgeollected by other entities. This will

facilitate the sharing and comparison of datalfervtarious studies being conducted on the Yuba
River. All of the measurements were accurateftwol horizontally and 0.1 foot vertically. We
believe that measurement error would have a mingfiatt on the final result.
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Table 29. Ratio of habitat areas in segment to habitat areas in modeled sites. Entries
with an asterisk indicate that the habitat type was not modeled in that reach.

Habitat Type Above Daguerra Below Daguerra
Flatwater Glide * 5.95
Flatwater Pool 2.08 34.89
Flatwater Riffle * *
Flatwater Run 5.92 2.60

Bar Complex Glide 2.34 9.28
Bar Complex Pool 3.74 23.68
Bar Complex Riffle 2.86 2.79
Bar Complex Run 8.84 3.49
Side Channel Pool 4.55 2.18
Side Channel Riffle 1.27 *
Side Channel Run 1.46 5.64
Side Channel Glide 8.97 *

Table 30. Summary of flow-habitat relationship results. Numbers given in this table are
the flow (cfs) with the highest total WUA.

Species Life Stage Above Daguerra Below Daguerra
Chinook salmon Fry 4,300 4,500
Chinook salmon Juvenile 1,300 2,000

Steelhead/rainbow trout Fry 400 500
Steelhead/rainbow trout Juvenile 1,000 2,000

3. Hydraulic Model Construction and Calibration
3.1. PHABSIM WSEL Calibration

We decided that the multiple regression WSEL catibn for Railroad was acceptable, despite there
being more than a 0.1 foot difference between nredsand simulated WSELs. Specifically, the
maximum difference between measured and simulat8BM of 0.11 feet was much less than the
maximum difference witiFG4 and MANSQ, and reflected the additional errors implicit in
predicting WSELSs from two different flows (from tiveiba and Feather Rivers), versus predicting
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Figure 25. Spring/fall-run Chinook salmon fry rearing flow-habitat relationship above
Daguerra Point Dam. The flow with the maximum spring/fall-run Chinook salmon fry
rearing habitat was 4,300 cfs.
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Figure 26. Spring/fall-run Chinook salmon juvenile rearing flow-habitat relationship
above Daguerra Point Dam. The flow with the maximum spring/fall-run Chinook salmon
juvenile rearing habitat was 1,300 cfs.
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Figure 27. Steelhead/rainbow trout fry rearing flow-habitat relationship above Daguerra

Point Dam. The flow with the maximum steelhead/rainbow trout fry rearing habitat was
400 cfs.
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Figure 28. Steelhead/rainbow trout juvenile rearing flow-habitat relationship above
Daguerra Point Dam. The flow with the maximum steelhead/rainbow trout juvenile
rearing habitat was 1,000 cfs.
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Figure 29. Spring/fall-run Chinook salmon fry rearing flow-habitat relationship below
Daguerra Point Dam. The flow with the maximum spring/fall-run Chinook salmon fry
rearing habitat was 4,500 cfs.
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Figure 30. Spring/fall-run Chinook salmon juvenile rearing flow-habitat relationship
below Daguerra Point Dam. The flow with the maximum spring/fall-run Chinook salmon
juvenile rearing habitat was 2,000 cfs.
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Figure 31. Steelhead/rainbow trout fry rearing flow-habitat relationship below Daguerra
Point Dam. The flow with the maximum steelhead/rainbow trout fry rearing habitat was
500 cfs.
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Figure 32. Steelhead/rainbow trout juvenile rearing flow-habitat relationship below
Daguerra Point Dam. The flow with the maximum steelhead/rainbow trout juvenile
rearing habitat was 2,000 cfs.
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Figure 33. Detail of habitat mapping of a portion of the Timbuctoo study site.

WSELSs from only one flow. We did not regard thigtsily low VAF values for the lowest
simulation flow of 150 cfs for Railroad upstreandatownstream transects, nor the deviation
from the expected pattern of VAFs for the highésiugation flow of 4,500 cfs for Railroad
upstream and downstream transects, as problentatee RHABSIM was only used to simulate
WSELSs and not velocities.

3.2. River2D Model Construction

The U.S. Army Corps of Engineers data incorporated the bed topography allowed greater
refinement of the bed topography for each study dit most cases, the portions of the mesh where
there was greater than a 0.1 foot (0.03 m) diffeedmetween the mesh and final bed file were in
steep areas; in these areas, the mesh would bim With foot (0.03 m) vertically of the bed file
within 1.0 foot (0.3 m) horizontally of the beddfilocation. Given that we had a 1-foot (0.3 m)
horizontal level of accuracy, such areas would fevadequate fit of the mesh to the bed file.
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3.3. River2D Modd Calibration

In general, Narrows and Lower Hallwood sites’ siatetl WSELSs at the calibration flow differed
by more than 0.1 foot in some places along there@st transect. We were uncertain which
model was responsible for the discrepancies bette=WSELs predicted by River2D and
PHABSIM. In the case of Narrows, the results fi@imer2D may be somewhat questionable,
given that the average value exceeded 0.1 foo8{h@®). However, for Narrows and Lower
Hallwood sites, the WSELSs next to the locationghefleft and right banks within the model
were all within the 0.1 foot (0.031 m) criterionlwa in the final calibration. The PHABSIM
simulated WSELs and the measured WSELSs used filmratihg the cdg files were based on
WSEL measurements taken next to the left and bhghks. For higher gradient portions of the
Yuba River, the WSEL going across the river wiffeli by more than 0.1 foot (0.031 m) at some
flows, with up to a 0.23 foot (0.070 m) measurdtedence in WSEL between the two banks in
some areas, such as the Rosebar site. We decideddpt the calibration results at the highest
simulation flow because all our WSEL measuremermiewnade next to the left and right banks
(Appendix G). Although the maximum WSEL values lfomver Hallwood site’s upstream
transect exceeded the 0.1 foot (0.031 m) critetiomer Hallwood had an average WSEL that
was well within that criterion value (Appendix G).

We attribute the maximum difference of 0.29 fedtsen the WSEL simulated by River2D and
PHABSIM at 4,500 cfs for the Narrows upstream tem$o inaccuracies in the bed topography
upstream of the site. Specifically, the lack ofrCorps of Engineers hydroacoustic data
upstream of the site and the limited amount of AMaR we collected upstream of the site
likely resulted in an inaccurate simulation of WSHdt the upstream transect. Alternatively, the
actual WSEL in the middle of the Narrows upstreaandect at 4,500 cfs may have been 0.29
feet lower than the WSELSs on the left and rightksanWe have no way of testing this
alternative, since we never measured WSELSs fortthasect away from the left and right banks,
since most of the transect was over 6 feet dedap,am average depth of over 20 feet. The
measured WSELSs are not consistent with the abdemalive, since at all flows, the left and
right bank WSELSs differed by a maximum of 0.03 féfatcordingly, we decided the calibration
for Lower Hallwood site was acceptable, with thelihood that Narrows was also acceptable.

We felt that it would be more accurate to calibfaieersion and Sucker Glide sites using the
measured WSELSs for the highest flow within the en§simulated flows. Our general rule is
that it is more accurate to calibrate sites udmegWSELs simulated by PHABSIM at the highest
simulation flow because the River2D model is m@mesgive to the bed roughness multiplier at
higher flows, versus lower flows. However, whenhese decided, as for these sites, that the
simulation of the WSEL at the upstream transetatighest simulation flow by PHABSIM is
inaccurate, it no longer makes sense to calibrater®D using the WSELs simulated by
PHABSIM at the highest simulation flow. In theseses, we use the fall-back option of
calibrating River2D using the WSELs measured ahighest flow within the range of
simulation flows.
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We considered the solution to be acceptable fostinay site cdg files which had a maximum
Froude Number greater than 1, since the Froude Muondy exceeded one at a few nodes, with
the vast majority of the site having Froude Numbess than one. Furthermore, these nodes
were located either at the water’'s edge or wheteneepth was extremely shallow, typically
approaching zero. A high Froude Number at a vieritdd number of nodes at water’s edge or
in very shallow depths would be expected to havmsignificant effect on the model results.

The calibrations for Narrows and Railroad, wheeerbt Q was greater than 1%, were still
considered to have a stable solution since th@mneas not changing and the net Q in both cases
was less than 5%. In comparison, the acceptetldéaecuracy for USGS gages is generally
5%. Thus, the difference between the flows augp&iream and downstream boundary (net Q) is
within the same range as the accuracy for USGSsganel is considered acceptable.

3.4. River2D Mode Veocity Validation

As noted in the results section, we were unablaliolate the velocity predictions for the
hydraulic models of Narrows, Sucker Glide, and aill sites (Figure 2). As a result, there is
greater uncertainty in the habitat modeling redoltshese sites than for the remaining sites. We
were left with two alternatives: 1) to throw obese sites and represent flatwater habitat by bar
complex habitat; or 2) to use the sites. We belinat it would be more accurate to model
rearing habitat in the Yuba River using these digxsause if we threw out these sites, the rearing
habitat would not include results from flatwatebhat types, which comprise 16 percent of the
area of the Yuba River between Englebright Damthedconfluence with the Feather River. We
believe that the errors associated with simulatddoities for these sites are less than the errors
that would be associated with representing flatnaéditats by bar complex habitats.

Differences in magnitude in most cases are likely th: (1) aspects of the bed topography of
the site that were not captured in our data catlac(2) operator error during data collection,
i.e., the probe was not facing precisely into tmedfion of current; (3) range of natural velocity
variation at each point over time resulting in sameasured data points at the low or high end of
the velocity range averaged in the model simulatiamd (4) the measured velocities being the
component of the velocity in the downstream diectwhile the velocities predicted by the 2-D
model were the absolute magnitude of velSéityAs shown by the figures in Appendix H, we
attribute many of the differences between measanedpredicted velocities to noise in the
measured velocity measurements; specifically,Herttansects, the simulated velocities typically
fell within the range of the measured velocitieshef three or more ADCP traverses made on
each transect. The 2-D model integrates effeota the surrounding elements at each point.

%" For areas with transverse flow, this would resulthie 2-D model appearing to over-
predict velocities even if it was accurately prédig the velocities.
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Thus, point measurements of velocity can diffenfreimulated values simply due to the local
area integration that takes place. As a resudtatika integration effect noted above will produce
somewhat smoother lateral velocity profiles thasmdbservations.

We attribute the overprediction of velocities foetNarrows downstream transect and Narrows
Deep Bed CF to a strong eddy that was producdukitydraulic model (Figure 34). The effect
of this eddy extended less than 200 feet upstrdahredNarrows downstream transect, a
relatively small portion of the 1,950 foot-longesitThe measured data for the Narrows
downstream transect did indicate the presence etldy at approximately the same location as
that generated by the hydraulic model, but of ahmawer magnitude. The strong simulated
upstream velocities on the south side of the cHameee countered by the strong downstream
velocities in the middle of the channel, resulting net outflow of only 8.3 percent. Itis likely
that we could have improved the prediction of vitles at the downstream end of the Narrows
site by adding a downstream extension onto thegwdrmodel, but were unable to do so due to
time constraints — due to the large size and caxitglef the Narrows site, it took two months to
complete all of the production runs for this siteis interesting to note that if the velocitiesrn
the downstream transect were excluded from theuatiah of velocity validation, the correlation
between measured and simulated velocities forsitesncreased to 0.58, almost reaching the
criterion for velocity validation.

For the Side-Channel site, we attribute the difiees between the measured and simulated
velocities for both transects to the lack of Armyr@s of Engineers raw hydroacoustic data
upstream of the site. The actual topography ugstref the site likely resulted in less of the flow
going on the north side of the channel and moté@flow going through the remainder of the
channel. Because the actual topography upstredhe atudy site was not included in the bed
topography of the model, the influence of this aphy was not reflected in the velocities
simulated by the River2D model of the study si&nce the site was relatively short, the effect
of the topography upstream of the site propagdteéteaway through the site, affecting the
velocity distribution at the downstream transethe River2D model sets velocities at the
upstream boundary proportional to depth. The &stedeled velocities at the upstream
boundary were at the thalweg, while the actual gogpehy upstream of the site resulted in
relatively low velocities at the thalweg at the tupam end of the site.

For Whirlpool site, we attribute the differencesvizeen the measured and simulated velocities
for the downstream transect to an eddy generat&iuar2D on the east side of the channel
(Figure 35), which was not present in the measdetd. The presence of this eddy resulted in
River2D underestimating the velocities on the sal of the channel; to achieve a mass
balance, this resulted in overestimating the vékxifor the west side of the channel. We were
unable to improve the prediction of velocitiesha townstream end of Whirlpool site by adding
a downstream extension onto the hydraulic modedisse the downstream end of Whirlpool site
was located at the downstream end of a split cHarile attribute the differences between the
measured and simulated velocities for the upstiteansect at the Whirlpool site to the use of
relatively low density Army Corps of Engineers daeigroduce the channel topography upstream
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Figure 34. Detail of velocity simulation for the downstream 200 feet of Narrows site at a
flow of 1,890 cfs. Units of velocity are m/s.

Figure 35. Detail of velocity simulation for the downstream-most portion of Whirlpool
site at a flow of 1,220 cfs. Units of velocity are m/s.
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of the upstream transect. We believe that a ssealle feature upstream of the upstream transect,
that influenced the water velocities in that aveas not accurately characterized or was missing
from the model bed topography.

For those deep beds where River2D over or undeligiesl the velocities on one or both sides of
the channel for the following deep beds, we attelihis to either errors in the bed topography
that did not properly characterize features thsilted in faster/slower velocities, or errors ia th
ADCP measurements of velocity. Narrows Deep Bed3, A J, M, N, Q-U, W, X-AB, AD-AH,
AM, and AN are good examples of where the bed toggyy was likely not sufficiently
accurately characterized in the model. The uppgargeoof the Narrows site had very irregular
topography as a result of bedrock and boulder foans; in this situation, it would have

required an extremely high density of bed topogygpints to accurately characterize the bed
topography for this site.

Where River2D under-predicted the velocities acrsst of the channel for Sucker Glide Deep
Beds D, E and N, we attribute this to errors inAECP velocity measurements (being too
high). Specifically, the calculated dischargesSacker Glide Deep Beds D, E and N were,
respectively, 1,632, 1,746 and 1,499 cfs, versasttual total river discharge of 1,250 cfs. In
the cases where River2D over-predicted the simdikaéocities for Lower Hallwood Deep Beds
J to L, we attribute this to errors in the ADCP sw@aments (being too low). For example, the
calculated discharges for Lower Hallwood Deep BetsL (which crossed most of the wetted
channel) were 698, 645 and 487 cfs, respectivelgus the actual total discharge of 1,060 cfs.

3.5. River2D Modd Simulation Flow Runs

We initially ran the Side-Channel site simulatiaydiles with a minimum groundwater depth of
0.05. However, we discovered that for Side-Chanitelflows of less than 35.7 cfs
(corresponding to total river flows of less thafQD cfs), a minimum groundwater depth of 0.05
resulted in a Net Q of greater than 1 percent. aitédouted this to the extremely shallow nature

of this site at low flows, where a substantial patage of the site had water depths less than 0.05
m. Accordingly, for Side-Channel site flows ofdefan 35.7 cfs, we used a minimum
groundwater depth of 0.005. The lower minimum gibwater depth, for most of the simulation
flows, reduced the Net Q and thus resulted in aerstable solution.

The simulation flow run cdg files for Narrows (withe exception of 800-900 cfs and 1,700-
2,100 cfs), Lower Hallwood, Side-Channel (with theeption of 800-900 cfs), Sucker Glide
(with the exceptions of 150 and 400-1,000 cfs), Badroad sites, where the net Q was greater
than 1%, were still considered to have a stablatieol since the net Q was not changing and the
net Q in all cases was less than 5%. In compartbenaccepted level of accuracy for USGS
gages is generally 5%. Thus, the difference betvlee flows at the upstream and downstream
boundary (net Q) is within the same range as tharacy for USGS gages, and is considered
acceptable. In the cases of the seven Narrowfiledgthe two Side-Channel cdg files, and the
eight Sucker Glide cdg files where the net Q sigaiftly exceeded the 5% level, we consider
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that a level of uncertainty applies to resultstf@se production files. In the case of the Side-
Channel 800 cfs cdg file, the net Q difference 8% was so bad that we eliminated this flow
from the simulation flow runs. At a total flow 800 cfs, the flow in the site was mostly
subsurface and the habitat present would not bi&ablato juvenile salmonids, since it would be
isolated from the main channel (Figure 36). Fer3$de-Channel site at a total flow of 900 cfs,
we attribute the high net Q value (20.67%) to tbesfbeing subsurface all the way across the
channel at the hydraulic control within the sitgg(ffe 37). In contrast to the other total river
flows of less than 1,900 cfs at this site, the sation for a total flow of 900 cfs with a minimum
groundwater depth of 0.05 resulted in a lower N¢4@%) than for the minimum groundwater
depth of 0.005 used to simulate this flow. Thékignet Q’s in Sucker Glide site likely resulted
from an error in the bed topography in the vicirufythe downstream boundary causing an eddy.
Similarly, as discussed above in the velocity \atlioh section, we attributed the higher net Q for
the Narrows files at 1,700-2,100 cfs to a strondydtiat was produced in the hydraulic model.

It is likely that we could have reduced the net@these simulation flows for the Narrows site
by adding a downstream extension onto the hydrautidel, but were unable to do so due to
time constraints — due to the large size and caxitglef the Narrows site, it took two months to
complete all of the production runs for this sitée attribute the net Q’s greater than 5 percent
for Narrows 800-900 cfs to an error in the modeéikulation of net Q. When the total outflow
is calculated from the difference in cumulativectizrge at the left and right water’s edge at the
downstream boundary, the actual net Q values ®Ngrrows site at 800 and 900 cfs are,
respectively, 3.2 and 2.9 percent.

Although a majority of the simulation flow files héVlax F values that exceeded 1, we
considered these production runs to be acceptatde the Froude Number was only greater than
one at a few nodes, with the vast majority of tteaavithin the site having Froude Numbers less
than one. Again, as described in River2D Modell€alion discussion, these nodes were
located either at the water’'s edge or where wagptidwas extremely shallow, typically
approaching zero. A high Froude number at a vergdd number of nodes at water’s edge or in
very shallow depths would be expected to have significant effect on the model results. In
addition, there were limited portions of a few loé¢ tsites, such as portions of the upper end of
Narrows where water was passing over the top olideos, where there actually was supercritical
flow, where a Max F value of greater than 1 wouddcelzpected.

4. Habitat Quitability Criteria (HSC) Data Collection

Despite considerable effort, sampling 36 milestarmel, we were only able to make 39
observations of Chinook salmon greater than 60 men74 observations of steelhead/rainbow
trout greater than 60 mm. In contrast, samplimgShcramento River, we made 133
observations of fall-run Chinook salmon greatentB@ mm while sampling 24.4 miles of
channel (U.S. Fish and Wildlife Service 2005). thanhy, sampling Clear Creek we made 173
observations of fall-run Chinook salmon greatent6@ mm while sampling 2.4 miles of channel
(U.S. Fish and Wildlife Service 2007). We do nobWw if our paucity of observations on the
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Figure 36. Detail of depth simulation for Side-Channel site at a site flow of 0.2 cfs,

corresponding to a total flow of 800 cfs. Uncolored area connotes the region of
subsurface flow. Units of depth are m.
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Figure 37. Detail of depth simulation for Side-Channel site at a site flow of 1.2 cfs,
corresponding to a total flow of 900 cfs. Uncolored area connotes the region of
subsurface flow. Units of depth are m.
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Yuba River was due to very low densities of Chiknealmon and steelhead/rainbow trout
greater than 60 mm, or if most juvenile salmonid=sater than 60 mm detected us and fled before
we had the opportunity to observe them. The lapgears more likely, given the large numbers
of both juvenile Chinook salmon and steelhead/@mwbrout greater than 60 mm that are
captured in the screw traps on the Yuba River (M&894) and the coefficients of variation (4

to 173 percent) seen between replicate snorkekgsifor juvenile steelhead in the Yuba River
(Bratovich et al. 2003). We believe that the lawniers of juvenile salmonids greater than 60
mm that we observed likely reflects a limitationusing snorkel survey methods in the Yuba
River to collect HSI data for juvenile salmonideager than 60 mm. It is difficult to directly
compare our results with those from Beak (198%akB(1989) had 500 observations of juvenile
fall-run Chinook salmon, but they defined each fistone observation. In contrast, we defined
each group of fish as one observation; the 39 ghtiens that we had of Chinook salmon greater
than 60 mm comprised a total of 213 fish greatent®0 mm. In addition, Beak (1989) defined
juveniles as being greater than 50 mm, while wénddfjuveniles as being greater than 60 mm.

5. Habitat Quitability Criteria (HSC) Devel opment

The R values in Tables 25 and 26 in general reflectatge degree of overlap in occupied and
unoccupied depths and velocities (Figures 10 — L6 R values are the norm in logistic
regression, particularly in comparison with lineagression models (Hosmer and Lemeshow
2000). The Rvalues in this study were significantly lower tithnse in Knapp and Preisler
(1999), Geist et al. (2000) and Guay et al. (208@)ch had R values ranging from 0.49 to 0.86.
We attribute this difference to the fact that thewge studies used a multivariate logistic
regression which included all of the independemniatdes. It would be expected that the
proportion of variance (Rvalue) explained by the habitat suitability vatéswould be
apportioned among depth, velocity, adjacent vefaaiid cover. For example, McHugh and
Budy (2004) had much lower*Ralues, in the range of 0.13 to 0.31, for logistigressions with
only one independent variable.

The logistic regressions clearly showed that thes a significant influence of depth and
velocity on use or nonuse with the range of ovémilag conditions, since the p-values for the
logistic regressions and the p-values for the iiddial terms of the logistic regressions were all
less than 0.05. Accordingly, we believe that deguild velocity do not act as boundary
conditions for use given that all other rearing divions are suitable (i.e., adjacent
velocity and cover). Binary criteria are generdliplogically unrealistic — they either
overestimate the habitat value of marginal condsgid the binary criteria are broadly
defined (for example, setting suitability equalaioe for any depths and velocities where
the original HSI value was greater than 0.1) or ptetely discount the habitat value of
marginal conditions. The latter case would be dgaodally unrealistic since many fry and
juveniles would be in areas which would be consdecompletely unsuitable from the
binary criteria.
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Rubin et al. (1991) present a similar method teskogregression using fish density instead of
presence-absence, and using an exponential polghosgression, rather than a logistic
regression. Rubin et al. (1991) selected an exgaigolynomial regression because the
distribution of counts of fish resembles a Poisdstribution. We did not use this method for
the following reasons: 1) we had low confidencéhim accuracy of our estimates of the number
of fish in each observation; and 2) while it iss@aable to assume that a school of fish represents
higher quality habitat than one fish, it is prolyalhreasonable to assume that, for example, 100
fish represents 100 times better habitat than ishe A more appropriate measure of the effects
of the number of fish on habitat quality would pably be to select some measure like log
(number of fish + 1), so that 1-2 fish would regmisa value of one, 3-30 fish would represent a
value of two and 31-315 fish would represent aealfithreé®. We are not aware of any such
measure in the literature, nor are we aware of Wweveould determine what an appropriate
measure would be.

It should be noted that the regressions were ftitéaraw occupied and unoccupied data, rather
than to the frequency histograms shown in FiguGethdough 16. In general, the criteria track
the occupied data, but drop off slower than thaipmxl data due to the frequency of the
unoccupied data also dropping over the same raindgepths and velocities. In general, the
velocity criteria more closely tracked the occupiedjuencies than the depth criteria, indicating
that the availability of deeper conditions hasrgéa effect on YOY habitat use than the
availability of faster conditions. The lower awillity of intermediate depths, versus shallow
depths, constrains YOY habitat use largely to skaatlepths. With greater availability of
intermediate depths YOY habitat use would be exquettd be highest at intermediate depths,
consistent with the HSC.

The HSC from this study for depth, velocity, adjstceelocity and cover varied with life stage
and species (Figures 38 — 41). Consistent witls¢rentific literature (Gido and Propst 1999,
Sechnick et al. 1986, Baltz and Moyle 1984 and M@&nd Vondracek 1985), our data showed
that larger fish select deeper and faster condittban smaller fish, although for
steelhead/rainbow trout, the higher suitabilityasfter velocities was only shown for velocities
greater than 2.55 ft/s. The criteria also showrssistent preference for composite cover
(instream woody plus overhead — cover codes 377add 5.7). Composite cover likely is an
important aspect of juvenile salmonid habitat beeatireduces the risk of both piscivorous and
avian predation. The cover criteria also sugdestdobble cover is more important for
steelhead/rainbow trout fry than for steelheadlyawn trout juveniles or Chinook salmon fry or
juveniles. This is consistent with our observagitimt steelhead/rainbow trout fry were
sometime observed coming out of or going under leoblbstrate during our snorkel surveys.
The upper end of the Chinook juvenile depth critareaching zero at 11.9 feet, versus the
Chinook fry criteria, which does not reach zeralui.5 feet, likely reflects the small number of
occupied observations that we were able to colequvenile Chinook. With a larger sample

28 The largest number of fish that we had in oreeokation was 300 fish.
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Figure 38. Comparison of depth HSC from this study. These criteria indicate that the
optimum depths for juvenile fish are greater than those for fry, particularly for Chinook
salmon. 10
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Figure 39. Comparison of velocity HSC from this study. These criteria indicate that
there was a slower rate of decline of suitability with increasing velocity for steelhead/
rainbow trout fry and both Chinook and steelhead/rainbow trout juveniles than for
Chinook salmon fry.
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Figure 40. Comparison of cover HSC from this study. These criteria indicate that no
cover had a lower suitability for fry than juveniles, but that there was a consistent

preference for composite cover (instream woody plus overhead — cover codes 3.7, 4.7
and 5.7).
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Figure 41. Comparison of adjacent velocity HSC from this study. These criteria
indicate that turbulent mixing transporting invertebrate drift from fast-water areas to
adjacent slow-water areas was most important for Chinook and steelhead juveniles and
least important for Chinook fry.
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size, we would have expected to have made atdea@sbbservation of juvenile Chinook salmon
in depths greater than 11.9 feet. For exampléhersacramento River (Gard 2006), we found
juvenile Chinook salmon in depths of up to 23.%.fee

We compared the criteria from this study with théeda from other studies (Figures 42 - 52).
For spring/fall-run Chinook salmon fry and juvendepth and velocity, we compared the criteria
from this study with those of Beak (1989) on théb¥River and California Department of

Water Resources (2005) on the Feather River. teetheead/rainbow trout fry and juvenile depth
and velocity, we compared our HSC to those fromPiather (California Department of Water
Resources 2005) and Trinity (Hampton 1997) riersVith the exception of Chinook salmon

fry, we compared all of the depth and velocityesrd with those from Bovee (1978), since these
criteria are commonly used in instream flow studisseference criteria. Since Bovee (1978)
does not have criteria for Chinook salmon fry, wedianother commonly cited reference criteria
(Raleigh et al. 1986).

**These were the only other steelhead fry and jued#8C developed in California that we were
able to identify.Beak (1989) did not develop criteria for steelhesidbow trout.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

84



HSI

0.0 20 4.0 6.0 a0 10.0 12.0 140 16.0 18.0
Drepth ()

| —— USFWS study - Beak study ——F eather Raleigh |

Figure 42. Comparison of spring/fall-run Chinook salmon fry depth HSC from this study
with other fall-run Chinook salmon fry depth HSC. The criteria from this study show

non-zero suitability, albeit at low values, for deeper conditions than the other criteria.
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Figure 43. Comparison of spring/fall-run Chinook salmon fry velocity HSC from this
study with other fall-run Chinook salmon fry velocity HSC. The criteria from this study
show non-zero suitability, albeit at low values, for faster conditions than other criteria.
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Figure 44. Comparison of spring/fall-run Chinook salmon juvenile depth HSC from this
study with other fall-run Chinook salmon juvenile depth HSC. The criteria from this
study reaches an optimum depth at deeper conditions than the other criteria.
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Figure 45. Comparison of spring/fall-run Chinook salmon juvenile velocity HSC from
this study with other fall-run Chinook salmon juvenile velocity HSC. The criteria from
this study show non-zero suitability for faster conditions than other criteria.
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Figure 46. Comparison of steelhead/rainbow trout fry depth HSC from this study with

other steelhead fry depth HSC. The criteria from this study show steelhead/rainbow
trout fry preferring deeper conditions than other criteria.
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Figure 47. Comparison of steelhead/rainbow trout fry velocity HSC from this study with
other steelhead fry velocity HSC. The criteria from this study show non-zero suitability
extending to faster conditions than other criteria.
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Figure 48. Comparison of steelhead/rainbow trout juvenile depth HSC from this study
with other steelhead juvenile depth HSC. The criteria from this study show non-zero
suitability, albeit at low values, for deeper conditions than the other criteria.
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Figure 49. Comparison of steelhead/rainbow trout juvenile velocity HSC from this study
with other steelhead juvenile velocity HSC. The criteria from this study show an optimal

velocity at a lower value than for other criteria.
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Figure 50. Comparison of spring/fall-run Chinook salmon fry cover HSC from this study
with other fall-run Chinook salmon fry cover HSC. These criteria indicate a consistent

preference for composite cover (instream woody plus overhead).
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Figure 51. Comparison of spring/fall-run Chinook salmon fry adjacent velocity HSC
from this study with other fall-run Chinook salmon fry adjacent velocity HSC. The
criteria indicate that turbulent mixing transporting invertebrate drift from fast-water areas
to adjacent slow-water areas was more important for Yuba River Chinook fry than for

Sacramento River Chinook fry.
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Figure 52. Comparison of spring/fall-run Chinook salmon juvenile adjacent velocity
HSC from this study with other fall-run Chinook salmon juvenile adjacent velocity HSC.
The Yuba and Sacramento River criteria are quite similar.
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For cover, we were limited to comparing the cradrom this study to criteria we had developed
on other studies which used the same, unique @mgdng system. We compared the spring/fall-
run Chinook salmon fry criteria from this studytbmse we had developed for fall-run Chinook
salmon on the Sacramento River (Gard 2006). We wet able to compare the spring/fall-run
Chinook salmon juvenile criteria from this studythose developed for the Sacramento River
(Gard 2006), since we already have adopted theaB&rito River cover criteria for this study, as
discussed in the Results — Habitat Suitability&2ii Development section. We have not
previously developed criteria for steelhead/rainthawt fry or juvenile rearing.

For adjacent velocity, the only other HSC we wdike o0 identify for Chinook salmon fry or
juvenile rearing were the criteria we developedlenSacramento River (Gard 2006). We have
not previously developed criteria for steelheadivaiv trout fry or juvenile rearing, nor were we
able to identify any other adjacent velocity HS@tthad been developed for steelhead/rainbow
trout fry or juvenile rearing.

The spring/fall-run Chinook salmon fry and juveraled steelhead/rainbow trout juvenile depth
criteria show non-zero suitability, albeit at loalwes, for deeper conditions than the criteria
from other studies. We attribute this to the USB@UBA sampling to collect fry and juvenile
rearing HSC data in deeper water. Typically, dateata for fry and juvenile anadromous
salmonids are only collected using snorkel survenghe assumption that fry and juvenile
anadromous salmonids will not be found in deepeervan contrast, we found that fry and
juvenile anadromous salmonids will use deeper waiikr suitable velocities. The depth criteria
for steelhead/rainbow trout fry differed more sabsially from other criteria, with an optimal
suitability at 1.7 to 1.9 feet, versus at 0.5 o f@éet for other criteria. We attribute this te tirse
of a logistic regression to address availabilityd ghat the other criteria, developed using use
data, underestimate the suitability of deeper dands (in the range of 1.5 to 6 feet) because they
do not take availability into account. In additiove observed steelhead/rainbow trout fry in
deeper conditions than for other criteria; we hexks percent of our observations in wat&
feet, while both the Feather and Trinity River HIS&2l zero suitability for depths3 feet.

The spring/fall-run Chinook salmon fry velocityteria show non-zero suitability, albeit at low
values, for faster conditions than the other aateiVe attribute this to the fact that we observed
spring/fall-run Chinook salmon fry at higher veloes than for other criteria; we had
observations at velocities as high as 3.62 feetiglkite both the Feather River and Beak (1989)
HSC had zero suitability for velocities greatenttza24 feet/sec. Similarly, our spring/fall-run
Chinook salmon juvenile and steelhead/rainbow thgutelocity criteria show non-zero
suitability for faster conditions than other crigenWe attribute this to the fact that we observed
spring/fall-run Chinook salmon juveniles and stealffrainbow trout fry at higher velocities than
for other criteria. For spring/fall-run Chinooks@n juveniles, we had observations at
velocities as high as 3.98 feet/sec, while bothRbather River and Beak (1989) HSC had zero
suitability for velocities greater than 3.24 feet's For steelhead/rainbow trout fry, we had
observations at velocities as high as 3.66 feetiglite both the Feather and Trinity River HSC
had zero suitability for velocities greater tha@®feet/sec. Our spring/fall-run Chinook salmon
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and steelhead/rainbow trout juvenile velocity H®©Owed an optimal velocity at a lower value
than for other criteria. We attribute this to hyto use the steelhead/rainbow trout fry velocity
HSC for spring/fall-run Chinook salmon and steethiesinbow trout juveniles, for velocities less
than 2.55 feet/sec. The very similar frequencirithgtion of occupied and unoccupied velocities
for spring/fall-run Chinook salmon and steelheadbaw trout juveniles resulted in a logistic
regression that showed that there was no significiaence of velocity on use or nonuse.
Accordingly, we could have used a binary veloctitetia for spring/fall-run Chinook salmon

and steelhead/rainbow trout juveniles, but decttlatithe use of the steelhead/rainbow trout fry
velocity HSC for velocities less than 2.55 feet/a@s more appropriate, given the lack of a
significant difference between velocities usedumepile salmonids and steelhead/rainbow trout
fry for velocities less than 2.55 feet/sec.

The consistency between the Yuba and Sacramen&y Rhnook salmon fry cover HSC,
relative to preference for composite cover (instreeoody plus overhead), and the Chinook
salmon juvenile adjacent velocity criteria suppdines importance of these two habitat
characteristics for anadromous juvenile salmonading. While cover is frequently used for
anadromous juvenile salmonid rearing, the simplicftthe cover categories (typically no cover,
object cover, overhead cover and object plus oweefltever) misses the importance of woody
composite cover for anadromous juvenile salmorading. The concept of adjacent velocity
criteria was included in the original PHABSIM soéxe, through the HABTAYV program
(Milhous et al. 1989), but has rarely been impleteénand has been envisioned as primarily
applying to adult salmonids, where the fish residew-velocity areas, but briefly venture into
adjacent fast-velocity areas to feed on invertebdaift. In both this study and our Sacramento
River study (US Fish and Wildlife Service 2005), nsve developed the adjacent velocity
criteria based on an entirely different mechanisamely the transport of invertebrate drift from
fast-water areas to adjacent slow-water areas Wheaad juvenile salmonids reside via
turbulent mixing. We believe that this is an imjpot aspect of anadromous juvenile salmonid
rearing habitat that has been overlooked in prevgiudies. The Yuba River Chinook salmon
fry adjacent velocity criteria show a lower suitdapifor an adjacent velocity of zero and a higher
adjacent velocity at which the suitability reacbeg. This indicates that the transport of
invertebrate drift from fast-water areas to adjasbow-water areas via turbulent mixing was
more important for Yuba River Chinook fry than a&cramento River Chinook fry.

6. Biological Verification

In general, our biological verification was unswgsfel. The low number of occupied fry and
juvenile spring/fall-run Chinook salmon and juvensteelhead/rainbow trout locations (33, 5
and 3 for, respectively, the above three spediesiages) resulted in a low power of the Mann-
Whitney U test for these species/life stages.himtegard, Thomas and Bovee (1993) found in
the analogous transferability test that the pov¢h® test was significantly reduced if the
number of occupied locations was less than 45.
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The performance of River2D in predicting the CSbo€upied locations is a combination of
errors due to: 1) the predictive accuracy of tl#Hand 2) the predictive accuracy of the
hydraulic modeling. Errors in the habitat predios for occupied locations for River2D can be
due to inadequate detail in mapping cover distrdoytinsufficient data collected to correctly
map the bed topography of the site, or effecthefted topography upstream of the study site
not being included in the model. To assess tlaivel magnitude of errors due to the predictive
accuracy of the HSC and the predictive accuradhi@hydraulic modeling, we calculated a
combined habitat suitability of occupied and ungued locations using the measured depth,
velocity, adjacent velocity and cover data, whiaghwill refer to as “measured combined habitat
suitability”. The measured combined habitat sulitghwvas significantly higher for occupied
versus unoccupied locations for spring/fall-runri@ak fry and juveniles and for
steelhead/rainbow trout fry, but there was no $icgmt difference between the measured
combined habitat suitability of occupied and ungued locations for steelhead/rainbow trout
juveniles (Table 31). We plotted the frequencyrihation of measured combined habitat
suitability for locations with and without springlfrun Chinook (Figure 53) and
steelhead/rainbow trout (Figure 54) fry to graplycidustrate the difference in measured
combined habitat suitability between occupied amocgupied locationsSince occupied
locations had a significantly greater measured ¢oetbhabitat suitability than unoccupied
locations for those life stages/species with laoggeupied sample sizes (spring/fall-run Chinook
and steelhead/rainbow trout fry), while there wasignificant difference (Results — Biological
Verification) between the combined habitat suitppredicted by the River2D model for these
life stages/races, we believe that the failuréhefliiological verification was primarily due to
errors in predictive accuracy of the hydraulic mModg While many of the occupied points were
located in areas with higher suitability than ungmed locations, some occupied points were
located where the suitability was poor or wheredheas dry land in the model. We attribute
these results primarily to a point density whichsweadequate to accurately characterize the bed
topography and the cover. Errors in bed topograpdre certainly the primary cause of modeled
dry land where it was actually wet. Errors in bepography likely resulted in modeled
unsuitable velocities in some of the locations ehjaveniles were observed. A very high
density of bed topography and cover points wolddlyi be needed to arrive at a better fit
between juvenile observations and habitat suitgbili

The biological verification results for Timbuctoteslhead/rainbow trout fry at 917 cfs
(Appendix M) illustrates another error of the hyalra model that contributed to the failure of
the biological verification. Specifically, 11 oot the 15 steelhead/rainbow trout fry occupied
locations where River2D predicted zero suitabivgre found in a side channel run habitat unit
that had entirely subsurface inflow at 917 cfs (@IF&g55). It is likely that River2D predicted too
low a flow in this habitat unit because of insutiat predicted subsurface flow. While River2D
can generate subsurface flow (as illustrated bytrezero velocities in this habitat unit shown
in Figure 55), the accuracy of River2D to simulstiésurface flow is likely low, since subsurface
flow is primarily included in the River2D model &midress wetting/drying during model runs.
The performance of River2D in this situation mighate been improved by trying a larger
groundwater transmissivity value. When data frbm habitat unit is excluded from the

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

93



Table 31. Results of Mann-Whitney tests using combined habitat suitability index (CSI)
calculated from measured depths, velocities, adjacent velocities and cover.

Mann-whitney U test

Species/Life Stage Median occupied CSI Median unoccupied CSI U statistic p-value
Chinook fry 0.199 (n = 33) 0.058 (n = 52) 398 0.000034
Steelhead/rainbow trout fry 0.135 (n=71) 0.034 (n =98) 1729 < 0.000001
Chinook juveniles 0.123 (n =5) 0.005 (n = 23) 15 0.0099
Steelhead/rainbow trout 0.007 (n=3) 0.024 (n = 80) 139 0.64
juveniles
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Figure 53. Combined habitat suitability calculated from measured depths, velocities,
adjacent velocities and cover for locations with (occupied) and without (unoccupied)
spring/fall-run Chinook fry.
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Figure 54. Combined habitat suitability calculated from measured depths, velocities,
adjacent velocities and cover for locations with (occupied) and without (unoccupied)
steelhead/rainbow trout fry.

biological verification test, there still is no si§cant difference between the steelhead/rainbow
trout fry combined habitat suitability predicted Rywer2D for occupied (median = 0.056, n =
54) and unoccupied (median = 0.048, n = 82) loaatiadHowever, the p-value from the Mann-
Whitney U test in this case (0.19) is much lowerthvhen data from the above habitat unit is
included in the analysis (p = 0.74), indicatingtttie hydraulic modeling error for this habitat
unit had a large effect on the failure of the bgibal validation for steelhead/rainbow trout fry.

The statistical tests used in this report for lyadal verification differ from those used in Guay
et al. (2000). In Guay et al. (2000), biologicatification was accomplished by testing for a
statistically significant positive relationship eten fish densities, calculated as the number of
fish per area of habitat with a given range of tatlsuitability (i.e. O to 0.1), and habitat qualit
indexes. We were unable to apply this approac¢higistudy because of the low number of fry
and juveniles and low area of habitat with highueal of habitat quality. As a result, the ratio of
fry and juvenile numbers to area of habitat foihingbitat quality values exhibits significant
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Figure 55. Detail of velocity simulation at a total river flow of 917 cfs for the portion of
the Timbuctoo site including the side-channel run habitat unit with 11 locations of
steelhead/rainbow trout fry that River2D predicted were dry. Note the non-zero
velocities in the side-channel run, indicating that River2D was generating subsurface
flow into the upstream end of the habitat unit.
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variation simply due to chance. Both the numbdryénd juveniles and amount of habitat at
high values of habitat quality is quite sensitiveglie method used to calculate combined
suitability. When combined suitability is calcuddtas the product of the individual suitabilities,
as is routinely done in instream flow studies, ¢heill be very low amounts of high habitat
quality values. For example, if depth, velocitgjaeent velocity and cover all have a high
suitability of 0.9, the combined suitability woubg only 0.66. In contrast, Guay et al. (2000)
calculated combined suitability as the geometriamef the individual suitabilities; for the
above example, the combined suitability calcul@ed geometric mean would be 0.9.

The plots of combined suitability of fry and juvkniocations in Appendix M are similar to the
methods used for biological verification in HardydaAddley (2001). In general, Hardy and
Addley (2001) report a much better agreement betviigeand juvenile locations and areas with
high suitability than what we found in this studyle attribute the differences between our study
and Hardy and Addley (2001) to the following twetfas: 1) Hardy and Addley (2001) present
results for an entire study site, while our resatts just for the portion of the site that we
sampled; and 2) Hardy and Addley (2001) calculatedbined suitability as the geometric mean
of the individual suitabilities, while we calculdteombined suitability as the product of the
individual suitabilities. The combination of thieave two factors results in the plots in Hardy
and Addley (2001) having large areas with zercasility (away from the channel margins) and
smaller areas of high suitabilities near the chemagins where fish were located. However,
Hardy and Addley (2001) did report lower qualitgnsilation results for juvenile steelhead, as a
result of insufficient bed topography detail, pautarly around boulder clusters.

7. Habitat Smulation

There was considerable inter-site variation inflb-habitat relationships (Appendix L). Sites
that did not include the entire river flow (Whirlploand Side-Channel) reached the maximum
amount of habitat for fall/spring-run Chinook salmfoy at or near the highest simulation flow
(4,500 cfs), while other sites which did include #ntire river flow (Sucker Glide) had the
maximum amount of habitat for fall/spring-run Chakosalmon fry at the lowest simulation flow
(150 cfs). We attribute the variation from sitestte to complex interactions of the combinations
of availability and suitability of depth, velocitgdjacent velocity and cover, as they vary with
flow. The overall flow-habitat relationships foaiah segment (Figures 25 — 32) capture the inter-
site variability in flow-habitat relationships byaighting the amount of habitat for each
mesohabitat unit in each site by the proportioraafh mesohabitat type present within each
segment.

An earlier study (Beak 1989) also modeled fall-€hinook salmon fry and juvenile rearing
habitat in the Yuba River. The results from owdsgtpredict substantially less habitat at low
flows and a peak amount of habitat at higher fltives) did Beak (1989) (Figures 56 — 59).
However, the difference between studies in the flath the peak amount of habitat varied by
reach. We attribute the differences between audysand Beak (1989) to the following: 1) the
Beak (1989) study used HSC generated only frondatse as opposed to the criteria generated
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Figure 56. Comparison of Chinook salmon fry flow-habitat relationship above Daguerra
Point Dam from this study and the Beak (1989) study. This study predicted less habitat
at low flows and the peak habitat at a higher flow than the Beak (1989) study.
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Figure 57. Comparison of Chinook salmon fry flow-habitat relationship below Daguerra
Point Dam from this study and the Beak (1989) study. This study predicted less habitat
at low flows and the peak habitat at a higher flow than the Beak (1989) study.

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

98



240000
200 000

160,000 4

£
<
= 120,000 -

80,000 4

\

40,000 4

e

i 500 1,000 1,500 2,000 2,500 3,000 3,500 4000 4500
Flow (cfs)

[— USFwS Study — Beak study |

Figure 58. Comparison of Chinook salmon juvenile flow-habitat relationship above
Daguerra Point Dam from this study and the Beak (1989) study. This study predicted
less habitat at all flows and the peak habitat at a higher flow than the Beak (1989)
Study_ 160,000 -

140000 4

120000 4

100,000 4

B0,000

WU A (%)

60,000 4

40,000 4

200001 /_/_/—i‘\__h%
0 T T T T T T T
0 500 1,000 1,500 2,000 2,500 3,000 3,800 4,000 4500

Flaw (cfs)

[— USFWS Stutly — Beak study |

Figure 59. Comparison of Chinook salmon juvenile flow-habitat relationship below
Daguerra Point Dam from this study and the Beak (1989) study. This study predicted
less habitat at all flows and the peak habitat at a higher flow than the Beak (1989)
study.
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with logistic regression in this study; 2) the B€aR89) study did not use cover or adjacent
velocity criteria; and 3) the use of PHABSIM in tBeak (1989) study, versus 2-D modeling in
this study. We believe that these differencedylikéased the flow-habitat results in the Beak
(1989) study towards lower flows, since the HSGQiggated only from use data and without
cover or adjacent velocity criteria, were biaseslaals slower and shallower conditions. In
contrast, our study reduces biases due to avaijasirid includes the important juvenile habitat
components of cover and adjacent velocity. Webalte the difference in magnitude of the
results from this study versus Beak (1989) prigddlthe use of adjacent velocity criteria in this
study. A fourth habitat suitability index paramesgll tend to result in overall lower amounts of
habitat, since the combined suitability index ikakated as the product of the individual
suitability indices. The effects of adjacent véipare most pronounced at low flows, where a
large proportion of the channel has low adjacefdorges, and thus low suitability for this
parameter. In conclusion, we feel that the resflthis study are a more accurate assessment of
the relationship between flow and anadromous salifoypand juvenile rearing habitat than the
results of Beak (1989).

A basic assumption of all instream flow studiethat a stream is in dynamic equilibrium. When
a channel is in dynamic equilibrium, there is apragimate balance between sediment supply
and transport, so that the channel pattern and-s®stional profile of the entire stream is
consistent (Bovee 1996). For a stream in dynaipidierium, it would be expected that large
flow events would not result in a significant chang flow-habitat relationships. Recent high
flows on the Yuba River (Figure 60) have resultedome channel changes (Pasternack 2007).
While we do not have direct evidence that the YRbeer is in dynamic equilibrium, our

findings on the American River that the January7188od did not result in a substantial change
in chinook salmon or steelhead spawning flow-habéktionships (US Fish and Wildlife
Service 2000) offer support that the results of #tudy are still applicable to the Yuba River.

The flow-habitat model developed in this studyredictive for flows ranging from 400 to 4,500
cfs above Daguerra Point Dam and from 150 to 4¢8®®elow Daguerra Point Dam. The
results of this study are intended to focus on rgameent actions with a temporal scale of one
month and do not include an analysis of habitainguypeak events (e.g., flows above 4,500 cfs).
In the Yuba River, these events are largely aasettiwith flood control releases from
Englebright Dam. However, it should be noted thatdata collected in this study could be used
to simulate rearing habitat up to 11,000 cfs alldaguerra Point Dam and 13,500 cfs below
Daguerra Point Dam. If there was sufficient ins¢ia simulating rearing habitat at flows
between 4,500 and 11,000 to 13,500 cfs, an additi@port could be prepared presenting such
results.

This study achieved the objective of predictinggbgl habitat in the Yuba River for spring/fall-
run Chinook salmon and steelhead/rainbow trouafry juvenile rearing over a range of stream
flows. The results of this study are intendedupp®rt or revise the flow recommendations in
the introduction. The results of this study, shaywarying relationships between flow and
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Figure 60. Yuba River flows below Daguerra Point Dam subsequent to the completion
of most of the data collection for this study. High flows in May 2005 and January and
April 2006 resulted in some channel changes in the Yuba River.

habitat, depending on species, life stage andmstssgment, may be consistent with the flow
recommendations in the introduction. The resulthie study can be used to evaluate 720
different hydrograph management scenarios (eatted30 simulation flows for each of the two
segment® in each of the 12 rearing months). For exaniplFeasing flows from 400 cfs to
1,300 cfs upstream of Daguerra Point Dam in Sepeemvbuld result in an increase of 59.4% of
habitat during this month for spring/fall-run Chatosalmon juvenile rearing in this segment.
Based on the conceptual model presented in thedunttion, this increase in rearing habitat
could increase juvenile survival which could resulan increase in spring/fall-run Chinook
salmon populations. The combination of the veloand adjacent velocity criteria generally
limit fry and juvenile habitat to a band along theannel margins. With increasing flows, this
band of habitat moves up the banks, resultingyiaifrd juvenile WUA not changing much with
flow (Figures 25 to 32), especially upstream of &ga Point Dam. The most significant
limitation of fry and juvenile habitat in the Yulsdver, particularly upstream of Daguerra Point
Dam, is the limited amount of available instreanodpcover (Figure 61). The greater increase
in Chinook salmon fry and juvenile WUA with flow dmstream of Daguerra Point Dam, versus
upstream of Daguerra Point Dam, can be attribudeddombination of: 1) the greater
abundance of instream woody cover downstream ofiBag Point Dam; 2) the generally greater

% Flows downstream of Daguerra Point Dam can to sextent be modified independent of
flows upstream of Daguerra Point Dam by changélseramount of flow diverted at Daguerra
Point Dam.
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Figure 61. Cover distribution data for wetted portion of Timbuctoo study site at 4,500
cfs.
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inundation of instream woody cover at higher floasd 3) the high suitability of instream
woody cover for fry and juvenile Chinook salmom. cbntrast, the lower abundance of instream
woody cover upstream of Daguerra Dam and highealsility of cobble cover for
steelhead/rainbow trout fry, versus Chinook salimpresults in the flow-habitat relationship
for steelhead/rainbow trout fry upstream of Daga€toint Dam having a maximum value at the
lowest simulated flow (Figure 27).

Evaluation of such alternative hydrograph managemsemarios should also consider the flow-
habitat relationships for Chinook salmon and stsiiirainbow trout spawning, reported
separately (U.S. Fish and Wildlife Service 2008y avater temperature modeling information.
Habitat is more likely to be limiting fall-run Chmilwk salmon populations, versus spring-run
Chinook salmon or steelhead/rainbow trout poputeti@ue to the substantially larger
population size of fall-run Chinook salmon. Thumsevaluating flow needs of anadromous fish
in the fall, increased flows above Daguerra Damld/dikely have beneficial effects on fall-run
Chinook salmon spawning, but likely would have deexse effect on steelhead/rainbow trout
fry rearing, since steelhead/rainbow trout fry diees are likely low enough to not be limited by
available habitat. In addition, the relativelyt flow-habitat relationships for fry and juvenile
rearing makes it likely that the main benefits kér@d flow regimes would be for spawning
habitat. We do not feel that there are any sigaift limitations of the model.

8. Factors Causing Uncertainty

Factors causing uncertainty in the flow-habitaatiehships include: 1) effects of high flows in
May 2005 and January and April 2006; 2) extrapotatrom the study sites to the entire Yuba
River; 3) transmission losses in the segment ugstref Daguerra Dam in the fall in dry years;
4) errors in velocity simulation; 5) errors in batetry data; 6) discretization size and density of
bed topography data; 7) errors in velocity measergmused to develop habitat suitability
criteria; 8) differences between sampled versusijadpn habitat suitability criteria data; and

9) potential biases in juvenile criteria due toveyrtechniques. Assuming dynamic equilibrium,
we hypothesize that the high flows in May 2005 daduary and April 2006 did not significantly
alter the flow-habitat relationships. The validitfythe assumption of dynamic equilibrium for
the Yuba River could be tested by comparing flowita relationships from Professor Greg
Pasternack’s topography data for the UC Sierrawitech was collected prior to the May 2005
high flows, between the May 2005 and January 2066 fiows and after the January 2006 high
flows (Pasternack 2007) — if the flow-habitat riglaships from these three datasets had a similar
shape, this would support the assumption that tii@a¥River is in dynamic equilibrium.

Based on the number of study sites and the pegenfanesohabitat area found in the study
sites, we believe that there is a low level of utatety associated with the extrapolation from the
study sites to the entire Yuba River. Except foolp in the Below Daguerra segment, at least 11
percent of the area of all mesohabitat types weatdéal within the study sites. Both data from
Professor Greg Pasternak and from this study stgytiest there may be transmission losses (on
the order of 10 percent) in the fall of dry yearshe segment upstream of Daguerra Dam. There
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are two potential consequences to the transmisssses for the segment upstream of Daguerra
Dam: 1) we may have underestimated the stages dtdttom of the sites for lower flows, which
would result in an overestimate of velocities; @additional releases are needed from
Englebright Dam in the fall of dry years to get #maount of habitat predicted in this report in the
segment upstream of Daguerra Dam.

We believe that over or under-predicted velociwesild have a minimal effect on the overall
flow-habitat relationships, given the high correlatbetween measured and predicted velocities.
Specifically, the effects of over-predicted vel@stwould be cancelled out by the effect of
under-predicted velocities. The overall flow-habitelationship is driven by the change in the
distribution of depths and velocities with flowhd distribution of velocities would not be
affected by over or under-predicted velocities bheeaover-predicted velocities would have the
opposite effect on the distribution of velocitiesumder-predicted velocities. Similarly, we
believe that errors in bed bathymetry data, whichl cause over-prediction or under-
prediction of depths, would have a minimal effecttioe overall flow-habitat relationships.
Specifically, the effects of over-predicted deptimild be cancelled out by the effect of under-
predicted depths. The overall flow-habitat relasioip is driven by the change in the distribution
of depths and velocities with flow. The distritmrtiof depths would not be affected by over or
under-predicted depths because over-predicted slegibld have the opposite effect on the
distribution of depths as under-predicted depths.

The effects of discretization size and densityexd bbpography data on the flow-habitat
relationships given in Appendix L are unknown bkély minor. The magnitude of these
effects could be investigated by comparing the flabitat relationships for the UC Sierra Site

in Appendix L with flow-habitat relationships theduld be generated by hydraulic modeling of
Professor Greg Pasternack’s bed topography data &yioint density of 0.64 pointsyrfor the
UC Sierra site collected prior to May 2005 (MoiddPasternack 2008).

We believe that errors in velocity measurements tis@levelop habitat suitability criteria would
likely be a minor source of uncertainty on the flbabitat relationships given in Appendix L.
Since errors in velocity measurement are randormahndiased, effects of positive errors in
velocity measurements would be cancelled out betfeet of negative errors in velocity
measurements. The overall velocity habitat sditgtmurve is driven by the distribution of
velocities. The distribution of velocities wouldtrbe affected by positive or negative errors in
velocity measurements because positive errorslotig measurements would have the opposite
effect on the distribution of velocities as negatarrors in velocity measurements.

In our opinion, the most likely source of uncertgim the flow-habitat relationships given in
Appendix L is the potential for difference betwesampled versus population habitat suitability
criteria data. Due to the smaller sample sizguweenile HSC data versus fry HSC data, there is
likely higher uncertainty in the flow-habitat ratatships for juveniles than for fry. The
uncertainty from this factor could be quantifiedébigootstrap analysis of the sampled HSC data
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to develop 95 percent confidence limit HSC, whiolld be applied to the hydraulic models of
the eighteen study sites to determine 95 percarfidence limits for the flow-habitat
relationships given in Appendix L.

If juveniles were detecting the snorkelers andifigdefore we could observe them to collect
HSC data, the HSC data could be biased towardsHehare more in the open, versus fish that
are closer to cover. In addition, the lower detectates that we had for SCUBA, versus
snorkeling, could be partially due it being easoerfish to evade SCUBA divers, versus
snorkelers. The likely effect of such biases wdaddo overestimate the habitat value of no
cover and underestimate the habitat value of dezpetitions. We are unable to quantify what
effect such biases would have on the resulting-faitat relationships, other than it would tend
to shift the peak of the curve to higher flows.
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APPENDIX A
HABITAT MAPPING DATA
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Habitat distribution identified in the Yuba River study reach
confluence with Feather River (RM 0) to Englebright Dam (RM 24.1)

Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (\n  River mile

1 Flatwater Pool 81,387 0-0.6
2 Flatwater Glide 15,377 0.6 -0.7
3 Flatwater Pool 17,042 0.7-0.8
4 Bar Complex Glide 12,045 0.8-0.9
5 Bar Complex Riffle 5,668 09-1.0
6 Bar Complex Pool 24,406 10-1.2
7 Bar Complex Glide 3,006 1.2

8 Bar Complex Pool 4,826 1.2-1.3
9 Bar Complex Run 3,045 1.3

10 Bar Complex Glide 8,216 13-14
11 Flatwater Pool 5,452 1.4

12 Flatwater Run 6,247 14-15
13 Bar Complex Riffle 1,567 1.5

14 Bar Complex Pool 14,953 15-1.7
15 Flatwater Pool 4,630 1.7-1.8
16 Bar Complex Glide 9,922 1.8-1.9
17 Flatwater Pool 28,276 19-22
18 Flatwater Glide 12,975 22-24
19 Flatwater Pool 37,124 24-28
20 Bar Complex Pool 8,123 2.8-29
21 Bar Complex Run 15,840 29-3.2
22 Flatwater Glide 21,473 2.3-34
23 Bar Complex Glide 39,403 3.4-3.9
24 Bar Complex Run 27,556 3.9-42
25 Bar Complex Riffle 5,870 42 -4.3
26 Bar Complex Run 7,339 43-44
27 Side Channel Glide 629 4.3
28 Side Channel Run 656 4.3
29 Side Channel Pool 762 4.3
30 Side Channel Run 1,377 43-4.4
31 Side Channel Pool 602 4.4
32 Side Channel Run 757 4.4
33 Bar Complex Glide 12,798 4.4-45
34 Bar Complex Pool 4,485 4.5
35 Bar Complex Run 16,673 45-438
36 Bar Complex Riffle 5,268 48-49
37 Bar Complex Run 20,091 44-48
38 Bar Complex Pool 1,887 4.5
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Mesohabitat Unit #

Mesohabitat Type

Mesohabitat Unit Area ((\n  River mile

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

Bar Complex Riffle
Bar Complex Pool
Side Channel Run
Bar Complex Glide
Side Channel Glide
Side Channel Run
Side Channel Riffle
Bar Complex Pool
Bar Complex Run
Bar Complex Run
Bar Complex Glide
Bar Complex Run
Bar Complex Glide
Bar Complex Pool
Bar Complex Run
Bar Complex Glide
Bar Complex Pool
Bar Complex Run
Bar Complex Glide
Bar Complex Run
Bar Complex Riffle
Bar Complex Glide
Bar Complex Pool
Bar Complex Run
Bar Complex Riffle
Bar Complex Glide
Bar Complex Pool
Bar Complex Riffle
Bar Complex Run
Bar Complex Glide
Bar Complex Run
Bar Complex Riffle
Bar Complex Run
Bar Complex Riffle
Bar Complex Run
Bar Complex Glide
Bar Complex Run
Bar Complex Riffle
Flatwater Glide
Bar Complex Run
Bar Complex Glide

2,419
12,442
6,224
3,760
1,470
2,287
1,505
2,229
11,627
8,367
58,233
15,880
39,195
6,767
24,596
5,172
5,797
16,627
9,269
13,917
15,888
21,700
3,606
9,583
7,351
17,185
12,449
8,967
2,810
34,402
7,176
9,408
17,022
5,172
9,365
22,516
7,393
2,082
23,586
39,515
23,351

4.8
49-5.0
5.0-51

5.0

5.1
5.1-52

5.2

5.0
5.0-5.2
5.0-51
5.1-56
5.6 -5.7
5.7-6.1
6.1-6.2
6.2-6.4

6.4
6.4-6.5
6.5-6.7
6.7-6.8
6.8-7.0

7.0
7.0-7.3

7.3
7.3-75
17.4-75
7.5-7.6
76-7.8
7.7-7.9
7.8-7.9
7.8-8.1
8.1-8.3
8.2-8.3
8.3-8.4
8.4-85
8.5-8.7
8.5-8.8
8.8-8.9

8.9
89-91
9.1-9.6
9.6 -9.7
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Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area ((\n  River mile
80 Bar Complex Run 18,815 9.7-99
81 Bar Complex Riffle 13,877 9.8 -10.0
82 Bar Complex Glide 41,556 9.9-104
83 Bar Complex Run 47,567 10.4-10.9
84 Bar Complex Riffle 8,419 10.8-10.9
85 Bar Complex Run 22,512 10.9-11.2
86 Bar Complex Riffle 2,649 11.1-11.2
87 Bar Complex Run 5,552 11.2
88 Bar Complex Pool 8,067 11.2-11.3
89 Bar Complex Run 10,393 11.3-114
90 Bar Complex Pool 10,417 11.4

Daguerra Point Dam (RM 11.4)
91 Bar Complex Run 24,440 11.4-11.6
92 Flatwater Glide 18,639 11.6-11.7
93 Bar Complex Run 20,203 11.7-11.9
94 Bar Complex Riffle 13,865 11.8-12.0
95 Side Channel Pool 15,861 11.4-11.7
96 Side Channel Run 257 11.7
97 Side Channel Pool 33 11.7
98 Side Channel Run 79 11.7
99 Side Channel Riffle 110 11.7
100 Side Channel Pool 4,483 11.7-11.9
101 Side Channel Run 460 11.9
102 Side Channel Pool 468 11.9-12.0
103 Side Channel Glide 101 12.0
104 Side Channel Run 143 12.0
105 Bar Complex Glide 7,326 11.9-12.0
106 Bar Complex Run 38,642 12.0-12.4
108 Bar Complex Run 9,426 12.2-12.3
109 Bar Complex Glide 3,132 12.1-12.2
110 Bar Complex Riffle 3,412 12.1
111 Bar Complex Glide 22,825 12.3-12.6
112 Bar Complex Run 206,390 12.6 -14.5
113 Bar Complex Riffle 6,837 13.6 - 13.7
114 Bar Complex Riffle 3,379 14.3
115 Bar Complex Riffle 9,548 145-14.6
116 Bar Complex Glide 17,035 14.6 - 14.7
117 Bar Complex Run 72,461 14.7 -15.5
118 Side Channel Run 17,990 15.4-15.8
119 Bar Complex Glide 21,037 15.5-15.8
120 Bar Complex Run 18,275 15.8-16.0
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Mesohabitat Unit #

Mesohabitat Type

Mesohabitat Unit Area ((\n  River mile

107
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160

Side Channel Glide
Side Channel Run
Side Channel Pool
Side Channel Riffle
Bar Complex Riffle
Bar Complex Glide
Bar Complex Pool
Bar Complex Run
Side Channel Run
Side Channel Riffle
Bar Complex Glide
Bar Complex Pool
Bar Complex Glide
Side Channel Run
Side Channel Pool
Bar Complex Run
Bar Complex Pool
Side Channel Run
Bar Complex Riffle
Bar Complex Riffle
Bar Complex Pool
Side Channel Run
Side Channel Riffle
Bar Complex Glide
Bar Complex Pool
Side Channel Pool
Side Channel Run
Side Channel Pool
Side Channel Run
Side Channel Riffle
Bar Complex Run
Bar Complex Riffle
Bar Complex Run
Bar Complex Riffle
Side Channel Pool
Side Channel Run
Side Channel Riffle
Side Channel Riffle
Side Channel Run
Side Channel Riffle
Side Channel Run

5,035
2,977
651
920
4,650
19,566
12,619
17,792
6,742
2,883
12,688
14,172
6,834
759
768
89,953
1,389
491
1,942
3,393
2,380
3,347
2,098
8,384
6,280
2,642
994
1,045
1,013
2,108
23,517
3,136
24,113
3,240
1,580
886
870
526
2,180
515
329

15.9-16.1
15.9
15.8-15.9
15.7
16.0-1.61
16.1 -16.2
16.2 -16.3
16.3 -16.6
16.3-16.5
16.5-16.6
16.6 — 16.7
16.7 - 16.8
16.8 -16.9
16.8 -16.9
16.9
16.9 -18.2
17.2-17.3
17.3
17.3
18.0-18.1
18.2
18.1
18.2
18.2-18.3
18.3-18.4
18.4
18.4-18.5
18.5
18.5
18.5
18.4-18.4
18.7
18.7-19.0
18.9-19.0
18.9-19.0
18.9
18.9
19.0
18.9-19.0
18.9
18.8
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Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area ((\n  River mile
161 Side Channel Pool 504 18.8
162 Side Channel Run 3,706 18.7-18.8
163 Side Channel Glide 386 18.7
164 Bar Complex Riffle 1,567 19.0
165 Bar Complex Glide 6,726 19.0
166 Bar Complex Pool 15,645 19.0-19.2
167 Bar Complex Riffle 6,713 19.1-19.2
168 Bar Complex Glide 38,122 19.2-19.5
169 Side Channel Pool 375 19.3
170 Side Channel Run 1,046 19.3
171 Side Channel Pool 1,021 19.2
172 Bar Complex Pool 17,117 19.4-19.6
173 Bar Complex Run 9,501 19.6 —19.7
174 Bar Complex Pool 3,797 19.7-19.8
175 Bar Complex Run 22,427 19.7-20.1
176 Side Channel Riffle 79 20.0
177 Bar Complex Riffle 2,200 20.1
178 Bar Complex Glide 29,780 20.1-20.3
179 Side Channel Pool 2,110 20.0-20.1
180 Side Channel Run 2,045 20.1 - 20.2
181 Side Channel Riffle 670 20.1
182 Side Channel Riffle 158 20.2
183 Bar Complex Pool 24,010 20.3-20.6
184 Bar Complex Run 2,766 20.6
185 Bar Complex Pool 5,907 20.6 — 20.7
186 Bar Complex Run 5,386 20.7 - 20.8
187 Bar Complex Pool 5,896 20.8 - 20.9
188 Bar Complex Run 20,419 20.9-21.2
189 Bar Complex Riffle 1,234 21.1-21.2
190 Side Channel Pool 602 21.1-21.2
191 Side Channel Riffle 72 21.2
192 Bar Complex Pool 4,575 21.2-21.3
193 Bar Complex Run 4,025 21.3
194 Bar Complex Riffle 2,640 21.3-214
195 Bar Complex Run 7,928 21.4
196 Bar Complex Pool 11,200 21.4-21.6
197 Bar Complex Riffle 1,165 21.5-21.6
198 Bar Complex Run 14,130 21.5-21.7
199 Bar Complex Pool 6,691 21.7-21.8
200 Bar Complex Riffle 4,547 21.8
201 Bar Complex Pool 27,881 21.8-22.1
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Mesohabitat Unit #

Mesohabitat Type

Mesohabitat Unit Area ((\n  River mile

202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

Flatwater Pool
Flatwater Run
Cascade
Flatwater Run

Side Channel Run
Side Channel Pool

Flatwater Pool
Flatwater Riffle
Flatwater Pool
Flatwater Pool
Flatwater Run
Flatwater Riffle
Flatwater Pool
Flatwater Run
Flatwater Pool
Flatwater Run
Flatwater Pool
Flatwater Run
Flatwater Pool

35,283
10,313
1,129
10,425
1,341
2,209
4,918
365
3,062
354
4,459
1,251
5,195
4,774
14,924
8,283
9,958
10,738
5,050

22.1-224
22.4-22.6
22.6 -22.7
22.7-23.0
22.9
22.9-23.0
23.0
23.0
23.0-23.1
23.1
23.1-23.2
23.2
23.2
23.3
23.3-235
23.5-23.7
23.7-23.8
23.8-24.0
24.0-24.1

Shapefiles for the above mesohabitat units ardadlaiin electronic format upon request from:

Mark Gard, Senior Biologist

Energy Planning and Instream Flow Branch

U.S. Fish and Wildlife Service
Sacramento Fish and Wildlife Office
2800 Cottage Way, Room W-2605
Sacramento, CA 95825

Mark_Gard@fws.gov
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APPENDIX B
STUDY SITE AND TRANSECT LOCATIONS
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ROSEBAR STUDY SITE
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DIVERSION STUDY SITE
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LOWER HALLWOOD STUDY SITE
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WHIRLPOOL STUDY SITE
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SIDE-CHANNEL STUDY SITE
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SUCKER GLIDE STUDY SITE
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APPENDIX C
BED TOPOGRAPHY POINT LOCATIONS
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NARROWSSTUDY SITE
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ROSEBAR STUDY SITE
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DIVERSION STUDY SITE
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LOWER HALLWOOD STUDY SITE
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WHIRLPOOL STUDY SITE
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SIDE-CHANNEL STUDY SITE
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SUCKER GLIDE STUDY SITE
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RAILROAD STUDY SITE

=] o o q:tb
) e o,
= o
& o 2 o
%% fu]
o \:%3 0
o
a
. L = » . o
o, N o q‘%
(=] u]
] u]
=]
o o =
=
o %, b
o “a h,
o (=]
I ':h:! [n] o
o
LS “
o o, o o =
% lﬂ"-'-'" 0% o o
o 2, = = o
D'En %Eb Q o - -:- %
(n] o
o o o oo
™ =} = u] =
o =
o "y I:%qhﬂ o o % ':Eh%
[u}
q:b-:.;, " = o
o ":'D o i) m
o . o o =
] o -:-
=1 = -
[n} =]
[u}
[=] % fu}
DD o
o o
] D.:. Dam
o
1] l:'q:tb
u] 1]
o Ze

USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

135

[u]
[u]
= [u]
o,
oy o



APPENDIX D
RHABSIM WSEL CALIBRATION
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Stage of Zero Flow Values

Study Site XS#1SZF XS#2SZF
Narrows 91.0 91.0
Rose Bar 87.2 93.9
Diversion 89.5 91.0

Lower Hallwood 92.2 95.1
Side Channel 92.3 93.2
Whirlpool 92.4 95.5
Sucker Glide 85.7 88.1
Railroad 90.7 90.7
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Cdlibration Methods and Parameters Used

Study Site XS# Flow Range Calibration Flows (cfs) Method Parameters
(cfs)
Narrows 1,2 400-4,500 734, 1,890, 1,942, 2,908 IFG4 ---
Rosebar 1,2 400-4,500 734, 1,493, 1,942, 2,908 IFG4 ---
Diversion 1,2 400-4,500 862, 1,493, 2,036, 2,908 IFG4 ---
i [ =0.165 CALQ=
Lower Hallwood 1 150-1,900 516, 970, 1,930 MANSQ 1,930 cfs
Lower Hallwood 1 2,000-4,500 970, 1,930, 3,270 IFG4 ---
Whirlpool 1,2 150-4,500 516, 970, 1,220, 1,930, IFG4 ---
3,270
Side-Channel 1,2 800-4,500 3,270 River2D K=08
Sucker Glide 1 150-4,500 516, 970, 1,920, 3,270 IFG4 ---
Sucker Glide 2 150-4,500 516, 970, 1,920, 3,270 MANSQ b =0.380, CALQ=
516 cfs
. Multiple A =-0.896,B =
Railroad 1 150-4,500 516, 962, 1,920, 3,270 Regression 0.334, C = 0.152
. Multiple A=-089%,B=
Railroad 2 150-4,500 516, 962, 1,920, 3,270 Regression 0.329, C = 0.152
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BETA %MEAN
XS COEFF. ERROR
1 2.79 29
2 2.19 11
BETA %MEAN
XS COEFF. ERROR
1 2.45 24
2 2.40 25
BETA %MEAN
XS COEFF. ERROR
1 3.95 9.5
2 2.74 7.1
BETA %MEAN
XS COEFF. ERROR
1 --- 10.0
BETA %MEAN
XS COEFF. ERROR
1 2.07 13

Narrows Study Site

Calculated vs Given Discharge (%)

734 1,890 1,942 2,908

1.38 0.72 4.98 456

0.13 2.18 2.06 0.05
Rosebar Study Site

Calculated vs Given Discharge (%)

734 1,493 1,942 2,908
2.25 5.00 1.09 1.50
2.67 5.36 0.39 211

Diversion Study Site

Calculated vs Given Discharge (%)

862 1,492 2,036 2,908
10.8 14.2 6.0 74
9.0 14.3 1.0 4.8

Lower Hallwood Study Site

Calculated vs Given Discharge (%)

516 970 1,930
18.0 12.0 0.0

Calculated vs Given Discharge (%)

970 1,930 3,270
0.9 2.0 1.0
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Difference (measured vs. pred. WSELS)

734 1,890 1,942 2,908
0.01 0.01 0.10 0.03
0.00 0.06 0.06 0.00

Difference (measured vs. pred. WSELS)

734 1,493 1,942 2,908
0.03 0.09 0.02 0.04
0.03 0.07 0.01 0.04

Difference (measured vs. pred. WSELS)

862 1,492 2,036 2,908
0.07 0.09 0.04 0.07
0.05 0.09 0.01 0.05

Difference (measured vs. pred. WSELS)

516 970 1,930
0.10 0.10 0.00

Difference (measured vs. pred. WSELS)

970 1,930 3,270
0.01 0.03 0.02



Whirlpool Study Site

BETA %MEAN
XS COEFF. ERROR 516 970 1220 1930 3,270
1 3.68 35 1.6 0.3 6.7 74 16
2 2.90 2.0 17 33 15 1.7 17
Sucker Glide Study Site
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 516 970 1,920 3,270
1 2.64 0.6 0.7 0.9 0.2 05
2 23 0.0 4.1 31 18
Railroad Study Site
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 516 970 1,920 3,270
1 — — — — — —
2 - — — — - -

Calculated vs Given Discharge (%)
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Difference (measured vs. pred. WSELS)

516 970 1220 1930 3,270
0.01 0.00 0.06 0.07 0.02
0.01 0.02 0.01 0.10 0.02

Difference (measured vs. pred. WSELS)

516 970 1,920 3,270
0.01 0.02 0.01 0.01
0.00 0.08 0.07 0.05

Difference (measured vs. pred. WSELS)

516 970 1,920 3,270
0.01 0.11 0.10 0.08
0.00 0.08 0.11 0.06



APPENDIX E
VELOCITY ADJUSTMENT FACTORS
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Narrows Study Site

Velocity Adjustment Factors

Discharge Xsec 1 Xsec 2
400 0.37 0.28 Narrows
600 0.52 0.40 -
800 0.66 0.52 %
ﬂ -
1,000 0.80 0.64 pe 240
1,200 0.93 0.75 % 2n0-
1,400 1.05 0.86 .
1,600 1.17 0.96 =
1,800 1.28 1.06 3 100
2,000 1.39 1.17 T 0s0-
2,300 1.55 1.31 T ..
2,500 1.65 1.41 . o0 2om som aom
2,900 1.85 1.60 )
3,300 2.03 1.78 Discharge {cfs)
3,700 221 1.96 xSl —mxs?
4,100 2.38 2.13
4,500 2.54 2.30

Rosebar Study Site

Velocity Adjustment Factors

Discharge Xsec 1 Xsec 2 Rosebar
400 0.86 0.66
600 0.90 0.75 140
800 0.93 0.81 a0
1,000 0.96 0.86 s
1,200 0.99 0.90 8 100
1,400 1.01 0.94 Z os0
1,600 1.03 0.97 £
1,800 1.05 1.00 2. 060
2,000 1.07 1.02 2 oo
2,300 1.10 1.05 S
2,500 1.11 1.07 2 020
2,900 1.14 1.10 0.00 | | | |
3,300 1.17 1.13 0 1000 2000 3000 4000
3,700 1.20 1.16 Discharge (cfs)
4,100 1.22 1.18
4,500 1.24 1.20
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Diversion Study Site

Discharge
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,300
2,500
2,900
3,300
3,700
4,100
4,500

Discharge
150
300
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,300
2,700
3,300
4,100
4,500

Velocity Adjustment Factors

Xsec 1
0.41
0.51
0.59
0.68
0.75
0.82
0.89
0.95
1.01
1.10
1.16
1.27
1.37
1.47
1.57
1.66

Velocity Adjustment Factors
Xsec 1

0.65
0.72
0.76
0.81
0.84
0.87
0.90
0.92
0.94
0.96
0.95
0.95
0.95
0.96
0.97
0.98

Xsec 2
0.69
0.75
0.80
0.84
0.88
0.92
0.95
0.98
1.00
1.04
1.06
1.11
1.15
1.18
1.22
1.25

1.80

Diversion

1.60 4

1.490 4

1.20 1

1.00 4

0.20 4

0.60

0.0

Velocity Adjustment Factor

0.20 4

0.00

1000 2000 jcinng] 000
Discharge (cfs)

——Nsl . xs?

Lower Hallwood Study Site

Lower Hallwood

1.80

1.60

1.40

1.20 1

1.00 1

0.20 4

0.60 1

0.490 1

Velocity Adjustment Factor

0.20 4

0.00
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Discharge (cfs)
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Whirlpool Study Site

Velocity Adjustment Factors Wh II'||JD ol
Discharge Xsec 1 Xsec 2
300 1.19 1.02 4
400 1.35 1.15 s 251
600 1.60 1.37 N
800 1.81 1.54 e
1,000 1.99 1.69 T 251
1,200 2.14 1.83 i
1,400 2.28 1.95 £
1,600 2.40 2.06 3 "]
1,800 2.52 2.16 T 1
2,000 2.63 2.26 K .
2,300 2.78 2.39 :
2,700 2.96 2.55 o : : : :
3,300 3.20 2.77 o 1000 2000 3000 a0
4,100 3.49 3.03 Discharge {cfs)
4,500 3.62 3.15 [——xs1 = xs2|
Sucker Glide Study Site
Velocity Adjustment Factors Sucker Glide
Discharge Xsec 1 Xsec 2
150 0.4 0.34 1.60
300 0.63 0.45 -
400 0.67 0.51 5
600 0.75 0.60 E 1.20
800 0.80 0.68 R
1,000 0.85 0.74 -
E 0.e0

1,200 0.89 0.80 @
1,400 0.93 0.85 2 om0 -
1,600 0.96 0.90 2l
1,800 0.99 0.94 s
2,000 1.02 0.99 > 020 4
2,300 1.06 1.04 0.00 : . . ;
2,700 111 1.11 0 1000 2000 3000 4000
3,300 1.18 1.21 Discharge (cfs)
4,100 1.25 1.32 —+—xs1 —=—xs2
4,500 1.28 1.37
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Discharge
150
300
400
600
800

1,000
1,200
1,400
1,600
1,800
2,000
2,300
2,700
3,300
4,100
4,500

Velocity Adjustment Factors

Xsec 1
0.18
0.28
0.32
0.40
0.47
0.53
0.58
0.63
0.68
0.74
0.78
0.87
0.95
1.10
1.28
1.13

Railroad Study Site

Xsec 2
0.14
0.25
0.31
0.42
0.52
0.61
0.69
0.77
0.85
0.94
1.01
1.14
1.28
1.50
1.79
1.68

Velocity Adjustm ent Factor

200

1.80 4
1.60 4
1.40 4
1.20 1
1.00 4
080 4
060 -
0.40 4
0.20 4

noo

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Yuba River Rearing Draft Report

August 12, 2008

145

Railroad

1000

2000 3000
Discharge (cfs)

—+— X5 —m— x52

4000




APPENDIX F
BED TOPOGRAPHY OF STUDY SITES
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NARROWSSTUDY SITE

Bed Elevation
7971
73.07
i 42
59,78
83.14
46 .50
30 .26
1312
26 .57
1002

13.28

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed
elevation in the site.
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ROSEBAR STUDY SITE

Bed Elevation
46.75

4441

42.08
39.74
S
.02
274
30.40
.07
2573
2240

Units of Bed Elevation arein meters, in 10 equal increments from the lowest to the highest bed
elevation in the site.
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DIVERSION STUDY SITE

Bed Elevation

2
3159
316
3064

011 _ '/

2953

2905
2852
2600
2747

26.94

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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LOWER HALLWOOD STUDY SITE

Bed Elevation

I3
36.03
3470

3338

32106
3073
28941
2808
2676

2342

2411

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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WHIRLPOOL STUDY SITE

Bed Elevation
477

34.00
3324
3247
370
30.94

3017

2940
2863
2rar

2710

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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SIDE-CHANNEL STUDY SITE

Bed Elevation
2231
232
21.24
075
30 36

I7
2029
3.80
wmn
i
724

Units of Bed Elevation arein meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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SUCKER GLIDE STUDY SITE

Bed Elevation
35.30
34,22
3314
3207
30,99
23.91
26.83
2775
26 5B
25 60

24.52

Units of Bed Elevation are in meters, in 10 equal increments from the lowest to the highest bed elevation in the site.
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RAILROAD STUDY SITE

Bed Elevation
3477
3400

3524
3247
.70
3094
07
29.40
2563
2rar

270

Units of Bed Elevation arein meters, in 10 equal increments from the lowest to the highest bed
elevation in the site.
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APPENDIX G
2-D WSEL CALIBRATION

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report
August 12, 2008

155



Cdlibration Statistics

Site Name Cal Q (cfs) 9% Nodes within0.1' Nodes QI  NetQ SolA Max F
Narrows 4,500 72% 44131 030 1.26% .000008 10.16
Rosebar 4,500 84% 31,461 030 0.15% .000002 6.00
Diversion 2,908 92% 7,221 031 0.07% .000008 0.83

Lower Hallwood 4,500 91% 18,581 030 0.43% .000006 1.51
Whirlpool 4,500 95% 8,231 0.30 0.46% .000006 1.23
Side-Channel 3,270 94% 7,243 0.30 0.05% <.000001 1.27
Sucker Glide 3,270 88% 13,303 031 0.16% .000007 0.43
Railroad 4,500 87% 17,265 032 151% .000004 0.64
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XSEC

2LB
2RB

XSEC

XSEC

2LB
2RB

Narrows Site

Difference (measured vs. pred. WSELSs, feet)

Br Multiplier Average Standard Deviation M aximum
1.0 0.07 0.11 0.29
1.0 0.06 0.01 0.07
1.0 0.01 0.06 0.09
Rosebar Site
Difference (measured vs. pred. WSELSs, feet)
Br Multiplier Average Standard Deviation M aximum
0.75 0.01 0.06 0.09
Diversion Site
Difference (measured vs. pred. WSELSs, feet)
Br Multiplier Average Standard Deviation M aximum
0.3 0.03 0.03 0.07
0.3 0.02 0.02 0.07
0.3 0.06 0.01 0.09
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XSEC

2LB
2RB

XSEC

XSEC

Lower Hallwood Site

Difference (measured vs. pred. WSELSs, feet)

Br Multiplier Average Standard Deviation M aximum
0.55 0.03 0.05 0.12
0.55 0.03 0.04 0.07
0.55 0.05 0.01 0.05

Whirlpool Site
Difference (measured vs. pred. WSELSs, feet)
Br Multiplier Average Standard Deviation M aximum
0.7 0.04 0.02 0.07
Side-channel Site
Difference (measured vs. pred. WSELSs, feet)
Br Multiplier Average Standard Deviation M aximum
3.0 0.04 0.02 0.09
3.0 0.05 0.02 0.07
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Sucker Glide Site

Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average Standard Deviation Maximum
2 0.3 0.03 0.005 0.04
2LB 0.3 0.03 0.003 0.04
2 RB 0.3 0.02 0.006 0.03

Railroad Site
Difference (measured vs. pred. WSELS, feet)

XSEC Br Multiplier Average  Standard Deviation Maximum

2 1.0 0.05 0.02 0.09
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APPENDIX H
VELOCITY VALIDATION STATISTICS

SiteName Number of Correlation Between Measured and
Observations Simulated Velocities

Narrows 2,464 0.42
Rosebar 383 0.73
Diversion 92 0.62
Lower Hallwood 209 0.72
Whirlpool 126 0.76
Side-Channel 92 0.64
Sucker Glide 340 0.47
Railroad 234 0.45

Measured Ve ocities less than 3 ft/s

Difference (measured vs. pred. velocities, ft/s)

Site Name Number of Average Standard Deviation ~ Maximum
Observations

Narrows 2,418 0.45 113 21.93
Rosebar 174 1.29 124 5.33
Diversion 59 0.75 0.68 2.82
Lower Hallwood 188 0.56 0.49 2.45
Whirlpool 114 0.54 0.47 1.96
Side-Channel 85 0.53 0.36 2.04
Sucker Glide 285 0.67 0.52 2.31
Railroad 205 0.75 0.57 2.14

All differences were calculated as the absolute value of the difference between the measured and
simulated velocity.
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Measured Velocities greater than 3 ft/s

Percent difference (measured vs. pred. velocities)

SiteName Number of Average Standard Deviation ~ Maximum
Observations

Narrows 46 36% 69% 481%
Rosebar 209 22% 20% 122%
Diversion 33 18% 19% 63%
Lower Hallwood 21 8% 6% 24%
Whirlpool 12 16% 10% 40%
Side-Channel 7 30% 9% 47%
Sucker Glide 55 45% 17% 74%
Railroad 29 49% 18% 80%

All differences were calculated as the absolute value of the difference between the measured and

simulated velocity.
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SIMULATION STATISTICS
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Narrows Site

Flow (cfs) Net Q Sol A Max F
400 0.003% .000003 1.03
500 0.01% .000001 1.72
600 0.01% < .000001 0.86
700 0.91% .000003 2.08
800 8.70% .000003 1.32
900 11.50% .000002 5.61

1,000 0.04% .000005 22.85
1,100 1.64% .000001 1.72
1,200 0.85% .000007 231
1,300 0.60% < .000001 2.49
1,400 3.73% .000009 1.57
1,500 1.77% .000006 1.51
1,600 0.04% < .000001 1.43
1,700 8.87% .000001 5.33
1,800 9.08% .000009 9.13
1,900 8.92% .000003 9.86
2,000 7.19% .000009 15.59
2,100 5.95% .000002 4.64
2,300 4.41% .000001 3.75
2,500 4.05% .000008 3.02
2,700 0.34% .000001 18.85
2,900 0.004% .000001 6.66
3,100 0.25% .000001 15.59
3,300 0.27% .000001 3.99
3,500 0.04% .000002 424
3,700 0.07% .000002 7.73
3,900 0.13% .000001 6.93
4,100 0.20% .000002 5.54
4,300 0.24% .000002 8.65
4,500 1.26% .000008 10.16
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Rosebar Site

Flow (cfs) Net Q Sol A Max F
400 0.53% .000004 1.53
500 0.35% <.000001 1.65
600 0.29% <.000001 2.87
700 0.25% <.000001 3.96
800 0.18% .000006 2.52
900 0.20% <.000001 2.24

1,000 0.14% .000002 2.06
1,100 0.16% <.000001 1.96
1,200 0.12% <.000001 5.16
1,300 0.11% .000001 6.15
1,400 0.13% .000001 3.71
1,500 0.09% <.000001 6.74
1,600 0.09% <.000001 7.66
1,700 0.08% .000001 6.95
1,800 0.08% <.000001 573
1,900 0.09% .000001 531
2,000 0.07% .000001 5.86
2,100 0.05% .000001 4.74
2,300 0.05% .000001 3.31
2,500 0.04% .000001 251
2,700 0.09% <.000001 2.59
2,900 0.12% .000001 2.20
3,100 0.15% .000002 2.09
3,300 0.15% .000001 9.25
3,500 0.16% <.000001 9.50
3,700 0.16% .000001 4.23
3,900 0.18% <.000001 441
4,100 0.11% <.000001 3.80
4,300 0.15% .000003 9.52
4,500 0.15% .000002 6.00
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Diversion Site

Flow (cfs) Net Q Sol A Max F
400 0.51% .000006 0.79
500 0.38% .000005 0.84
600 0.30% .000003 0.80
700 0.24% .000004 0.93
800 0.20% .000004 1.09
900 0.17% .000009 1.07

1,000 0% .000003 1.01
1,100 0% .000001 1.36
1,200 0% .000003 1.26
1,300 0.11% .000008 1.18
1,400 0.10% .000007 1.12
1,500 0% .000003 1.07
1,600 0% .000005 1.04
1,700 0% .000006 1.01
1,800 0.07% .000005 0.99
1,900 0.06% .000003 0.96
2,000 0.06% .000005 0.95
2,100 0.06% .000003 0.93
2,300 0.10% .000008 0.90
2,500 0.04% .000004 0.86
2,700 0.08% .000009 0.84
2,900 0.07% .000004 0.83
3,100 0.10% .000006 0.82
3,300 0.06% .000005 0.81
3,500 0% .000004 0.81
3,700 0.05% .000004 0.80
3,900 0.10% .000007 0.79
4,100 0.07% .000001 0.79
4,300 0.11% .000008 0.79
4,500 0.06% .000003 1.50
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USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch

Lower Hallwood Site

Flow (cfs) Net Q Sol A Max F
150 1.94% .000008 0.86
250 0.78% .000009 0.97
300 0.53% .000003 0.94
350 0.50% .000009 0.90
400 0.49% .000003 0.91
500 0.31% .000003 0.88
600 0.21% .000004 0.90
700 0.16% .000001 1.55
800 0.06% .000001 1.55
900 0.05% .000001 2.62

1,000 0.05% .000001 2.28
1,100 0.05% .000001 2.54
1,200 0.13% .000001 4.30
1,300 0.10% .000003 2.62
1,400 0.06% .000002 3.91
1,500 0.07% .000004 3.33
1,600 0.07% .000001 2.85
1,700 0.07% .000001 2.35
1,800 0.06% .000001 2.10
1,900 0.07% .000001 1.66
2,000 0.08% .000001 1.43
2,100 0.11% .000001 1.54
2,300 0.10% .000006 1.84
2,500 0.12% .000002 1.27
2,700 0.14% .000001 1.99
2,900 0.21% .000008 141
3,300 0.18% .000005 1.22
3,700 0.14% .000005 1.43
4,100 0.13% .000005 1.44
4,500 0.18% .000006 151
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Whirlpool Site

Flow (cfs) Net Q Sol A Max F
150 -- -- --
250 -- -- --
300 0.04% 000001 0.44
350 0.05% .000005 1.07
400 0.04% .000008 0.83
500 0.04% .000005 1.02
600 0.04% .000004 0.96
700 0.01% .000009 0.92
800 0.01% .000005 0.92
900 0.01% .000003 0.93

1,000 0.01% .000003 1.02
1,100 0.02% .000001 0.94
1,200 0.02% 000008 0.90
1,300 0.02% .000005 0.89
1,400 0.06% .000006 0.93
1,500 0.092% .000004 0.91
1,600 0.11% .000005 1.03
1,700 0.12% .000003 0.99
1,800 0.08% .000002 1.35
1,900 0.07% <.000001 2.57
2,000 0.05% <.000001 2.64
2,100 0.05% .000003 2.33
2,300 0.03% .000007 1.65
2,500 0.03% .000002 1.35
2,700 0.04% .000001 1.16
2,900 0.03% .000002 1.02
3,300 0.03% .000003 0.99
3,700 0.03% .000001 1.04
4,100 0.02% <.000001 1.63
4,500 0.46% .000006 1.23
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Side-Channel Site

Flow (cfs) Net Q Sol A Max F
150 -- -- --
250 -- -- --
300 -- -- --
350 -- -- --
400 -- -- --
500 -- -- --
600 -- -- --
700 -- -- --
800 -- -- --
900 20.67% .000007 0.25

1,000 3.43% .000003 0.42
1,100 2.86% .000002 0.44
1,200 2.38% .000008 0.49
1,300 1.00% .000007 0.50
1,400 1.03% .000002 0.48
1,500 1.20% .000003 0.52
1,600 1.48% .000003 0.53
1,700 1.08% .000004 0.94
1,800 0.80% .000001 0.83
1,900 0.99% .000003 0.46
2,000 0.95% .000002 0.53
2,100 0.83% .000004 0.49
2,300 1.33% .000003 0.43
2,500 1.28% .000001 0.45
2,700 0.41% .000001 0.59
2,900 0.35% .000001 0.56
3,300 0.26% <.000001 0.66
3,700 0.01% .000004 0.70
4,100 0.04% <.000001 0.55
4,500 0.02% .000005 0.50
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Sucker Glide Site

Flow (cfs) Net Q Sol A Max F
150 16.69% .000002 1.00
250 2.12% .000005 1.00
300 1.65% .000006 1.00
350 4.24% .000006 1.00
400 5.83% .000007 1.00
500 6.44% .000007 1.02
600 6.36% .000006 1.01
700 5.97% .000008 1.00
800 5.59% .000004 1.00
900 5.81% .000002 1.00

1,000 6.36% .000009 1.00
1,100 0.05% .000003 0.36
1,200 0.22% .000006 0.35
1,300 0.10% .000003 0.34
1,400 0.04% .000008 0.34
1,500 0.15% .000007 0.39
1,600 0.09% .000003 0.40
1,700 0.03% .000006 0.39
1,800 0.14% .000003 0.37
1,900 0.10% .000006 0.41
2,000 0.05% .000004 0.64
2,100 0.15% .000005 0.66
2,300 0.07% .000005 0.60
2,500 0.12% .000005 0.54
2,700 0.14% .000005 0.49
2,900 0.10% .000006 0.47
3,300 0.05% .000005 0.43
3,700 0.09% .000005 1.03
4,100 0.04% .000007 0.90
4,500 0.04% .000006 0.89
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Railroad Site

Flow (cfs) Net Q Sol A Max F
150 1.19% .000002 1.19
250 0.42% .000008 0.24
300 0.23% .000001 0.24
350 0.61% .000002 0.21
400 0.44% .000001 0.21
500 0.35% .000005 0.30
600 1.35% .000003 0.29
700 0.20% .000004 0.36
800 2.07% .000008 0.36
900 0% .000004 0.46

1,000 0.56% .000001 0.41
1,100 0.61% .000005 0.33
1,200 0.04% .000001 0.53
1,300 0.06% .000006 0.52
1,400 0.10% .000007 0.47
1,500 0.37% .000001 0.59
1,600 0.09% .000001 0.54
1,700 0.59% .000001 0.50
1,800 0.38% .000001 0.57
1,900 0% .000007 0.56
2,000 0.04% .000001 0.51
2,100 0.07% .000001 0.62
2,300 0.03% .000001 0.45
2,500 0.01% .000002 0.62
2,700 0.05% .000002 0.52
2,900 0.20% .000002 0.56
3,300 0.25% .000003 0.74
3,700 0.39% .000003 0.66
4,100 0.62% .000003 0.77
4,500 1.49% .000004 0.64
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APPENDIX K
HABITAT SUITABILITY CRITERIA
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Spring/fall-run Chinook Salmon Fry Rearing

Water Water Adjacent
Velocity (ft/s Sl Value Depth (ft) Sl Value Cover SlValue Velocity (ft/s) Sl Value
0.00 1.00 0.0 0.00 0 0.00 0.00 0.36
0.10 0.99 0.1 0.00 0.1 0.10 3.60 1.00
0.20 0.95 0.2 0.80 1 0.25 100 1.00
0.30 0.89 0.3 0.84 2 0.10
0.40 0.81 0.5 0.90 3 0.54
0.60 0.65 0.6 0.92 3.7 1.00
0.70 0.56 0.7 0.95 4 1.00
0.80 0.49 0.8 0.96 4.7 1.00
0.90 0.42 0.9 0.98 5 1.00
1.10 0.30 1.1 1.00 5.7 1.00
1.30 0.22 1.4 1.00 7 0.25
1.40 0.19 1.7 0.97 8 1.00
1.70 0.13 2.2 0.87 9 0.25
2.00 0.10 25 0.78 9.7 0.10
2.10 0.10 2.6 0.76 10 0.54
2.20 0.09 2.7 0.73 11 0.00
2.70 0.09 2.8 0.69 100 0.00
2.80 0.10 3.5 0.48
2.90 0.10 3.6 0.46
3.00 0.11 3.8 0.40
3.10 0.11 3.9 0.38
3.20 0.12 4.0 0.35
3.40 0.12 4.6 0.23
3.50 0.13 4.7 0.22
3.62 0.13 4.8 0.20
3.63 0.00 4.9 0.19
100 0.00 5.0 0.17
5.7 0.10
5.8 0.10
6.0 0.08
6.1 0.08
6.2 0.07
6.3 0.07
6.4 0.06
6.5 0.06
6.6 0.05
6.9 0.05
7.0 0.04
7.3 0.04
7.4 0.03
8.0 0.03
8.1 0.02
18.4 0.02
18.5 0.00
100 0.00
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Spring/fall-run Chinook Salmon Juvenile Rearing

Water Water Adjacent
Velocity (ft/s) Sl Value Depth (ft) Sl Value Cover Sl Value Velocity (ft/s) Sl Value
0.00 1.00 0.0 0.00 0 0.00 0.00 0.02
0.10 1.00 0.7 0.00 0.1 0.24 5.50 1.00
0.20 0.99 0.8 0.03 1 0.24 100 1.00
0.30 0.98 1.0 0.05 2 0.24
0.40 0.97 1.2 0.09 3 0.24
0.50 0.96 1.4 0.15 3.7 1.00
0.60 0.94 1.6 0.23 4 1.00
0.70 0.92 1.9 0.38 4.7 1.00
0.80 0.89 2.4 0.68 5 1.00
0.90 0.87 25 0.73 5.7 1.00
1.00 0.84 2.6 0.79 7 0.24
1.10 0.81 2.9 0.91 8 1.00
1.20 0.78 3.1 0.97 9 0.24
1.30 0.74 3.4 1.00 9.7 0.24
1.40 0.71 35 1.00 10 0.24
1.50 0.67 3.8 0.97 11 0.00
1.60 0.63 4.0 0.93 100 0.00
1.70 0.60 4.1 0.90
1.80 0.56 4.2 0.88
1.90 0.52 4.4 0.82
2.00 0.48 4.5 0.78
2.10 0.45 5.4 0.51
2.20 0.41 5.5 0.49
2.30 0.38 5.6 0.46
2.40 0.34 6.2 0.34
2.50 0.31 6.3 0.33
2.55 0.30 6.4 0.31
3.98 0.30 7.0 0.25
3.99 0.00 7.1 0.25
100 0.00 7.2 0.24
7.3 0.23
7.5 0.23
7.6 0.22
11.8 0.22
11.9 0.00
100 0.00
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Steelhead/Rainbow Trout Fry Rearing

Water Water Adjacent
Velocity (ft/s) Sl Value Depth (ft) Sl Value Cover Sl Value Velocity (ft/s) Sl Value
0.00 1.00 0.0 0.00 0 0.00 0.00 0.17
0.10 1.00 0.1 0.00 0.1 0.12 4.70 1.00
0.20 0.99 0.2 0.47 1 0.57 100 1.00
0.30 0.98 0.4 0.57 2 0.28
0.40 0.97 0.5 0.63 3 0.28
0.50 0.96 0.6 0.67 3.7 1.00
0.60 0.94 0.7 0.72 4 0.57
0.70 0.92 0.8 0.77 4.7 1.00
0.80 0.89 1.0 0.85 5 1.00
0.90 0.87 1.1 0.88 5.7 1.00
1.00 0.84 1.2 0.91 7 0.28
1.10 0.81 1.3 0.94 8 1.00
1.20 0.78 1.5 0.98 9 0.12
1.30 0.74 1.7 1.00 9.7 0.12
1.40 0.71 1.9 1.00 10 1.00
1.50 0.67 2.2 0.97 11 0.00
1.60 0.63 24 0.93 100 0.00
1.70 0.60 25 0.90
1.80 0.56 2.9 0.78
1.90 0.52 3.0 0.75
2.00 0.48 3.1 0.71
2.10 0.45 3.2 0.67
2.20 0.41 3.3 0.64
2.30 0.38 3.4 0.60
2.40 0.34 35 0.57
2.50 0.31 3.6 0.53
2.60 0.28 3.7 0.50
2.70 0.25 3.8 0.46
2.80 0.23 4.2 0.34
2.90 0.20 4.3 0.32
3.00 0.18 4.4 0.29
3.10 0.16 45 0.27
3.20 0.14 4.6 0.24
3.30 0.12 4.8 0.20
3.40 0.11 4.9 0.19
3.50 0.09 5.0 0.17
3.60 0.08 5.1 0.16
3.66 0.07 5.2 0.14
3.67 0.00 5.9 0.07
100 0.00 6.0 0.07
6.1 0.06
6.2 0.06
6.3 0.05
6.4 0.00
100 0.00
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Steelhead/Rainbow Trout Juvenile Rearing

Water Water Adjacent
Velocity (ft/s) Sl Value Depth (ft) Sl Value Cover Sl Value Velocity (ft/s) Sl Value
0.00 1.00 0 0.00 0 0.00 0.00 0.02
0.10 1.00 0.4 0.00 0.1 0.24 5.50 1.00
0.20 0.99 0.5 0.45 1 0.24 100 1.00
0.30 0.98 1.6 0.90 2 0.24
0.40 0.97 2.0 0.98 3 0.24
0.50 0.96 2.2 1.00 3.7 1.00
0.60 0.94 25 1.00 4 1.00
0.70 0.92 3.0 0.94 4.7 1.00
0.80 0.89 35 0.84 5 1.00
0.90 0.87 5.5 0.32 5.7 1.00
1.00 0.84 6.5 0.17 7 0.24
1.10 0.81 8.0 0.07 8 1.00
1.20 0.78 9.5 0.04 9 0.24
1.30 0.74 10.5 0.03 9.7 0.24
1.40 0.71 135 0.03 10 0.24
1.50 0.67 15.0 0.04 11 0.00
1.60 0.63 15.1 0.00 100 0.00
1.70 0.60 100 0.00
1.80 0.56
1.90 0.52
2.00 0.48
2.10 0.45
2.20 0.41
2.30 0.38
2.40 0.34
2.50 0.31
2.55 0.30
3.98 0.30
3.99 0.00
100 0.00
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Narrows Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 1,488 318 994 260
500 1,448 346 981 276
600 1,404 365 961 287
700 1,368 381 947 295
800 1,352 386 943 300
900 1,333 411 955 319
1,000 1,303 424 955 331
1,100 1,286 425 947 330
1,200 1,266 430 946 337
1,300 1,253 436 947 343
1,400 1,251 433 948 344
1,500 1,255 438 949 352
1,600 1,237 444 951 361
1,700 1,590 656 1,348 627
1,800 1,576 670 1,365 658
1,900 1,608 685 1,421 681
2,000 1,586 692 1,435 696
2,100 1,566 706 1,459 708
2,300 1,565 731 1,488 717
2,500 1,614 773 1,546 749
2,700 1,391 614 1,171 563
2,900 1,418 632 1,208 595
3,100 1,552 639 1,300 618
3,300 1,614 651 1,358 642
3,500 1,639 663 1,403 684
3,700 1,655 675 1,429 712
3,900 1,597 693 1,444 47
4,100 1,634 695 1,443 726
4,300 1,582 720 1,468 764
4,500 1,565 757 1,510 808
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Rosebar Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 1,088 519 1,382 788
500 1,073 584 1,434 854
600 1,038 643 1,449 914
700 997 695 1,453 949
800 980 729 1,476 938
900 948 767 1,503 959
1,000 916 799 1,528 976
1,100 886 820 1,538 979
1,200 873 844 1,559 989
1,300 837 858 1,557 990
1,400 818 876 1,540 992
1,500 789 862 1,489 963
1,600 787 870 1,469 962
1,700 793 880 1,446 963
1,800 788 887 1,413 957
1,900 776 889 1,379 949
2,000 768 885 1,350 936
2,100 758 882 1,325 924
2,300 767 876 1,291 896
2,500 783 856 1,269 852
2,700 1,008 830 1,312 806
2,900 1,168 818 1,349 787
3,100 1,285 797 1,385 769
3,300 1,409 781 1,433 768
3,500 1,539 772 1,479 763
3,700 1,680 752 1,538 74
3,900 1,808 742 1,597 750
4,100 1,907 731 1,646 746
4,300 2,046 725 1,707 746
4,500 2,166 716 1,772 749
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U.C. Sierra Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 7,516 2,709 14,365 6,150
500 7,161 3,173 14,723 6,688
600 7,285 3,584 15,148 7,103
700 7,244 3,935 15,443 7,492
800 7,167 4,204 15,605 7,771
900 7,114 4,385 15,702 7,924
1,000 7,187 4,553 15,905 8,105
1,100 7,127 4,688 15,919 8,219
1,200 7,066 4,773 15,862 8,273
1,300 7,115 4,892 15,820 8,363
1,400 6,929 4,990 15,819 8,438
1,500 7,269 5,025 15,570 8,407
1,600 7,513 5135 15,507 8,484
1,700 7,760 5,229 15,453 8,540
1,800 7,833 5,370 15,361 8,647
1,900 7,874 5,496 15,158 6,373
2,000 8,005 5,635 15,021 8,807
2,100 8,125 5,769 14,881 8,906
2,300 8,547 6,067 14,701 9,153
2,500 8,621 6,248 14,396 9,251
2,700 9,166 6,393 14,078 9,323
2,900 10,274 6,416 14,074 9,308
3,100 10,538 6,348 13,828 9,200
3,300 10,931 6,162 13,699 9,037
3,500 11,430 5,628 13,712 8,607
3,700 10,589 5,312 13,754 8,541
3,900 10,482 5,071 13,689 8,506
4,100 10,157 4,941 13,567 8,550
4,300 10,013 4,801 13,341 8,538
4,500 9,949 4,551 13,196 8,395
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Timbuctoo Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 25,869 7,618 47,526 17,166

500 26,082 8,742 48,260 18,693

600 26,487 9,666 48,836 19,845

700 26,862 10,566 48,994 20,892

800 27,182 11,386 48,853 21,744

900 27,225 12,074 48,474 22,359
1,000 27,135 12,564 47,999 22,738
1,100 27,219 12,990 47,647 23,043
1,200 27,021 13,177 47,150 23,032
1,300 26,827 13,491 46,673 23,117
1,400 26,802 13,711 46,201 23,067
1,500 26,807 13,985 45,631 23,213
1,600 27,530 14,045 46,875 23,122
1,700 28,076 14,052 45,291 22,976
1,800 29,073 14,124 45,441 22,959
1,900 30,572 14,175 45,643 22,915
2,000 32,442 14,236 46,218 23,052
2,100 34,227 14,430 46,947 23,405
2,300 37,647 14,759 48,332 24,227
2,500 40,283 15,094 49,779 25,062
2,700 43,768 15,581 51,652 26,145
2,900 45,728 16,150 53,373 27,581
3,100 47,147 16,766 54,706 29,177
3,300 49,497 17,251 55,962 30,698
3,500 51,100 17,780 57,397 32,068
3,700 52,085 18,144 58,337 32,986
3,900 52,863 18,535 59,034 34,050
4,100 55,164 18,846 59,662 35,017
4,300 56,468 19,220 60,054 36,005
4,500 56,207 19,770 60,185 37,232
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Highway 20 Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 4,806 1,816 9,187 3,804
500 5,075 2,145 9,309 4,344
600 5,220 2,478 9,552 4,820
700 5,378 2,801 9,955 5,277
800 5,278 3,066 10,177 5,630
900 5,153 3,265 10,328 5,886
1,000 5151 3,248 10,516 5,922
1,100 5,356 3,298 10,523 5,952
1,200 5,487 3,449 10,748 6,123
1,300 5,676 3,568 10,938 6,253
1,400 5734 3,664 11,024 6,344
1,500 5,939 3,776 11,037 6,433
1,600 6,375 3,882 11,082 6,499
1,700 7,069 3,933 11,285 6,530
1,800 7,410 4,063 11,394 6,639
1,900 7,590 4,173 11,398 6,729
2,000 8,019 4,246 11,432 6,768
2,100 8,535 4,301 11,506 6,863
2,300 9,412 4,500 11,730 7,162
2,500 9,753 4,669 11,717 7,424
2,700 9,599 4,700 11,665 7,668
2,900 9,641 4,505 11,634 7,652
3,100 9,660 4,337 11,625 7,662
3,300 9,700 4,193 11,539 7,655
3,500 9,750 4,209 11,467 7,827
3,700 9,438 4,146 11,353 7,957
3,900 9,549 4,048 11,367 8,016
4,100 9,139 3,965 11,435 8,170
4,300 9,194 3,849 11,293 8,360
4,500 9,126 4,173 11,078 8,600
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Island Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 11,103 5,085 14,363 8,004

500 11,271 5,726 14,595 8,760

600 11,298 6,249 15,242 9,617

700 11,220 6,697 15,885 10,355

800 11,214 7,034 16,372 10,907

900 11,214 1,272 16,678 11,276
1,000 11,077 7,491 16,773 11,661
1,100 10,961 1,477 16,673 11,666
1,200 10,738 7,509 16,640 11,780
1,300 10,620 7,571 16,509 11,887
1,400 10,517 7,645 16,283 11,951
1,500 10,421 7,719 16,060 11,996
1,600 10,338 7,739 15,759 12,022
1,700 10,191 7,801 15,378 11,978
1,800 10,158 7,828 14,992 11,908
1,900 10,204 7,933 14,736 11,930
2,000 10,360 8,004 14,554 11,942
2,100 10,351 8,035 14,169 11,842
2,300 10,408 8,197 13,625 11,767
2,500 10,312 8,309 13,092 11,596
2,700 10,387 8,345 12,436 11,434
2,900 10,588 8,518 12,042 11,463
3,100 10,753 7,625 11,177 10,678
3,300 10,843 7,632 10,936 10,605
3,500 10,873 7,521 10,706 10,362
3,700 10,789 7,398 10,462 10,206
3,900 10,978 7,159 10,330 9,872
4,100 11,050 6,716 10,316 9,485
4,300 10,668 6,317 10,391 9,215
4,500 10,491 6,011 10,292 9,006
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Hammond Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 6,761 3,151 13,881 7,515
500 6,722 3,550 13,204 7,637
600 6,828 3,872 12,398 7,736
700 7,085 4,197 11,724 7,966
800 7,311 4,609 11,274 8,292
900 7,375 4,958 10,858 8,545
1,000 7,489 5,252 10,373 8,603
1,100 7,452 5,385 9,775 8,441
1,200 7,399 5,600 9,294 8,395
1,300 7,258 5,527 8,867 8,087
1,400 7,075 5,383 8,665 7,716
1,500 6,911 4,874 8,420 6,917
1,600 6,858 4,496 8,265 6,393
1,700 6,927 4,140 8,097 5,931
1,800 6,938 3,876 7,982 5,611
1,900 6,943 3,769 7,822 5,419
2,000 6,916 3,622 7,687 5,276
2,100 6,956 3,550 7,542 5,185
2,300 7,006 3,325 7,269 4,927
2,500 7,123 3,179 7,010 4,716
2,700 7,413 3,158 7,006 4,689
2,900 7,500 3,053 6,899 4,546
3,100 7,593 2,946 6,854 4447
3,300 7,936 2,831 6,911 4,408
3,500 8,254 2,821 6,973 4,522
3,700 8,076 2,786 7,123 4,634
3,900 8,175 2,747 7,166 4,650
4,100 8,725 2,760 7,418 4,753
4,300 8,719 2,760 7,658 4,937
4,500 8,518 2,744 7,752 5,051

USFWS, SFWO, Energy Pl anning and | nstream Fl ow Branch
Yuba River Rearing Draft Report

August 12, 2008

250



Diversion Site WUA (ft9)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

400 2,125 305 1,872 1,216
500 2,096 424 2,081 1,476
600 2,030 553 2,251 1,724
700 2,044 667 2,379 1,896
800 2,076 778 2,504 2,053
900 2,201 889 2,641 2,195
1,000 2,282 981 2,753 2,309
1,100 2,334 1,060 2,831 2,400
1,200 2,408 1,130 2,897 2,480
1,300 2,449 1,194 2,969 2,572
1,400 2,494 1,253 3,007 2,632
1,500 2,566 1,324 3,064 2,729
1,600 2,614 1,407 3,144 2,840
1,700 2,712 1,497 3,207 2,948
1,800 2,797 1,583 3,277 3,040
1,900 2,841 1,689 3,331 3,171
2,000 2,830 1,772 3,393 3,270
2,100 2,785 1,838 3,420 3,331
2,300 2,744 1,961 3,485 3,456
2,500 2,802 2,071 3,504 3,532
2,700 2,990 2,049 3,536 3,476
2,900 3,064 1,943 3,518 3,371
3,100 3,106 1,685 3,496 3,136
3,300 3,057 1,538 3,492 3,026
3,500 2,906 1,415 3,380 2,913
3,700 2,901 1,352 3,264 2,843
3,900 3,000 1,318 3,221 2,802
4,100 3,155 1,239 3,208 2,741
4,300 3,119 1,254 3,145 2,727
4,500 3,154 1,210 3,077 2,653
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Upper Daguerra Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 3,931 855 7,618 2,220
250 3,342 1,334 8,040 2,885
300 3,244 1,542 8,171 3,144
350 3,155 1,715 8,164 3,302
400 3,012 1,865 8,059 3,417
500 2,780 2,122 7,663 3,607
600 2,647 2,270 7,191 3,614
700 2,597 2,389 6,790 3,628
800 2,542 2,401 6,406 3,492
900 2,535 2,442 6,069 3,441
1,000 2,473 2,474 5,706 3,397
1,100 2,379 2,496 5,420 3,400
1,200 2,296 2,500 5,203 3,346
1,300 2,678 2,455 5,114 3,245
1,400 2,854 2,479 4,969 3,251
1,500 3,123 2,461 4,840 3,208
1,600 3,191 2,421 4,665 3,133
1,700 3,346 2,397 4,563 3,095
1,800 3,624 2,353 4517 3,040
1,900 3,728 2,299 4,408 3,037
2,000 3,802 2,287 4,373 3,047
2,100 3,824 2,201 4,295 2,996
2,300 3,939 2,079 4,196 2,983
2,500 4,001 2,023 4,142 3,000
2,700 4,277 1,925 4,173 2,999
2,900 4,518 1,776 4,191 2,882
3,300 4,509 1,488 4,325 2,804
3,700 4,759 1,266 4,487 2,770
4,100 4,781 1,145 4,709 2,745
4,500 4,807 1,195 4,700 2,878
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Lower Daguerra Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile
150 8,481 892 15,891 4,936
250 8,062 1,548 17,454 6,129
300 8,098 1,869 17,787 6,527
350 8,215 2,048 17,925 6,800
400 8,336 2,316 17,993 7,141
500 8,850 2,832 17,803 7,692
600 9,466 3,260 17,648 7,981
700 9,748 3,684 17,506 8,422
800 10,085 3,776 17,235 8,481
900 10,283 3,781 17,152 8,533
1,000 10,642 3,680 17,188 8,536
1,100 11,435 3,743 17,387 8,755
1,200 11,718 3,658 17,358 8,752
1,300 12,398 3,725 17,370 8,841
1,400 13,153 3,768 17,409 8,966
1,500 13,885 3,815 17,706 9,064
1,600 15,025 3,873 18,190 9,209
1,700 16,084 3,915 18,863 9,490
1,800 17,052 3,969 19,554 9,792
1,900 17,805 3,936 20,172 10,022
2,000 18,587 3,984 21,011 10,699
2,100 18,654 3,988 21,071 10,724
2,300 19,943 3,996 22,188 11,325
2,500 19,857 4,151 22,726 12,093
2,700 20,078 4,418 23,633 13,072
2,900 19,703 4,745 23,997 13,852
3,300 19,009 5,656 24,189 15,309
3,700 17,811 6,507 23,494 16,211
4,100 17,161 7,281 22,345 16,556
4,500 16,626 8,117 21,289 16,946
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Pyramids Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 6,831 383 11,761 2,775
250 6,059 674 13,799 3,857
300 5,628 808 14,247 4,277
350 5,343 935 14,492 4,580
400 5,069 1,054 14,593 4,816
500 4,800 1,276 14,570 5,200
600 4,785 1,467 14,283 5,462
700 4,810 1,639 13,828 5,675
800 5,015 1,800 13,289 5,897
900 5,092 1,947 12,810 6,118
1,000 5,215 2,084 12,371 6,303
1,100 5,157 2,219 11,832 6,531
1,200 4,994 2,343 10,993 6,685
1,300 4,964 2,477 10,342 6,796
1,400 4,775 2,580 9,604 6,724
1,500 4,747 2,663 8,943 6,623
1,600 4,809 2,749 8,467 6,475
1,700 4,714 2,794 7,956 6,228
1,800 4,758 2,831 7,476 6,004
1,900 4,817 2,877 7,067 5,841
2,000 4,889 2,943 6,746 5,797
2,100 4,820 2,941 6,459 5,564
2,300 4,599 2,878 5,845 5144
2,500 4,437 2,767 5,287 4,696
2,700 4,210 2,440 4,733 4,207
2,900 4,198 2,146 4,440 3,819
3,300 4,067 1,072 4,143 2,714
3,700 3,880 831 3,996 2,415
4,100 3,699 822 3,884 2,350
4,500 3,677 782 3,905 2,294
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Hallwood Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile
150 2,290 157 3,929 890
250 2,447 296 4,803 1,184
300 2,755 365 5,248 1,293
350 3,040 431 5,722 1,404
400 3,065 494 6,077 1,519
500 3,276 620 6,656 1,720
600 3,281 744 7,076 1,958
700 3,119 907 7,370 2,304
800 2,995 1,087 7,425 2,626
900 2,850 1,243 7,336 2,854
1,000 2,814 1,409 7,192 3,060
1,100 2,878 1,579 7,012 3,250
1,200 2,813 1,724 6,710 3,387
1,300 2,742 1,832 6,361 3,469
1,400 2,671 1,896 6,041 3,510
1,500 2,710 1,890 5,714 3,473
1,600 2,832 1,878 5,438 3,456
1,700 2,922 1,832 5,147 3,420
1,800 3,014 1,797 4,856 3,422
1,900 2,995 1,785 4,599 3,434
2,000 2,861 1,756 4,370 3,426
2,100 2,788 1,636 4,160 3,290
2,300 2,781 1,596 3,758 3,236
2,500 2,699 1,562 3,469 3,190
2,700 2,761 1,620 3,267 3,212
2,900 2,788 1,704 3,165 3,257
3,300 2,501 1,704 2,744 3,020
3,700 2,415 1,615 2,507 2,735
4,100 2,454 1,405 2,345 2,385
4,500 2,299 1,297 2,241 2,207
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Lower Hallwood Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 6,480 2,113 6,682 4,510
250 5,548 3,217 7,395 6,016
300 5,152 3,674 7,617 6,553
350 4,843 4,113 7,781 6,992
400 4,562 4,479 7,870 7,331
500 4,159 5,043 7,887 7,742
600 3,931 5,462 7,771 7,915
700 3,801 5,692 7,583 7,901
800 3,733 5,820 7,367 7,779
900 3,754 5,863 7,145 7,597
1,000 3,755 5,809 6,868 7,370
1,100 3,736 5,877 6,619 7,261
1,200 3,743 6,006 6,349 7,260
1,300 3,870 6,221 6,083 7,342
1,400 4,067 6,462 5,892 7,470
1,500 4,210 6,731 5,692 7,616
1,600 4,326 6,986 5,526 7,751
1,700 4,433 7,225 5,382 7,857
1,800 4,600 7,455 5,233 7,965
1,900 4,819 7,670 5,150 8,068
2,000 5,080 7,844 5,098 8,096
2,100 5,192 7,804 5,014 8,014
2,300 6,186 7,239 4,984 7,470
2,500 5731 6,246 4,961 6,617
2,700 6,373 4,992 5172 5,558
2,900 7,005 3,884 5,457 4,647
3,300 7,873 3,243 6,111 4,418
3,700 8,624 3,030 6,821 4,546
4,100 9,104 2,971 7,738 4,993
4,500 9,116 3,035 8,325 5374
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Plantz Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 2,145 374 2,452 2,010
250 2,251 675 2,788 2,527
300 2,355 822 2,809 2,699
350 2,408 981 2,879 2,908
400 2,415 1,113 2,876 3,081
500 2,357 1,428 2,930 3,457
600 2,335 1,664 2,864 3,690
700 2,279 1,907 2,795 3,905
800 2,276 2,064 2,718 3,946
900 2,251 2,021 2,611 3,738
1,000 2,218 2,086 2,533 3,706
1,100 2,216 2,159 2,485 3,668
1,200 2,277 2,206 2,463 3,629
1,300 2,353 2,302 2,434 3,676
1,400 2,349 2,343 2,359 3,640
1,500 2,404 2,425 2,331 3,712
1,600 2,470 2,432 2,275 3,685
1,700 2,579 2,435 2,247 3,648
1,800 2,692 2,471 2,243 3,691
1,900 3,105 2,463 2,321 3,663
2,000 3,544 2,459 2,384 3,648
2,100 3,785 2,462 2,462 3,648
2,300 3,589 2,385 2,472 3,583
2,500 3,723 2,328 2,497 3,534
2,700 3,642 2,142 2,569 3,357
2,900 3,465 1,998 2,590 3,212
3,300 3,424 1,816 2,889 3,167
3,700 3,842 1,592 3,124 3,108
4,100 4,749 1,302 3,487 2,843
4,500 4,748 1,328 3,786 3,058
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Whirlpool Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile
150 0 0 0 0
250 0 0 0 0
300 1,288 20 586 129
350 1,510 68 939 436
400 1,554 101 1,100 627
500 1,553 152 1,333 944
600 1,533 205 1,485 1,183
700 1,521 264 1,601 1,390
800 1,506 325 1,695 1,576
900 1,495 382 1,763 1,736
1,000 1,428 434 1,848 1,874
1,100 1,435 488 1,887 1,999
1,200 1,457 543 1,927 2,107
1,300 1,539 612 1,969 2,215
1,400 1,652 692 1,999 2,318
1,500 1,830 763 2,024 2,403
1,600 2,089 826 2,086 2,479
1,700 2,580 902 2,219 2,564
1,800 3,105 978 2,370 2,648
1,900 3,513 1,049 2,513 2,737
2,000 3,845 1,108 2,662 2,800
2,100 4,228 1,172 2,829 2,900
2,300 4,742 1,309 3,088 3,111
2,500 5,137 1,435 3,371 3,306
2,700 5,491 1574 3,814 3,557
2,900 5721 1,712 4,346 3,818
3,300 5,849 2,010 5,105 4,329
3,700 5,931 2,244 5,693 4,787
4,100 5,946 2,488 6,084 5,198
4,500 5,846 2,706 6,370 5,519
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Side-Channel Site WUA (ft%)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile
150 0 0 0 0
250 0 0 0 0
300 0 0 0 0
350 0 0 0 0
400 0 0 0 0
500 0 0 0 0
600 0 0 0 0
700 0 0 0 0
800 0 0 0 0
900 417 2 148 16
1,000 661 5 256 42
1,100 767 10 334 84
1,200 856 15 409 139
1,300 952 23 490 195
1,400 1,016 31 557 245
1,500 1,101 42 636 297
1,600 1,180 53 710 346
1,700 1,247 66 790 400
1,800 1,293 80 862 452
1,900 1,357 97 909 495
2,000 1,386 114 977 547
2,100 1,447 134 1,050 5908
2,300 1,625 177 1,201 699
2,500 1,725 223 1,323 785
2,700 1,880 273 1,467 877
2,900 2,051 326 1,622 971
3,300 2,261 442 1,925 1,150
3,700 2,423 557 2,188 1,313
4,100 2,804 678 2,460 1,475
4,500 3,168 801 2,727 1,635
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Sucker Glide Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 3,690 548 3,501 2,648
250 3,225 977 4,063 3,585
300 3,065 1,314 4,382 4,091
350 2,969 1,707 4,602 4,493
400 2,891 2,165 4,701 4,790
500 2,691 3,134 4,664 5134
600 2,499 4,010 4,473 5,236
700 2,367 4,666 4,180 5,163
800 2,187 5,079 3,800 4,981
900 2,044 5,245 3,421 4,729
1,000 1,908 5,217 3,061 4,438
1,100 1,885 4,747 3,891 5172
1,200 1,826 4,902 3,653 5,000
1,300 1,771 4,973 3,421 4,809
1,400 1,736 4,981 3,202 4,609
1,500 1,695 4,928 2,989 4,404
1,600 1,670 4,855 2,802 4,223
1,700 1,621 4,759 2,620 4,044
1,800 1,558 4,646 2,304 3,877
1,900 1,529 4,526 2,303 3,718
2,000 1,544 4,408 2,169 3,574
2,100 1,532 4,294 2,046 3,447
2,300 1,483 4,079 1,851 3,240
2,500 1514 3,871 1,689 3,042
2,700 1,559 3,681 1571 2,864
2,900 1514 3,503 1,457 2,703
3,300 1,445 3,166 1,292 2,390
3,700 1,533 2,912 1,259 2,182
4,100 1,681 2,723 1,285 2,045
4,500 1,745 2,540 1,365 1,943
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Railroad Site WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout
Flow (cfs) Fry Juvenile Fry Juvenile

150 1,486 579 999 578
250 1,397 643 903 562
300 1,357 705 884 598
350 1,304 736 851 595
400 1,283 848 866 678
500 1,227 961 845 745
600 1,192 1,049 840 801
700 1,202 1,064 805 781
800 1,180 1,098 794 789
900 1,228 1,028 760 710
1,000 1,186 1,096 767 758
1,100 1,160 1,163 772 817
1,200 1,153 1,156 759 806
1,300 1,137 1,142 755 796
1,400 1,154 1,144 766 800
1,500 1,176 1,140 769 788
1,600 1,204 1,089 762 74
1,700 1,189 1,122 773 778
1,800 1,186 1,102 768 761
1,900 1,185 1,095 768 757
2,000 1,196 1,077 770 741
2,100 1,191 1,071 775 739
2,300 1,194 1,074 787 741
2,500 1,218 1,055 795 733
2,700 1,231 1,056 807 739
2,900 1,239 1,023 821 734
3,300 1,254 978 837 726
3,700 1,264 944 842 722
4,100 1,297 892 876 717
4,500 1,361 825 868 676
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Englebright Dam to Daguerra Dam WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout

Flow (cfs) Fry Juvenile Fry Juvenile
400 302,294 120,899 599,161 259,289
500 298,859 137,996 585,267 276,265
600 298,831 152,564 572,330 289,940
700 299,485 165,944 560,179 302,518
800 300,009 177,579 547,155 312,093
900 299,035 186,313 534,566 317,916
1,000 298,910 190,710 522,546 318,788
1,100 298,333 191,765 508,824 315,133
1,200 294,825 192,352 495,955 311,969
1,300 291,962 192,763 485,324 308,996
1,400 288,385 192,036 475,849 304,236
1,500 288,495 187,720 465,249 295,823
1,600 292,851 184,292 464,083 289,789
1,700 297,944 180,571 453,673 283,699
1,800 302,718 178,833 449,588 279,983
1,900 309,710 178,894 445,499 272,596
2,000 318,517 177,703 443,524 275,979
2,100 326,458 177,742 440,604 275,277
2,300 343,572 178,383 436,650 275,495
2,500 357,719 178,333 433,853 274,731
2,700 378,503 178,317 433,503 275,129
2,900 392,625 176,907 435,272 275,888
3,100 400,513 170,236 435,158 273,879
3,300 414,176 166,845 439,133 275,786
3,500 426,072 164,347 444,675 278,535
3,700 423,570 161,858 447,588 281,504
3,900 426,642 160,311 449,716 283,975
4,100 438,277 159,099 454,084 288,472
4,300 441,473 157,768 456,839 293,616
4,500 437,559 159,072 456,614 299,153
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Daguerra Dam to Feather River WUA (ft%)

Fall/Spring-Run Chinook Steel head/Rainbow Trout

Flow (cfs) Fry Juvenile Fry Juvenile
150 242,018 5,462 314,630 141,898
250 222,201 7,839 345,955 179,981
300 226,323 9,078 362,156 197,410
350 222,330 10,208 366,499 212,152
400 217,173 11,494 376,984 226,030
500 209,470 13,617 377,907 244,499
600 206,211 15,275 373,177 254,079
700 203,798 16,509 366,091 259,719
800 202,380 17,162 355,400 259,289
900 204,501 17,380 346,278 256,295
1,000 205,468 17,516 338,222 254,003
1,100 206,984 17,820 338,334 262,834
1,200 206,595 18,105 327,971 262,338
1,300 211,182 18,516 319,380 263,390
1,400 216,501 18,873 311,249 264,171
1,500 224,117 19,166 304,079 264,193
1,600 232,810 19,410 299,066 264,575
1,700 241,316 19,627 295,295 264,932
1,800 250,981 19,797 290,876 265,610
1,900 260,571 19,948 289,350 266,711
2,000 270,629 20,089 289,465 268,750
2,100 274,353 190,874 286,122 265,692
2,300 299,096 19,192 284,554 260,481
2,500 290,583 18,121 282,427 252,130
2,700 304,038 16,693 286,519 241,954
2,900 313,680 15,453 291,831 233,586
3,300 319,929 13,929 300,517 227,165
3,700 328,309 13,483 308,800 228,394
4,100 337,756 13,195 319,888 232,181
4,500 338,686 13,214 327,529 237,185
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APPENDIX M
COMBINED HABITAT SUITABILITY OF FRY AND JUVENILES
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs

Depth Suitability
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs

* =fry locations. Red boxes delineate areas sampled.
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs
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Timbuctoo Steelhead/Rainbow Trout Juvenile, Q = 917 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 2,022 cfs

Combined Suitability A
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 2,022 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 2,022 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 2,022 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 2,022 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q=1,963 cfs
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Hammond Spring/Fall-Run Chinook Fry, Q = 2,207 cfs
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Hammond Spring/Fall-Run Chinook Juvenile, Q = 2,207 cfs
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Hammond Steel head/Rainbow Trout Fry, Q = 2,207 cfs
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Hammond Steelhead/Rainbow Trout Juveniles, Q = 2,207 cfs
Combined Suitability P
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* =fry locations. Red box delineates area sampled.
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Hammond Steelhead/Rainbow Trout Fry, Q =
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/ Combined Suitability
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Lower Daguerra Spring/Fall-Run Chinook Fry, Q = 1,560 cfs
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Lower Daguerra Spring/Fall-Run Chinook Juvenile, Q = 1,560 cfs
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Side-Channel Spring/Fall-Run Chinook Fry, Q = 2,430 cfs

Combined Suitability

100
oan

0w
0.E0

0.50
0.40
.0.30
.20
lU.‘IU
0.00

* = juvenilelocations. Red box delineates area sampled.

USFWS, SFWO, Energy Planning and Instream Flow Branch

Y uba River Rearing Draft Report

August 12, 2008 284



Side-Channel Spring/Fall-Run Chinook Juveniles, Q = 2,430 cfs
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APPENDIX N
ACRONYMS
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LIST OF ACRONYMS

2-D
ACE
ADCP
ASCII
AV
BCG
BCP
BCRi
BCRu
C
CDFG
cdg
CFG
cfs

CsSl
dss
Exp
FLOMANN
ft/s
FWG
FWP
FWRI
FWRu
GIS
GPS

h
HABTAV
HSC
HSI
IFG4
IFIM

m

m/s
MANSQ
Max F
MHU

n

p
PHABSIM
PVC

Two dimensional

U.S. Army Corps of Engineers

Acoustic Doppler Current Profiler
American Standard Code for Information loteange
Adjacent Velocity

Bar Complex Glide

Bar Complex Pool

Bar Complex Riffle

Bar Complex Run

Contingency coefficient

California Department of Fish and Game
Computational Mesh file

Configuration File

cubic feet per second

Combined Habitat Suitability Index

median diameter for which 85 percent of the patidre smaller

exponential function

Flow Manning’s n

feet per second

Flat Water Glide

Flat Water Pool

Flat Water Riffle

Flat Water Run

Geographic Information System

Global Positioning System

depth
Adjacent Velocity Habitat Analysis
Habitat Suitability Criteria

Habitat Suitability Index

Instream Flow Group Program 4
Instream Flow Incremental Methodology
meter

meters per second

Mannings Equation Discharge (Q) Simulationd?am
maximum Froude Number
mesohabitat unit

number

probability

Physical Habitat Simulation Model
Poly Vinyl Chloride
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q unit discharge
QI Quality Index

R? coefficient of determination
RHABSIM  Riverine Habitat Simulation Model

River2D Two dimensional depth averaged model dériwdrodynamics and fish habitat
RM River Mile

SCG Side Channel Glide

SCP Side Channel Pool

SCRIi Side Channel Riffle

SCRu Side Channel Run

SCUBA Self-Contained Underwater Breathing Apparatus
Sl Suitability Index

SolA solution change

SL Standard Length

SZF stage of zero flow

T Chi-squared test statistic

TIN Triangulated Irregular Network
U Mann-Whitney U test statistic
USFWS U.S. Fish and Wildlife Service
USGS U.S. Geological Survey

VAF Velocity Adjustment Factors
WSEL Water Surface Elevation

WSP Water Surface Profile Program
WUA Weighted Useable Area

XS1 downstream transect

XS2 upstream transect

YOY Young of Year
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