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PREFACE

The following is the final report for the U.S. Fiahd Wildlife Service’s investigations on
anadromous salmonid rearing habitat in the Yub&Reetween 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 submittednid raw data in digital format can be
obtained 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

! This program is a continuation of a 7-year effal$o 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 faltisg-run 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. Habitais modeled for eight sites above Daguerre
Point Dam and ten sites below Daguerre Point Damlwivere representative of the
mesohabitat types available in the two segmentkafiéspring-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 portiohghe sites and with an Acoustic Doppler
Current Profiler (ADCP) in the deeper portionslod site. Additional data were collected to
develop stage-discharge relationships at the wgrstend 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 were refined by defining breaklines goinghgdhannel 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 watéaseelevations 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
fall/spring-Chinook salmon fry, 39 fall/spring-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 fall/spring-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 tegtimith a one-tailed Mann-Whitney U test,
whether the combined suitability predicted by RAR2mwas higher at fry and juvenile locations
versus at locations where fry and juveniles weseab The biological verification did not show
a significant difference between the suitabilityoetupied and unoccupied locations. The peak
of the flow habitat relationship curves developedhis study are the following. In the Above
Daguerre Segment, the 2-D model predicts the higbhtd WUA for fall/spring-run Chinook
salmon fry at 4,300 cfs and for fall/spring-run @k salmon juveniles at 1,300 cfs. In the
Above Daguerre Segment, the 2-D model predict$idieest total WUA for steelhead/rainbow
trout fry at 400 cfs and for steelhead/rainbow tjaueniles at 1,000 cfs. In the Below Daguerre
Segment, the 2-D model predicts the highest totdl\for fall/spring-run Chinook salmon fry
rearing at 4,500 cfs and for fall/spring-run Chik@almon juvenile rearing at 2,000 cfs. In the
Below Daguerre Segment, the 2-D model predictitpjeest 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 rezsdule 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 Yuba River is a major tributary of the FeatRerer, located in the Sacramento River basin
portion of the Central Valley of California. Thewer Yuba River, between Englebright Dam
and the Feather River confluence, is a major doumtor to anadromous salmonid production in
the Central Valley and supports the largest stdc&honook salmon that is not supplemented by
hatcheries. The focus of this study was the LoYwdya River, the only portion of the Yuba
River accessible for spring and fall-run Chinookrgan and steelhead spawning and juvenile
rearing. For the Yuba River downstream of EngtgiirDam, the Central Valley Project
Improvement Act Anadromous Fish Restoration Pldis éar improved flows for all life history
stages of Chinook salmon and steelhead (U.S. lRidMéldlife Service 1995) as a high priority
action to restore anadromous fish populations énythba River. Subsequently, Yuba County
Water Agency, collaboratively with the National Ntee Fisheries Service, the U.S. Fish
and Wildlife Service, the California Departmentfiéh and Game and Non-Governmental
Organizations, developed a comprehensive set ofawga flow regimes, which now are
the Flow Schedules of the Lower Yuba River Accas®R/SWRI 2007).

In June 2001, the U.S. Fish and Wildlife Servicepared a study proposal to identify the
instream flow requirements for anadromous fishartain streams within the Central Valley of
California, including the Yuba River. The Yuba Riwas selected for study because of a
number of factors, including the presence of listedatened or endangered species, the number
of target species or races, whether current instifé@vs were inadequate and if there was an
upcoming hydroelectric project relicensing. Thealgaf this study was to produce models
predicting habitat-discharge relationships in théda River for fall/spring-run Chinook salmon
and steelhead/rainbow trout rearing that meethdaeektent feasible, the levels of accuracy
specified in the methods section. The tasks agid dssociated objectives are given 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 plgedo 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
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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 fall/spring-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 than 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

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, velpciiubstrate or cover) which define the actual
living space of the organisms. The total habivaiilable to a species/life stage at any streamflow
is the area of overlap between available microhabind suitable macrohabitat conditions.

Conceptual models are essential for establishiagr#tical or commonly-accepted frameworks,
upon which data collection and scientific testiag @e interpreted meaningfully. A conceptual
model of the link between rearing habitat and pafoih change (Figure 1) may be described as
follows (Bartholow 1996, Bartholow et al 1993, W4linson et al 1993). Changes in flows result
in changes in depths and velocities. These chamgasn, along with the distribution of cover,
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Figure 1. Conceptual model of the linkage between flow and salmonid populations.
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alter the amount of habitat area for fry and juleerearing for anadromous salmonids. Changes
in the amount of habitat for fry and juvenile regrcould affect rearing success through
alterations in the conditions that favor fry andgnoile growth and promote survival. These
alterations in rearing success could ultimatelyltaa changes in salmonid populations. If a
population is greatly under-seeded because of gnubkelsewhere (e.g., marine overharvest,
pollution), instream flow is still needed to progitlabitat for recovery. Instream flows should
address the desired recovered population size be@npropriation of water rights does not
easily allow for adjusting flows upward to accomratedrecovery once water rights have been
allocated. It may not be reasonable to expecipalption to track habitat or flows if the
population is being depressed by other factorsemthe other factors are alleviated, flows
through habitat would impose a ceiling on the papah.

There are a variety of alternative techniques ab&lto quantify the functional relationship
between flow and fry and juvenile rearing habitaikability, but they can be broken down into
three general categories: 1) habitat modelindpi@pgical response correlations; and

3) demonstration flow assessment (Annear et alkR20Biological response correlations can be
used to evaluate rearing habitat by examining jlegroduction estimates at different flows
(Hvidsten 1993). However, this method requires ynggars of data and it is difficult to separate
out the effects of flows from year to year variatia escapement and other factors. Snorkel
surveys are proposed to be conducted as part abther Yuba River Accord. Although these
data would be expected to provide insight into salieh rearing habitat use, they would be too
limited to use for determining instream flow needsmonstration flow assessments (CIFGS
2003) likewise use direct observation of river habconditions at several flows; at each flow,
polygons of habitat are delineated in the fieleec&use the flow regime in the lower Yuba River
is set by Federal Energy Regulatory Commissiom8eaequirements and water delivery
demands made on the Yuba County Water Agency, dstimadion flows cannot be conducted.
Therefore, we chose to conduct habitat modelingHfedower Yuba River under a range of
flows using data collected from representative \g&ites in the river. Modeling approaches are
widely used to assess the effects of instream flmwBsh habitat availability despite potential
assumption, sampling, and measurement errorsahat, the other methods described above, can
contribute to the uncertainty of results.

The range of Yuba River flows to be evaluated fanagement generally falls within the range
of 150 cubic feet per second (cfs) downstream @fueare Point Dam (the lowest flow in the
Yuba River Accord) and 400 cfs upstream of DaguBoiat Dam (the current State Water
Resources Control Board minimum flow) to 4,170(t& combined capacity of Narrows | and
I1). Accordingly, the range of study flows (4004¢500 cfs upstream Daguerre Point Dam and
150 to 4,500 cfs downstream of Daguerre Point Demspmpasses the range of flows to be
evaluated for management. The assumptions ofthdy are: 1) physical habitat is a limiting
factor for salmonid populations in the Yuba Riv&ryearing habitat quality can be characterized
by depth, velocity, adjacent velocity and covertts) eighteen study sites are representative of
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anadromous salmonid rearing habitat in the Yub@Rand 4) theoretical equations of physical
processes along with a description of stream bagtrynprovide sufficient input to simulate
velocity distributions through a study site.

METHODS
1. Approach

A two-dimensional hydraulic and habitat model, RR2 Version 0.93 November 11, 2006 by P.
Steffler, A. Ghanem, J. Blackburn and Z. Yang (f&efind Blackburn 2002), was used for
predicting Weighted Useable Area (WUA), insteadhef Physical Habitat Simulation
(PHABSIM?). River2D inputs include the bed topography aed tbughness, and the water
surface elevation at the downstream end of the 3ikee amount of habitat present in the site is
computed using the depths and velocities predicyeiver2D, and the substrate and cover
present in the site. River2D avoids problemsarfigect placement, since data are collected
uniformly across the entire site (Gard 2009). Rizealso has the potential to model depths and
velocities over a range of flows more accurategntivould PHABSIM because River2D takes
into account upstream and downstream bed topogrampthyped roughness, and explicitly uses
mechanistic processes (conservation of mass ancentam), rather than MannitsgEquation

and a velocity adjustment factor (Leclerc et aB3)9 Other advantages of River2D are that it
can explicitly handle complex hydraulics, includiimgnsverse flows, across-channel variation in
water surface elevations, and flow contractionsgesppns (Ghanem et al. 1996, Crowder and
Diplas 2000, Pasternack et al. 2004). With appatetibathymetry data, the model scale is small
enough to correspond to the scale of microhabgatdata with depths and velocities produced
on a continuous basis, rather than in discrets.c&iver2D, with compact cells, should be more
accurate than PHABSIM, with long rectangular cetis;apturing longitudinal variation in depth,
velocity and substrate. River2D should do a bétieiof representing patchy microhabitat
features, such as gravel patches. The data foedimensional modeling can be collected with a
stratified sampling scheme, with higher intenségngling in areas with more complex or more
quickly varying microhabitat features, and loweeimsity sampling in areas with uniformly
varying bed topography and uniform substrate. ®®pdgraphy and substrate mapping data can
be collected at a very low flow, with the only dateded at high flow being water surface
elevations at the up- and downstream ends of taard flow, and edge velocities for validation
purposes. In addition, alternative habitat sulitgixriteria, such as measures of habitat
diversity, can be used.

> PHABSIM is the collection of one dimensional hydi@and habitat models which can
be used to predict the relationship between phlysataitat availability and streamflow over a
range of river discharges.
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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(iFeé 2). 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 3) based onrdiifges in flow. Details on the methods used
to delineate study segments are given in U.S. &mshWildlife Service (2010).

3. Habitat Mapping

Mesohabitat mapping was performed August 11-13320this work consisted of boating
upstream from the confluence with the Feather Rwéhe upstream end of the Narrows and
hiking down from Englebright Dam to the upstreard ehthe Narrows, delineating the
mesohabitat units. Using habitat typing protoctdgeloped by the California Department of
Fish and Game (CDFG) (Snider et al. 1992), the YRibar 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 poolaflater 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.

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010



o O
D @
N —
o @D
UC Sierra P2 g—
. ’ Timbuctoo Site 5—2‘%
ammon i
Daguerre Above G Island > N
St Daguerre
Dam

Segment

Upper Daguerre Narrows
PPeisie” Diversion Hwy. 20 Rogg? Bar Site
Site ; e
Site
Lower Daguerre
Plantz -
Site Site
Whirlpool Site
Site
) Lower Hallwood
Sucker Glide Site
Site
Below Daguerre
Segment ||

'r| N T w
@ T L
= Railroad ':]_ ™
= | -4
0] Site . b,
- ks
2 "
<
D
=

0 2.5 3) 7.5 10

I I ‘Miles

Figure 3. Yuba River stream segments and rearing study sites.

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010



Table 2. Habitat type definitions.

Habitat Type Definition

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

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

Side Channel Less than 20% of total flow.

Pool 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.

Glide 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.

Run 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.

Riffle 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.

4, Field Reconnaissance and Study Site Selection

Based on the results of habitat mapping, we salasitght juvenile habitat study sites that,
together with the ten sites previously selectestudy spawning habitat (U.S. Fish and Wildlife
Service 2010), adequately represent the mesoh&pied present in each segment. The eight
new study sites were placed in mesohabitat typsisitbre not adequately represented in the ten
previously selected study sites. Mesohabitat typee considered adequately represented by at
least one mesohabitat unit of less common mesaaites and multiple mesohabitat units of
more common mesohabitat types. As a result, trehabitat composition of the study sites,
taken together, were roughly proportional to thesamabitat composition of the entire reach.
The eight new study sites were selected basedstmatiied random selection method, where we
randomly selected a habitat unit, out of all of tiaditat units of that habitat type, for each habit
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type which was not adequately represented in taesimg sites, to ensure unbiased selection of
the study sites. On August 14, 2003, we visitedpbtential study sites that had been selected
through this process to ascertain their suitabitity2-D modeling. Due to the logistical
difficulties with accessing and transporting needgdipment above a large hydraulic barrier at
the upper end of the Narrows (River Mile [RM] 22.6)e study sites were confined to
downstream of that barrier. For the sites seleftiechodeling, the landowners along both
riverbanks were identified and temporary entry pegnmvere sent, accompanied by a cover letter,
to acquire permission for entry onto their propeltying the course of the study.

5. Transect Placement (study site set-up)

Eight study sites (Figure 3) were established Déa#ri003. Whenever possible, the study site
boundaries (up- and downstream transects) weretedl& 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 hagntwled 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).

For each study site, a transect was placed atpdieaam and downstream end of the site. The
downstream transect was modeled with PHABSIM twigl®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 prted! 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 tieditical benchmarks were tied together,
using differential leveling, to achieve a level poaccuracy (ft) of at least 0.05 x (level loop
distance [mi]f°. Vertical benchmarks consisted of lag bolts driirgo trees or painted bedrock
points. In addition, horizontal benchmarks (ret@ven into the ground) were established at
each site for total station placement to servdasdference locations to which all horizontal
locations (northings and eastings) were tied wiadlecting bed topography data. The precise
northing and easting coordinates and vertical ¢élewa of two horizontal benchmarks were
established for each site by the U.S. Bureau ofdReation using real time kinematic survey-
grade differential GPS. The elevations of thesehmarks were tied into the vertical
benchmarks on our sites using differential leveli@pllection of site bed topography data
relative to these values was used primarily to Endde incorporation of bed topography data
collected for the Yuba River by the U.S. Army Cogb€ngineers using photogrammetry and
hydro-acoustic mapping.
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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 0.6(@0003 m) at a minimum of three
significantly different stream discharges usingndad surveying techniques (differential
leveling); 2) wetted streambed elevations deterthimesubtracting the measured depth from the
surveyed WSEL at a measured flow; 3) dry groundagiens to points above bankfull discharge
surveyed to the nearest 0.1 foot (0.031 m); 4) mester column velocities measured at a mid-
to-high-range flow at the points where bed elevetiovere taken; and 5) substfaaed cover
classification at these same locations (Tablesd45arand also where dry ground elevations were
surveyed.

When conditions allowed, WSELs were measured albartly banks and in the middle of each
transect. Otherwise, the WSELs were measured &otigbanks. If the WSELs measured for a
transect were within 0.1 foot (0.031 m) of eacheotthe WSELSs at each transect were then
derived by averaging the two to three valueshdfWSEL differed by greater than 0.1 foot
(0.031 m), the WSEL for the transect was selectsg:t on which side of the transect we
considered most representative of the flow conaigio

Depth and velocity measurements in portions otituesects with depths greater than 3 feet
(0.91 meters) were made with a RD Instrum%BllS)ad-Band_Aoustic_D)ppIer _Qurrent Rofiler
(ADCP)* mounted on a boat, while depths and velocity memsents in shallower areas were
made by wading with a wading rod equipped with asiaVicBirney’ model 2000 or Price AA
velocity meter until the water became sufficierttep to operate the ADCP (approximately 3
feet [0.91 meters]). The ADCP settings used aosvehn Table 6. The distance intervals of
each depth and velocity measurement from the heawgailpin were measured using a hand
held laser range finder At the location of the last depth and velocitgasurement made while
wading, a buoy was placed to serve as a startimg foo the ADCP. The boat was then
positioned so that the ADCP started operationebtioy, and water depth and velocity data
were collected across the transect up to the lmcatear the opposite bank where water depths of
approximately 3 feet (0.91 meters) were reachedhudy was placed at the location where
ADCP operation ceased and the procedure used fasuriag depths and velocities in shallow
water was repeated until the far bank water’s edagereached. Additional details on the ADCP
operation are given in Gard and Ballard (2003).

3 Substrate was only used to calculate bed roughness.

* 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 measunésneere also measured using the
hand held laser range finder.
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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% + 1.5 cm/s
Price AA Velocity +6% at 7.6 cm/s to
+1.5% at vel > 46 cm/s

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

Total Station Angle 4 sec

Electronic Distance Meter Slope Distance 1.5cm
Autolevel Elevation 0.3cm
GPS Horizontal Location 3-7m

Table 4. Substrate codes, descriptors and particle sizes.

Code Type Particle Size (inches)
0.1 Sand/Silt <0.1(0.25cm)

1 Small Gravel 0.1-1(0.25-2.5cm)
1.2 Medium Gravel 1-2(2.5-5cm)
1.3 Medium/Large Gravel 1-3(2.5-75cm)
2.3 Large Gravel 2-3(B-75cm)
2.4 Gravel/Cobble 2—-4(5-10cm)
3.4 Small Cobble 3-4(7.5-10cm)
3.5 Small Cobble 3-5(7.5-12.5cm)
4.6 Medium Cobble 4-6(10-15cm)
6.8 Large Cobble 6 —8 (15—-20cm)

8 Large Cobble 8 - 10 (20 - 25 cm)

9 Boulder/Bedrock >12 (30 cm)

10 Large Cobble 10-12 (25-30cm)
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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

Substrate and cover classification was accomplisisety underwater video equipment along the
deepwater portion of the transects (generally tlawsas with depths greater than 10 feet [3.05
meters]) and visually in shallow water. The undsew video equipment consists of two
waterproof remote cameras mounted on an aluminamefrwith two 30-pound lead bombs.
One camera was mounted facing forward, depressed%it angle from the horizontal, and the
second camera was mounted such that it faced Igicemt/n at a 90° angle from the horizontal.
The camera mounted at a 45° angle was used fanglisthing changes in substrate size and
cover types, while the camera mounted at 90° wed fa assessing substrate size and cover
type. The frame is attached to a cable/winch asbgmvhile a separate cable from the remote
cameras is connected to two TV monitors on the.b®hae two monitors are used by the winch
operator to distinguish changes in substrate sidecaver type and determine the substrate size
and covetype. The substrate and cover were visually asddsgone observer based on a
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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 (m) Cell (m)
D45D 8 20 30 7.9 4 5 0.59 20
MDS8A 8 20 15 7.9 4 5 0.49 10
MD4H 4 20 50 15.8 4 5 0.56 10
MD4G 4 20 50 11.9 4 5 0.56 10
MD4C 4 10 30 7.9 4 5 0.46 10
MD4A 4 20 15 7.9 4 5 0.56 10
MD1D 1 10 60 7.9 10 5 0.57 10
DF 1 20 40 7.9 5 0.37 10
VS 1 20 100 20.1 4 5 0.40 10

visually-estimated average of multiple grains (gsincalibrated gridon the monitor connected
to the 90° camera) for the dominant particle saege for substrate (e.g., range of 2-4 inches)
and for cover type. The substrate sizes and dgpes were directly visually assessed by one
observer based on a mental average of multiplegyr&iom the headpin or tailpin to the location
along the transect where the water became toofdeégprther direct visual assessment. At each
change in substrate size class or cover type,ist@te from the headpin or tailpin was
measured using a hand held laser range finderuok tvas placed at the location where direct
visual assessment stopped and assessment fropothatvas continued across the transect by
boat using the video camera assembly, with theudigis where substrate size or cover type
changed again measured with the hand held lasge faxder. A buoy was again dropped at the
location along the transect near the opposite shhbhezxe substrate and cover could be directly
visually assessed. The substrate and cover ogeethaining distance from the buoy to the end

® A traverse refers to a set of data collected éavkthe ADCP is driven across the
channel.

" The grid was calibrated so that, when the camaradrwas 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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of the transect was assessed using the same metiabds used on the opposite bank.
Additional details on the underwater video equiptgreration 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 3 feet or 0.91 ns@tdred elevation and horizontal location of
individual points were obtained with a total stafjovhile the cover and substrate were visually
assessed by one observer based on a mental aeéragéiple grains at each point; and 2) in
portions of the site with depths greater than 8 @®1 meters), the ADCP was used in concert
with the total station to obtain bed elevation aondzontal location. Specifically, the ADCP was
run across the channel at 50 to 150-foot (15 tofitntervals, with the initial and final

horizontal location of each run measured by thal &tation. The WSEL of each ADCP run was
measured with the level before starting the ruhe WSEL of each run was then used together
with the depths from the ADCP to determine the délegtation of each point along the run. For
sites where there was no U.S. Army Corps of Enggesv hydroacoustic data upstream of the
site, we collected a limited amount of ADCP traeedata upstream of the site to use for the
upstream extension or used a one-channel-widtiicatiextension 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 elevatioretnseswere marked with buoys prior to the

ADCP traverses. The deep substrate and covemameacollected immediately following the
completion of the deep bed elevation data colledio 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 1Q3c@5 meters)) portions of the traverses, the
underwater video and hand held laser range fineee When used to determine the substrate and
cover along each traverse, so that substrate aret galues could be assigned to each point of
the traverse. In shallower portions of the tragsyshe substrate and cover were assessed by one
observer based on the visually-estimated averageutiiple grains at each point.

Velocities at each point measured by the ADCP weesl to validate the 2-D model for deep
areas within a site. To validate the velocitiesdicted 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

8 A total station is an electronic/optical instrumesed in modern surveying. The total
station is an electronic theodolite (transit) imeggd with an electronic distance meter (EDM) to
read distances from the instrument to a partiquiémt. Data from the total station consists of
the horizontal angle, vertical angle and slopeadist to each point.
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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 transectsl@pths of approximately 3 feet (0.91
meters) or less where the ADCP could not be utlliwere also used to validate 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 transectegalWwhis 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 deéedecurately calibrate the water surface
elevations on the downstream transect, this SZRdrihalweg 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 statiomhrere 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
foot/s (0.31 m/s) for each ADCP data set. Basedata collected using a Price AA velocity

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

19 RHABSIM is a commercially produced software (Pagne Associates 1998) that
incorporates the modeling procedures used in PHMBSI

' n - 1 refers to the station immediately beforeistan and n + 1 refers to the station
immediately after station n.
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meter on the Lower American River, the acceptadnhge of R was set at 0.5-1.6. All verticals
with R values less than 0.5 or greater than 1.@wefeted from each ADCP data set. We also
deleted velocities where \{glas less than 1.00 ft/s (0.305 m/s) and,Yehd Ve}.; were

greater than 2.00 feet/s (0.610 m/s), and whergh&el one sign (negative or positive) and,\el
and Ve}.1 had the opposite sign (when the absolute valadl tiiree velocities were greater than
1.00 ft/s [0.305 m/s]); these criteria were alsseduhon the Lower American River data set. The
traverse for each transect which had the flow cibgethe gaged flow, determined from U.S.
Geological Survey gage readings, was selecteds®iruthe PHABSIM files. Flows were
calculated for each ADCP traverse, including thia dallected 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 désgfiow 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 PHABSIiM was constructed for each study site.
A total of four or five sets of measured WSELs weased, all being checked as a quality control
check to ensure that the WSELs from the upstreans#éct were greater than the WSELs from
the downstream transect. The slope for each tcamses computed for each WSEL flow as the
difference in WSELs between the two transects ewidy the distance between the two. The
slope used for each transect was calculated bygwey the slopes computed for each flow. If
WSELSs were available for several closely spacedd|dhe WSEL that corresponded with the
velocity set or the WSEL collected at the lowestflwas 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 fllmwshe dates that the site flows were measured.
The regressions were developed from three or fetsraf 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
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).

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

17



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 relationshipbiese 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 caladile@esus measured discharges is less than
10%; 3) there is no more than a 25% differencefyr calculated versus measured discharge;
and 4) there is no more than a 0.1 foot (0.031iffgrénce between measured and simulated
WSELS? MANSQ is considered to have worked well if the secomduh fourth of the above
criteria are met, and if the beta value parameted bbyMANSQ is within the range of O to 0.5.
The firstIFG4 criterion is not applicable tIANSQ. WSP is considered to have worked well if
the following criteria are met: 1) the Manning'salue used falls within the range of 0.04 - 0.07;
2) there is a negative log-log relationship betwienreach multiplier and flow; and 3) there is
no more than a 0.1 foot (0.031 m) difference betweeasured and simulated WSELs. The first
threelFG4 criteria are not applicable W3P. For sites located within the backwater effedts o
the Feather River, we used a modificatiomFe®4 with a log-log linear rating curve calculated
from a multiple regression of WSELSs versus both & &wer and Feather River flows. We
considered the multiple regression to work wethére is no more than a 0.1 foot (0.031 meters)
difference between measured and simulated WSEbssites that we were not able to calibrate
with any of the three PHABSIM models, we used aerahtive downstream boundary condition
in River2D, as discussed below under River2D Mdckdibration.

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.

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 th€R traverses made to characterize the bed

12 The first three criteria are from U.S. Fish and e Service (1994), while the fourth
criterion is our own.
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topography of the sites between the transectsifrtito the 2-D model were processed for input
into an Excel spreadsheet in the same manner Hedabove for the ADCP data on the
transects. We applied the same quality criterideovelocities 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 filesi(had 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 (0.31 m) horizoatal 0.1 foot (0.031 m) vertical, while the
accuracy of the photogrammetry data were 3 fe@f.(th) horizontal and 1 foot (0.31 m) vertical
(Scott Stonestreet, U.S. Army Corps of Engineegssgnal communication). We used the raw
hydroacoustic data and the 2-foot (0.61 m) conphwatogrammetry data. We used the U.S.
Army Corps of Engineers data to develop the beddmphy upstream of most study sites to
improve the accuracy of the flow distribution at thpstream end of the sites. Using this data,
we extended the bed topography at least one aalt alannel widths upstream of the upstream
transect. For sites where the upstream transextogated near the upstream end of a split
channel, we added an artificial extension one celawrdth-long upstream of the top of the site
to enable the flow to be distributed by the modeéw it reached the study area, thus minimizing
the influence of boundary conditions on the flowtdbution at the upstream transect and within
the study site. For sites where there was no A8y Corps of Engineers raw hydroacoustic
data upstream of the site, we used the limited atnoUADCP traverse data collected upstream
of the site to develop the upstream extension. skes where we added a downstream extension
to improve velocity simulations, we also extendeel bed topography downstream of the
downstream transect approximately one channel wislitng the U.S. Army Corps of Engineers
raw hydroacoustic data.

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 ihiieed roughness value for each point was
determined from the substrate and cover codeh&bmtoint and the corresponding bed
roughness values in Table 7 with the bed roughwas® computed as the sum of the substrate
bed roughness value and the cover bed roughness. veihe bed roughness values for substrate
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Table 7. Initial bed roughness values.

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
2.4 0.4 4 0.62
3.4 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 0.05,0.76, 2 9 0.29
10 1.4 9.7 0.57
10 3.05

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 represensaimple of cover elements of each cover-
type. The bed and cover files were exported fromeEas ASCII files.

13 For substrate code 9, we used bed roughnesseg6o&ifd 2, respectively, for cover
codes 1 and 2, and a bed roughness of 0.05 fotred cover codes. The bed roughness value
for cover code 1 (cobble) was estimated as fivesithe assumed average size of cobble (6
inches [0.15 m]). The bed roughness values foecowde 2 (boulder) was estimated as five
times the assumed median size of boulders (1.3[fkdtm]). Bed roughnesses of zero were
used for cover codes 1 and 2 for all other sulestratles, since the roughness associated with the
cover was included in the substrate roughness.

14 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).
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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 breaklings
going up the channel along features such as thalwegs of bars and bottoms of banks. The
first step in refining the TIN was to conduct a lifyaassurance/quality control process,
consisting of a point-by-point inspection to elimta quantitatively wrong points, and a
qualitative process where we checked the featurestucted in the TIN against aerial
photographs to make sure we had represented lansliworrectly. Breaklines were also added
along lines of constant elevation.

An additional utility program, R2D_MESH (Waddle a8teffler 2002), was used to define the
inflow and outflow boundaries to improve the fitlWween the mesh and the final bed file and to
improve the quality of the mesh, as measured b@iaity Index (QI) value. The Qlis a
measure of how much the least equilateral meshegiedeviates from an equilateral triangle.
An ideal mesh (all equilateral triangles) would @éavQl of 1.0. A QI value of at least 0.2 is
considered acceptable (Waddle and Steffler 200%).fihal step with the R2D_MESH software
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 WSSEILhe 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 teimulated, 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 wettgn 0.1 foot (0.031 m) of the WSEL
predicted by PHABSIM. In cases where the simul&&ELs at the highest simulation flow
varied across the channel by more than 0.1 fo68(0m), we used the highest measured flow
within the range of simulated flows for River2Dibahtion. The bed roughnesses of the
computational mesh elements were then modified biyiptying them by a constant bed
roughness multiplier (BR Mult) until the WSELSs pretéd by River2D at the upstream end of
the site matched the WSELs predicted by PHABSINhattop transect. The minimum
groundwater depth, used by the model to deterniinedes are wet (surface water) or dry

15 Breaklines are a feature of the R2D_Bed progranchvforce the TIN of the bed
nodes to linearly interpolate bed elevation andrhoeghness values between the nodes on each
breakline and force the TIN to fall on the brea&sr(Steffler 2002).
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(groundwater), was adjusted to a value of 0.05 mdrease the stability of the model. The
values of all other River2D hydraulic parameterseneft at their default values (upwinding
coefficient = 0.5, groundwater transmissivity =,@foundwater storativity = 1, and eddy
viscosity parameters = 0.01,¢, = 0.5 and; = 0.1)'°,

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@libthe 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.

An additional step was needed for sites with a dsiregam extension to develop a relationship
between the WSEL at the downstream boundary and/®EL predicted by PHABSIM at the
downstream transect for the simulation flows. $uxch sites, we tried different WSELSs for the
downstream boundary at the highest simulation floai we found a WSEL for the downstream
boundary that resulted in a WSEL predicted by RIZBERat the downstream transect which
matched the WSEL predicted by PHABSIM for the dotneesm transect. The same process was
repeated at the lowest simulation flow and an mestiate simulation flow, with the WSEL
predicted by RIVER2D at the downstream transectgaoed to the WSEL predicted by
PHABSIM at the downstream transect for these twwdl. We then developed a linear
relationship between flow and the difference betwthe WSEL specified at the downstream
boundary and the WSEL at the downstream transsicty the data from these three flows. This
relationship was then used to determine what ttractofrom the WSEL predicted by PHABSIM
at the downstream transect for each simulation flogenerate the WSEL to be used for the
downstream boundary for each simulation flow.

16 Exceptions to this are given in the results.
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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 dhe
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. A correlatio®.&fto 1.0 is considered to have a large effect
(Cohen 1992). The model would be in questionefgshmulated velocities deviated from the
measured velocities to the extent that the corosldietween measured and simulated velocities
fell below 0.6.

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.

7 Solution change is the relative overall changd@solution variables over the latest
time step (Steffler and Blackburn 2002).

18 Maximum Froude number refers to the highest Feausmber 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).

19 We have selected this standard because it @ndatd used by the U.S. Fish and
Wildlife Service for PHABSIM (U. S. Fish and Wilé# Service 2000).
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8. Habitat Quitability Criteria (HSC) Data Collection

Habitat suitability criteria (HSC) are used wittdfD 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.

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).

20 Adjacent velocity can be an important habitat ualgaas 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 where the \tgla@s the highest within 2 feet (0.61
meters) on either side of the residence locatibmo feet (0.61 meters) was selected based on a
mechanism of turbulent mixing transporting inversbé drift from fast-water areas to adjacent
slow-water areas where fry and juvenile salmonsiadlhead/rainbow trout reside, taking into
account that the size of turbulent eddies is apprately one-half of the mean river depth (Terry
Waddle, USGS, personal communication), and assuthatghe mean depth of the Yuba River
is around 4 feet (1.22 meters) (i.e., 4 feet x Zfeet).
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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 {0.15 to 3.05 m) by 0.5 foot (0.15 m)
increments, with the values produced by a randomb@u generator. In areas where we were
able to sample up to 20 feet (6.10 m) from the bamkdoubled the above distances.

When conducting snorkel surveys adjacent to th&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 codé and the number of individuals observed in eac2@0rm 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
[91 m]) was also recorded. The cover coding systeed is shown in Table 5.

A 300-foot-long (91 m) tape was put out with ond anthe location where the snorkeler
finished and the other end where the snorkelerrbedaree people went up the tape, one with a
stadia rod and data book and the other two withingabds and velocity meters. At every 20-
foot (6 m) interval along the tape, the person whih stadia rod measured out the distance from
the bank given in the data book. If there wagyantidhin 3 feet (0.91 m) of the location, “tag
within 3” was recorded on that line in the datalbaad the people proceeded to the next 20-foot
(6 m) mark on the tape, using the distance fronbtrk on the next line. If the location was
beyond the sampling distance, based on the infeomat¢corded by the snorkeler, “beyond
sampling distand® was recorded on that line and the recorder weftié next line at that same
location, repeating until reaching a line with atdnce from the bank within the sampling
distance. If there was no tag within 3 feet ((n®lof that location, one of the people with the
wading rod measured the depth, velocity, adjaceluicity and cover at that non-use location.
Depth was recorded to the nearest 0.1 ft (0.03&nd)average water column velocity and
adjacent velocity were recorded to the nearestf/910.003 m/s). Another individual retrieved
the tags, measured the depth and mean water coleloeity at the tag location, measured the
adjacent velocity for the location, and recordezldhta for each tag number. Data taken by the
snorkeler and the measurer were combined for egrlotation.

21 If there was no cover elements (as defined in Tapleithin 1 foot (0.30 meters)
horizontally of the fish location, the cover codass.1 (no cover).

22 Beyond sampling distance refers to the distancéromt the bank that the snorkeler
was able to sample for fish. For example, for nodshe 300 feet (91 m) of bank sampled, the
snorkeler may have been able to look for fish upldeet (6 m) out from the bank, but there
may have been a short portion of the bank where talfast and deep conditions, the snorkeler
had to hug the bank and thus was only able to @deet (3 m) out from the bank. In such a
location, an unoccupied measurement that was spee$, for example, 20 feet (6 m) from the
bank, would have been denoted as “beyond sampistgnde” in the databook.

USFWS, SFWO, Energy Planning and Instream Flow &ran

Yuba River Rearing Report
October 8, 2010

25



These procedures were modified for several pefiddsember - 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 (15-30 m) afn@y the bank, looking for salmonids
greater than 60 mm SL, until we reached the dowastrend of the next habitat unit downstream
of the first habitat unit, and repeat this procéag would continuously snorkel both banks of
the Yuba River, going upstream, until we saw sali®mgreater than 60 mm SL. At that point,
we would drop a tag at the fish location and putl®0 feet (30 m) of tape, roughly centered on
the location of the tag. We would then collect eowpied observations, as described above, at
every 20 feet (6 m) along the tape. With the eiogf the 100-foot (30 m) reaches in which
unoccupied observations were collected, the oniyrddhat was recorded was the total length of
each habitat unit sampled. During these perictapiing away from the bank was limited to
floating back down through habitat units, exceptdoe SCUBA survey conducted in August 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 sedbased 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 (0.91 meters) before the latatidthe observation and started again 3 feet
(0.91 meters) after the location of the observatimr each occupied location, individuals in the
boat retrieved each buoy and measured the watecityebnd depth over that location with the
ADCP, making at least 12 observations. For eatbfs#ata collected using the ADCP for a
juvenile fish observation, the depth and velocitgraged from the observations are considered
the depth and velocity, while the highest mean mat&imn velocity is considered the adjacent
velocity. The ADCP was turned off at the locationase the dive ended.
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9. Biological Verification Data Collection

Biological verification data were collected to tdst 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 one-tailed Mann-Whitigyest (Gard 2006, Gard 2009, McHugh and
Budy 2004).

10. Habitat Suitability Criteria (HSC) Devel opment

It is well-established in the literature (Knapp dheisler 1999, Parasiewicz 1999, Geist et al.
2000, Guay et al. 2000, Tiffan et al. 2002, McHagll Budy 2004) that logistic regressions are
appropriate for developing habitat suitability eria. 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 deya#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 assignedalltof 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: dbpth-averaged velocity at the location
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immediately prior to the unoccupied location, tlepith-averaged velocity at the unoccupied
location, and the depth-averaged velocity at tieation immediately after the unoccupied
location.

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, weeansidering all YOY classified by the race
table as fall-run to be some combination of spend fall-run (hereafter referred to as
fall/spring-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 ensure that each location was only sanguled at the same 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 dep#peity 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 diffeesnn cover, for fry and juveniles. We used
nonparametric tests because the data was not ngmisftibuted. Mann-Whitney U tests are
generally used for continuous variables, such pthdeelocity and adjacent velocity, while
Pearson’s test for association is generally useddtegorical variables, such as cover.

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 occupiedwsmmtcupied 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 setS® 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).
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Suitability classifications for depth, mean wateluenn velocity, adjacent velocity, and cover for
the Sacramento River Chinook salmon rearing caterre determined as follows. The
optimum range for a variable was defined as therwial encompassing suitabilities greater than
0.75 for the Sacramento River criteria. The sl&abnge for a variable was defined as the
interval containing suitabilities greater than?d.1Thus, the useable range for a variable
encompassed the interval between suitabilitiesbi@d 0.75, and the unsuitable range was
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 versushlseaunts. Test statistics were then
calculated from each table using the test statistione-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 satmtamia did not transfer to Yuba River
salmonids, we developed the Yuba River criteriagiduba River data of less than 150
observation¥. For cases where the Sacramento River Chinookosatlid 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 dependeaiable 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 =  mmmmomommm oo 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

23 The derivation of the 0.75 and 0.1 values ismiveU.S. Fish and Wildlife Service
(1997).

24 In this circumstance, this was the only option \ad tb develop criteria.
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from the regression equation, and the regressiaremeated. The results of the regression
equations were rescaled so that the highest vélsgitability was 1.0. The resulting HSC were
modified by truncating at the slowest/shallowest deepest/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 fastemtveblsvelocity had an Sl value of zero; and
eliminating points where interpolation from retain@ints resulted in the same HSI value at the
eliminated point.

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 (1+J*V+ KW+ L*V3i+M*Vi+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 .

To evaluate whether we spent equal effort samplnegs with and without woody cover, we
have developed two different groups of cover cdmbesed on snorkel surveys we conducted on
the Sacramento River: Cover Group 1 (cover codgsA34.7, 5.7, 7 and 9.7), and Cover Group
0 (all other cover codes). In U.S. Fish and Wiibervice (2005), which describes the
derivation of these two cover groups, we had adeekshe 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
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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 peragata occupied locations (number of occupied
locations / (humber of occupied locations + nunddarnoccupied locations)) for each category
of the independent variable.

The first step in the development of the covereddt 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 plngccupied) of two or fewer observations. We
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 HBI for cover codes that had a total of
two or fewer observations was determined baseti@sSacramento River cover criteria.

11. Biological Verification

We determined the combined habitat suitability pred by River2D at each fry and juvenile
observation location in the sites where fall/sping 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 siteslie dates that the biological verification data
were collected. We used the horizontal locatiomsneed 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
one-tailed Mann-Whitney U tests (Zar 1984) to datae whether the combined suitability
predicted by River2D was higher at locations whHeyer juveniles were present versus
locations where fry or juveniles were absent.

12. Habitat Smulation

The final step was to simulate available habitaefich site. Preference curve files were created
containing the digitized fry and juvenile rearin@@ developed for the Yuba River fall/spring-
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 resultingadaére exported into a comma-delimited file for
each flow, species, life stage, and each mesoh&ygi@ present in each site. These files were
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then run through a GIS post-processing softWaoeincorporate 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)

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 unibf habitat typethat was modeled in that segment.

RESULTS
1. Study Segment Delineation

We established one segment between Englebright(Daen mile 24.1) and Daguerre Point
Dam (river mile 11.4) (hereafter termed Above Dagei&egment) and a second segment
between Daguerre Point Dam and the confluencetivgli-eather River at Marysville (hereafter
termed river mile 0) (Below Daguerre Segment). dideton the results of the study segment
delineation are given in U.S. Fish and Wildlife Bee (2010).

2. Habitat Mapping

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

3. Field Reconnaissance and Study Ste Selection

The reconnaissance work narrowed the list of pa@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 Glided&tailroad. Three of the new juvenile

* 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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Table 8. Yuba River mesohabitat mapping results by segment.

Mesohabitat Type Upstream of Daguerre ~ Downstream of Daguerre 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 1.4 2
Cascade (C) 11 1 0 0

rearing study sites were located between the Naraowl Daguerre Point Dam (Narrows,
Rosebar, and Diversion) and the remaining five i@rated downstream of Daguerre Point Dam
between Daguerre Point Dam and the confluencetivgi-eather River (Lower Hallwood,
Whirlpool, Side Channel, Sucker Glide, and Railjoatihe mesohabitat composition of the
study sites versus the entire segments are givéabte 10.
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Table 9. Sites selected for modeling fall/spring-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 Daguerre Below BCRu(2), BCRi
Lower Daguerre 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

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 (198 meters) downstoédine top of the Flat Water Run because
of the presence of a large cascade at that locafibe Rosebar upstream transect was moved
200 feet (61 meters) upstream of the top of theét&iabnit and the downstream transect was
moved 585 feet (178 meters) downstream of the bottownstream of the bottom of the habitat
unit to locations where the hydraulic conditiong@vmore favorable (e.g., more linear direction
of flow, more consistent water surface elevationafbank to bank). The Whirlpool upstream
transect was moved 430 feet (131 meters) upstréaine eop of the unit to a location where the
hydraulic conditions were more favorable. The Wiuiol downstream transect was moved 140
feet (43 meters) upstream of the bottom of the tarkteep the study site within the confines of
the smaller channel of the split channel that wasgnt in this area of the river. The Side-
Channel site upstream transect was moved upstrédee8(11 meters) from the top of the Side-
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Table 10. Yuba River segment and study site mesohabitat composition (percent area).

Mesohabitat Type Upstream of Daguerre ~ Downstream of Daguerre Point

Point Dam Dam

Segment Sites Segment Sites
Bar Complex Riffle (BCRi) 5.6% 7.0% 7.7% 16.4%
Bar Complex Run (BCRU) 48,39 31.4% 30.9% 51.8%
Bar Complex Glide (BCG) 14,80 24.1% 29.5% 18.6%
Bar Complex Pool (BCP) 12.2% 11.3% 9.8% 2.4%
Flat Water Riffle (FWRI) 0.1% 0 0 0
Flat Water Run (FWRu) 3.7% 2 204 0.5% 1.1%
Flat Water Glide (FWG) 1.4% 0 6.0% 6.1%
Flat Water Pool (FWP) 6.0% 10.1% 14.2% 2.4%
Side Channel Riffle (SCRi) 1.2% 3.2% 0.1% 0
Side Channel Run (SCRu) 3.6% 8.5% 0.9% 1.0%
Side Channel Glide (SCG) 0.4% 0.2% 0.2% 0
Side Channel Pool (SCP) 2.6% 2 0% 0.1% 0.3%
Cascade (C) 0.1% 0 0 0

Channel Run and the downstream transect was mdvézk8(26 meters) of the Side-Channel
Pool. In both cases, the transects were movedaoation where the hydraulic conditions were
more favorable. The Railroad upstream transectia@ged 165 feet (50 meters) upstream of the
top of the habitat unit. This transect was alsov@adao a location where the hydraulic conditions
were more favorable.
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4. Hydraulic and Sructural Habitat Data Collection

All sites met the standard for level loops (Tallg. 1Water surface elevations were measured at
high (2,908-3,270 cfs), medium (1,220-2,036 cfg) v (516-970 cfs) flows for the eight study
sites. The number and density of the points cteéor each site is given in Table 12 and
shown in Appendix C. There were no U.S. Army CarpEngineers raw hydroacoustic data
upstream of the Narrows or Side Channel sitesa fesult, we collected five ADCP traverses
within the first 160 feet (48.77 meters) upstredrthe Narrows site for use as the upstream
extension, and used a one-channel-width artifexé¢nsion upstream of the Side Channel site.

5. Hydraulic Model Construction and Calibration
5.1. PHABSIM WSEL Calibration

The gaged calibration flows, determined from U.8ol8gical Survey (USGS) gage readifigs

are given in Table 13, and the ADCP traverses tldor use in PHABSIM files are shown in
Table 14. The flow/flow regressions used for Dsien, Whirlpool and Side-Channel sites are
given in Table 15. Calibration flows for DiversidWhirlpool, and Side-Channel sitg&able

16) were computed from the total discharge in TaBlend the appropriate regression equation
in Table 15. A total of four sets (Narrow®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 (2010) 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 f&88(meters) between the right bank and left
bank WSELs. The WSELSs were selected based on vgidehappeared to be most representative
for the transects at those flows. In the casé®lbwer Hallwood downstream transect, we
could only meet th&~G4 criteria with the upper three flows.

The Side-Channel site transects could not be eaédrwithlFG4 or MANSQ. This was
apparently due to changing backwater effects frdsmaaver dam occurring between collection of
WSELs on January 18 and February 24 in 2004. fithéeince of this beaver dam changed over
the course of the study as the result of a high #gent that occurred on February 18, 2004,

%6 For the Above Daguerre Segment, we used the suhedfows from the Smartville
(USGS gage number 11418000) and Deer Creek (USGSmganber 11418500) gages. For the
Below Daguerre Segment, we used the Marysville §d§&S gage number 11421000).
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Table 11. Level loop error results.

Level loop error (ft)

Site Name Level Loop Distance (mi)  Allowable error Actual error
Narrows 0.760 (1.216 km) 0.04 (0.012 m) 0.03 (0.009 m)
Rose Bar 0.427 (0.684 km) 0.03 (0.009 m) 0.02 (0.006 m)
Diversion 0.465 (0.744 km) 0.03 (0.009 m) 0.00 (0.00 m)

Lower Hallwood 0.765 (1.224 km) 0.04 (0.012 m) 0.01 (0.003 m)
Whirlpool 0.312 (0.500 km) 0.03 (0.009 m) 0.00 (0.00 m)

Side-Channel Not measured Unknown Unknown?’

Sucker Glide 0.231 (0.370 km) 0.02 (0.006 m) 0.00 (0.00 m)
Railroad Not measured Unknown 0.00 (0.00 m)

Table 12. 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  Points Between  Points Between  Number of  Density of
of Points Transects Transects Points Points
on Collected with Collected with Between (pomtg/
Transect Total Station ADCP Transects 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 72 1,840 149 94 4.34
Hallwood
Whirlpool 76 1,020 35 66 7.67
Side- 66 659 38 27.80
Channel
Sucker 58 522 308 147 7.39
Glide
Railroad 67 307 150 29 6.36

>’ There was no level loop for this site because #réoal benchmarks were tied together with
one backsight and one foresight.
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Table 13. 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 14. 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 15. 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 16. 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

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 calibratedgigtG4 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 thahezeRiver. As a result, we needed to develop
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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 Riversife 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 WSktfered from the measured WSELs by a
maximum of 0.11 feet (0.03 meters) (Appendix D).

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 accejgabnge 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 Model Construction

For the Narrows site, we extended the bed topogrdptvnstream of the downstream transect
approximately one channel width. We did this t@rove the velocity simulation for the

Narrows site. The bed topography for each siglhavn in Appendix F. The meshes for all sites
had QI values of at least 0.30, meeting the cateaf having a QI value of at least 0.2
(Appendix G). The percentage of the original bedes for which the meshes differed by less
than 0.1 foot (0.031 m) from the elevation of thigioal bed nodes ranged from 72% to 95%
(Appendix G). The average mesh resolution wasades/m.

5.3. River2D Modd Calibration

Calibration was conducted at the highest simulafliom, 4,500 cfs (127.4 ffs), for Narrows,
Rosebar, Lower Hallwood, and Railrosites. In the cases of Diversion and Sucker Gligke,
used the highest measured flow within the rangamtilated flows because the simulated
WSELs at the highest simulation flow of 4,500 césied across the channel by more than 0.1
foot (0.031 m), thus resulting in the River2D siated WSELSs differing from the PHABSIM

%8 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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simulated WSELSs by more than 0.1 foot (0.031 mijveBsion site at the highest measured flow
had WSELSs on the two banks that differed by moaa th.1 foot (0.031 m). Side-Channel site
was calibrated at the highest measured flow withérange of simulated flows because we were
unable to develop stage-discharge relationshipghisrsite using PHABSIM. For this site, we
used the depth-unit discharge relationship boundangition for the downstream 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 thand#h the exception of Railroad site (Appendix
G). The calibrated cdg file for all study sitesthathe exception of Diversion, Sucker Glide, and
Railroad, had a maximum Froude Number greater th@ppendix G). Six of the eight study
sites had calibrated cdg files within 0.1 foot @LGn) of the PHABSIM or measured WSELSs
(for those sites using the WSEL for the highestsuead flow within the range of simulation
flows). Narrows and Lower Hallwood had maximum W.Sklues that exceeded the 0.1 foot
(0.031 m) criterion but Lower Hallwood had aver&g8ELs that were well within that criterion
value (Appendix G). In the case of Lower Hallwaiade, the WSELS next to the locations of the
left and right banks within the model were all witlhe 0.1 foot (0.031 m) criterion value.
However, in the case of Narrows, the WSELs nextédocations of the left bank within the
model were within the 0.1 foot (0.031 m) criteriadue, but exceeded that criterion value next
to the right bank.

5.4. River2D Modd Veocity Validation

The correlation between predicted and measurediviel® 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 originaldmgulic models for Narrows, Sucker Glide, and
Railroad sites, since the correlation values weresiderably less than 0.6. For these three sites,
we tried adding a downstream extension to seenibitld improve the velocity simulation. The
downstream extension resulted in a substantiattgbeelocity simulation for the Narrows site
(correlation of 0.65), as compared to this sitdhailt a downstream extension (correlation of
0.42). For Sucker Glide and Railroad sites, therdddream extensions resulted in a slightly
worse velocity simulation (correlations of 0.471dh40, respectively), as compared to these
sites without downstream extensions (correlatidrs475 and 0.45, respectively). Accordingly,
we did not use downstream extensions for thesesii®s. As a result, the models for these sites
are in question.
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In general, the simulated and measured cross-cheeloeity profiles at the upstream and
downstream transects (Appendi&’Hwere relatively similar in shape. Unless notée,

simulated velocities for the eight sitesre relatively similar to the measured velocifmsthe
transects and deep bed ADCP traverses, with sdifieeetices in magnitude that fall within the
range of variation in the ADCP velocity measureraerRlease note that for the sites where deep
traverses were performed, there is a map in Appdrdhat displays the locations of the
transects and deep bed traverses. This map fotloavgures showing the velocity profiles for
each transect.

In the case of the Side-Channel downstream (XSd uastream (XS2) transects, River2D
under-predicted the velocities across most of Hanel and over-predicted the velocities on the
north side of the channel. For the Whirlpool dowestn transect, River2D under-predicted the
velocities toward the west side of the channel@ret-predicted the velocities for the upstream
(XS2) transect on the south side of the channel.

River2D over or under-predicted the velocities ae or both sides of the channel for the
following deep bed: Narrows Deep Beds A-G, |, J, M, N, Q-U, W, X-ABD-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, @G, H, M, and N; and Railroad Deep
Beds A-H (Appendix H).

5.5. River2D Modd 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 Daguerre 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
sites in the Below Daguerre SegniéntThe lowest simulated flow for the Above Daguerre
Segment was 40% of the lowest measured flow. ®Wwedt simulated flow for the Below
Daguerre 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 Salof less than 0.00001, but the net Q was greater 186 for 7

?9Velocities were plotted versus easting for trarséwt were oriented primarily east-
west, while velocities were plotted versus northimgtransects that were primarily north-south.

%0 Deep beds refers to the data collected wittADEP between the transects.

31 The lowest simulation flow for Whirlpool site w&60 cfs and the lowest simulation
flow for Side-Channel site was 900 cfs becauseethes no flow in these sites for total Yuba
River flows less than the above flows.
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flows for Narrows, 1 flow for Lower Hallwood, 10cflvs for Side-Channel, 11 flows for Sucker
Glide, and 4 flows for Railroad (Appendix J). Tim@ximum Froude Number exceeded one for
all of the simulated flows for Rosebar, Side-Chan8acker Glide, and Railroad sites. The
maximum Froude Number exceeded one for 29 outeo8€hsimulated flows for Narrows, 11
out of 30 simulated flows for Diversion, 23 out3ff simulated flows for Lower Hallwood, and
15 out 28 simulated flows for Whirlpool (Appendix J

6. Habitat Quitability Criteria Data Collection

The sampling dates and Yuba River flows are showiable 17. We collected 469
measurements of cover and 468 measurements of, defwity 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 folfthere 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 18 sana®s the number of feet of different
mesohabitat types sampled and Table 19 summaheasumber of feet of different cover types
sampled. We snorkeled upstream through an addItRin6 miles (34.8 kilometers) of near-
bank habitat and downstream through 6.9 miles (kiloineters) of mid-channel habitat in
November to December 2004 and in July to Septe2@@5. While snorkeling this additional
habitat during both these time periods, we didalisterve any salmonids greater than 60 mm SL
and did not collect any unoccupied data. Tableu2Orsarizes the number of feet of different
mesohabitat types snorkeled in November to Dece2@t and in July to September 2005 and
the results of these surveys.

We sampled 27,239 feet (8302 meters) of cover géoapd 4,856 feet (1480 meters) of cover
group 1 in near-bank habitats, and 7,091 feet (2déters) of cover group 0 and 405 feet (123
meters) of cover group 1 in mid-channel habit&gpths at locations where YOY Chinook
salmon and steelhead/ rainbow trout were obsemegid from 0.2 to 18.4 feet (0.06 to 5.61
meters), while velocities ranged from 0 to 3.98 (0 to 1.21 m/s) and adjacent velocities ranged
from 0 to 4.80 ft/s (0 to 1.46 m/s). SCUBA wasdif@ sampling in September 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 42.2(feto 12.86 meters), velocities ranging from
0 to 5.56 ft/s (0 to 1.69 m/s) and adjacent véllegiranging from 0 to 6.51 ft/s (0 to 1.98 m/s).
Depth and velocity were measured for all 1,624 gopd locations, and adjacent velocity was

%2 These numbers total more than 469 because mahg abtservations 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 17. Chinook salmon and steelhead/rainbow trout YOY HSC sampling dates and
flows.

Yuba River Flows (cfs)

Sampling Dates Upstream of Daguerre Downstregm of Daguerre
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

measured at 1,623 locations. Cover was not cellieat one unoccupied location. We collected
unoccupied observations for all of the 6.1 mile8 dlometers) of near-bank habitat sampled
and for all but 1500 feet (457.2 meters) of the-ghidnnel habitat sampled with SCUBA.

7. Biological Verification Data Collection

We conducted biological verification surveys onheigtudy sites. However, fry and juvenile
fall/spring-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 21 were recorded by
sighting from the total station to a stadia rod pidm. Table 22 shows the numbers of
fall/spring-run Chinook salmon and/or steelheadlvaiv trout fry and juveniles that were
observed and horizontal locations recorded usitad station in each of these five sites. Note
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Table 18. Distances (feet and meters) 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, m) Distance Sampled (ft, m)
Bar Complex Glide 5,780 1762 300 91
Bar Complex Pool 4,205 1282 4,140 1262
Bar Complex Riffle 2,344 714 0 0
Bar Complex Run 12,296 3748 0 0
Flatwater Glide 1,080 329 0 0
Flatwater Pool 1,400 427 3,055 931
Flatwater Riffle 0 0 0 0
Flatwater Run 330 101 0 0
Side-Channel Glide 699 213 0 0
Side-Channel Pool 915 279 0 0
Side-Channel Riffle 220 67 0 0
Side-Channel Run 2,826 861 0 0

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.

8. Habitat Suitability 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 23) stibaignificant differences (at p = 0.05)
between fry and juvenile habitat use for all foariables 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 mrteda and for all parameters except depth for
the <80 mm versus > 80 mm criteria. Hereafterrdfgrs to YOY less than 60 mm, while
juvenile refers to YOY greater than 60 mm.
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Table 19. Distances (feet and meters) sampled for juvenile salmonid HSC data - cover
types. Data in this table are for the same areas sampled for which data are given in
Table 15.

Cover Type Near-bank Habitat Mid-channel Habitat
Distance Sampled (ft, m) Distance Sampled (ft, m)
None 9,625 2,934 3,941 1,201
Cobble 10,872 3,314 449 137
Boulder 4,472 1,363 2,025 617
Fine Woody 4,193 1,278 80 25
Branches 1,507 459 224 68
Log 297 91 78 24
Overhead 809 247 0 0
Undercut 3 0.9 0 0
Aquatic Vegetation 261 80 548 167
Rip Rap 56 17 150 46
Overhead + instream 3,732 1,138 384 117

Table 20. Distances (feet and meters) 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, m) Distance Sampled (ft, m)
Bar Complex Glide 2,223 678 5,559 1,694
Bar Complex Pool 17,859 5,443 9,660 2,944
Bar Complex Riffle 2,190 668 1,550 472
Bar Complex Run 36,482 11,120 5,761 1,756
Flatwater Glide 1,944 593 420 128
Flatwater Pool 13,982 4,262 0 0
Flatwater Riffle 0 0 0 0
Flatwater Run 200 61 0 0
Side-Channel Glide 3,228 984 1,673 510
Side-Channel Pool 2,932 894 1,529 466
Side-Channel Riffle 0 0 0 0
Side-Channel Run 13,103 3,994 10,186 3,105
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Table 21. Date, study site, mesohabitat number, mesohabitat type and flow for juvenile
steelhead/rainbow trout and fall/spring Chinook salmon surveys where biological
verification data were collected.

Date Study Site MHU # MHU Type Flow (cfs)
11/3/2003 Upper Daguerre 86 BCRI 607
11/3/2003 Upper Daguerre 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 Daguerre 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

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 adfd velocity and for juveniles for depth (See
x? values in Table 23) and for both fry and juvenftescover (see C values in Table 24), 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€fiitnook salmon and steelhead/rainbow fry
rearing to reduce Type Il error. For juveniles,lwmped together data for both species for
velocity and adjacent velocity, but split the da¢dween species for depth and cover.
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Table 22. 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
Daguerre 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 23. 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

Based on the CDFG race table, fall/spring-run Cbknealmon fry are present between October
16 and June 24 As a result, we only used unoccupied data detebetween October 16 and
June 29 (835 observations) to develop fall/spriung€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.20¥& 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 undedugata collected between May and
January (1,154 observations) to develop steelremabow trout fry depth, velocity, adjacent

33 We did not observe any fall/spring-run Chinooksath outside of this time period.
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Table 24. 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

velocity and cover criteria, for the time periodsem we collected occupied data on fry
(September 2003 to September 2004 and February.2G0ther, 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 criteriglVe
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 25.

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 rearinmgica were 1.2 to 3.8 feet (0.37 to 1.16
meters), velocities of 0.15 to 0.74 ft/s (0.05 1830m/s), adjacent velocities of greater than or
equal to 3.00 ft/s (0.91 m/s), and cover codestf&B 4.7, 5, 5.7 and 8. The suitable ranges
were 0.4 to 7.6 feet (0.12 to 2.32 meters), vakexiof 0 to 1.65 ft/s (0 to 0.50 m/s), adjacent
velocities of greater than or equal to 0.05 ft/€20m/s), and all cover codes. Since there were
not any Sacramento River cover codes that weretab$e, we were only able to conduct the
optimum/useable transferability test for cover.e Tistribution of the Yuba River juvenile
salmonid observations, relative to the Sacramenter®ptimum and suitable ranges, are shown
in Figures 4 to 9. The results of the transferghiiésts (Table 26) 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 YuRiaer juvenile salmonids. We modified the
Sacramento River juvenile depth criteria to uséWwitiba River juvenile steelhead/rainbow trout
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Table 25. 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

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 (4.57 m) (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 27. The p values farsfdlhe non-zero coefficients in Table 26 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 f€6t37 meters), reached a minimum at 10 to 10.1
feet (3.05 to 3.08 meters), and then reached amamiat 18.4 feet (5.61 meters) (the maximum
depth for Chinook fry). There were 2 occupied (& 51 unoccupied (6%) locations with
depths greater than 10.1 feet (3.08 meters). rasut, we set the Sl to 0.02 (the Sl value from
the logistic regression at 10.1 feet (3.08 metdos)jlepths of 10.1 to 18.4 feet (3.08 to 5.61
meters).

The logistic regression equation for juvenile Clmksalmon depth initially peaked at 3.4 feet
(1.04 meters), reached a minimum Sl of 0.22 atd@ &6 feet (2.32 to 2.62 meters), and then
increased to a Sl of 0.55 at 11.8 feet (3.60 mefdre maximum depth at which we found
juvenile Chinook salmon in the Yuba River). Thesmere 3 occupied (8%) and 78 unoccupied
(8%) locations with depths greater than 8.6 feddd2neters). As a result, we set the Sl to 0.22
for depths of 7.6 to 11.8 feet (2.32 to 3.60 méters

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
logistic regression coefficients were less tharb Obit the regression equation was inconsistent
with the observed data. Specifically, this logisegression equation resulted in suitability
reaching zero at 1.5 ft/s (0.46 m/s), even thou@percent (21 of 109) of the occupied locations
had velocities of greater than 1.5 ft/s (0.46 m/Bpr velocities up to 2.55 ft/s, the frequency
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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 Chinook salmon
observations (vertical bars).
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depth HSC (horizontal lines) tested against Yuba River juvenile steelhead/rainbow trout
observations (vertical bars).

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

51



16
Suitable

Optimum

14 -
12 -

10

Frequency
oo

0 05 1 15 2 25 3 35 4
Valocity (ftfs)
Figure 6. 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 8. 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 9. 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 26. 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 27. 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

distribution of juvenile salmonids and steelhedadbaw trout fry is similar (Figure 10). In
contrast, above 2.55 ft/s (0.78 m/s), there wag oné observation of steelhead/rainbow trout
fry. For velocities less than or equal to 2.55 (0.78 m/s), there was no significant difference
between velocities used by juvenile salmonids aeellsead/rainbow trout fry (Mann-Whitney U
test, p =0.18, n = 100, 194).
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Figure 10. 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.

Accordingly, we used the steelhead/rainbow tropt/&locity criteria for juvenile salmonids up
to 2.55 ft/s (0.78 m/s), and then kept a constaialsility for velocities of 2.55 to 3.98 ft/s (B7

to 1.21 m/s) (the maximum velocity at which we alised juvenile salmonids). The final depth
and velocity criteria, reflecting the combined efteof the frequency distributions of occupied
and unoccupied locations, are shown in Figurehddugh 17 and Appendix K.

Adjacent velocities were highly correlated withaaties (Table 28). For fall/spring-run fry, the
[J * V] term was dropped from the regressions beeahe 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 Mawdre greater than 0.05. For juvenile
salmonid adjacent velocity, the [J * V], [L *¥/and [M * VV*] terms were dropped from the
regressions because the p-values for J, L and M grexater than 0.05. The p-values for the
remaining coefficients were less than 0.05, as wWeseverall p values for the four logistic
regressions. The | and N coefficients from equeBare given in Table 28. The results of
equation 4 and the derivation of the final adjacabcity criteria (Appendix K) are shown in
Figures 18 to 20.
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Figure 11. Fall/spring-run Chinook salmon fry rearing depth HSC. The HSC show that
fall/spring-run Chinook salmon fry rearing has a non-zero suitability for depths of 0.2 to
18.4 feet (0.06 to 5.61 meters) and an optimum suitability at depths of 1.1 to 1.4 feet
(0.34 to 0.43 meters).
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fall/spring-run Chinook salmon fry rearing has a non-zero suitability for velocities of O to

3.62 feet/sec (1.10 meters/sec) and an optimum suitability at a velocity of zero.
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Figure 13. 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
(0.06 to 1.92 meters) and an optimum suitability at depths of 1.7 to 1.9 feet (0.52 to
0.58 meters).
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steelhead/rainbow trout fry rearing has a non-zero suitability for velocities of 0 to 3.66

feet/sec (0 to 1.12 meters/sec) and an optimum suitability at velocities of 0 to 0.1

feet/sec (0 to 0.03 meters/sec).
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Figure 15. Fall/spring-run Chinook salmon juvenile rearing depth HSC. The HSC show
that fall/spring-run Chinook salmon juvenile rearing has a non-zero suitability for depths
of 0.2 to 11.8 feet (0.06 to 3.60 meters) and an optimum suitability at depths of 3.4 to
3.5 feet (1.04 to 1.07 meters).
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Figure 16. Fall/spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
velocity HSC. The HSC show that fall/spring-run Chinook salmon and
steelhead/rainbow trout juvenile rearing has a non-zero suitability for velocities of O to
3.98 feet/sec (0 to 1.21 meters/sec) and an optimum suitability at velocities of 0 to 0.1
feet/sec (0 to 0.03 meters/sec).
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Figure 17. Steelhead/rainbow trout juvenile rearing depth HSC. The HSC show that
steelhead/rainbow trout juvenile rearing has a non-zero suitability for depths of 0.2 to
15.0 feet (0.06 to 4.57 meters) and an optimum suitability at depths of 2.2 to 2.5 feet
(0.67 to 0.76 meters).
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Table 28. 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
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Figure 18. Fall/spring-run Chinook salmon fry rearing adjacent velocity HSC.

The initial analysis of cover used the occupied amoccupied observations in Table 24. For
fall/spring-run Chinook salmon fry, there was atatf 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 ozadh, 8 and 9.7 (aquatic vegetation plus
overhead). The statistical tests are presentédlaes 29 and 30. For Table 29, an asterisk
indicates that presence/absence of fish for thogerccodes were significantly different at p =
0.05. For Table 30, an asterisk indicates thatgi®sence/absence was significantly different
between groups at p = 0.05. Our analysis indictitatthere were four distinct groups (A, B, C
and D) of cover types for fall/spring-run Chinoakraon fry and four distinct groups for
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Figure 19. Steelhead/rainbow trout fry rearing adjacent velocity HSC.
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Figure 20. Fall/spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
adjacent velocity HSC.
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Table 29. Statistical tests of difference between cover codes for all cover codes and for
groups of cover codes. An asterisk indicates that presence/absence of fish (occupied
versus unoccupied) for those cover codes were significantly different at p = 0.05.

Species Cover Codes c-value
Chinook salmon 4.7,3.7,5.7,4,10,3,9,7,1,0.1, 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 30. Statistical tests of differences between the cover code groups shown in
Table 29. An asterisk indicates that fish presence/absence (occupied versus
unoccupied) was significantly different between Groups at p = 0.05.

Cover Codes In Group

Species Group A Group B Group C Group D c-value

Chinook salmon 4.7,3.7,5.7,4 10, 3 97,1 01,297 189 *

Steelhead/rainbow 3.7,10, 4.7 4.1 7,3, 2 0.1,9 101 *
trout

steelhead/rainbow trout fry. This was the minimammber of groups for which there were
significant differences between groups but no $icgmt differences among the cover codes in
each group. For fall/spring-run Chinook salmon g assigned cover codes 5 and 8 the same
suitability as cover codes 4.7 (branches plus e 3.7 (fine woody plus overhead), 5.7 and 4
(branches), since the Sacramento River cover iexiterd the same suitability for all six of these
cover codes. For steelhead/rainbow trout fry, ssgmed cover codes 5, 5.7 and 8 the same
USFWS, SFWO, Energy Planning and Instream Flow &ran
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suitability as cover codes 3.7, 10 (rip-rap) ard] dince the Sacramento River cover criteria had
the same suitability for cover codes 3.7, 4.7,.%,@d 8. In addition, we assigned cover code
9.7 the same suitability as cover code 9 (aquatyetation), since there were no occupied and
two unoccupied locations for cover code 9.7, inngathat this cover code should have a low
suitability. As discussed above, the SacramenterRiover criteria were used for both
fall/spring-run Chinook salmon and steelhead/rambr@ut juveniles. The final cover HSC
values for both species and life stages are showagures 21 to 23 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 incorgeciThis caused the juvenile observations to have
the wrong horizontal locations. There was no $icgmt difference in the combined habitat
suitability predicted by the 2-D model (Figure 24 locations with fall/spring-run Chinook fry
(median = 0.094, n = 33) than for locations withfsyt{median = 0.081, n = 52), based on the
one-tailed Mann-Whitney U test (U = 667.5, p = ®08The location of the fall/spring-run
Chinook fry is shown in Appendix M. The one fatifsxg Chinook fry location that the 2-D
model predicted had a combined suitability of zed, of the total of 70 fall/spring Chinook fry
locations (3.0%), had a combined suitability ofzdue to River2D predicting the location was
dry.

The combined habitat suitability predicted by thB thodel for locations with fall/spring-run
Chinook juveniles was significantly higher for ldicas with juveniles (median = 0.358, n = 5)
than for locations without juveniles (median = A.P& = 23), based on the one-tailed Mann-
Whitney U test (U = 16, p = 0.013). The resultstfos test are admittedly weak, due to the
small juvenile sample size. The 2-D model predig@dmbined suitability of greater than zero
for all five locations. Figures showing the fregag distributions of combined habitat suitability
for locations with and without juveniles were notated for this analysis due to small sample
size. The location of the fall/spring-run Chinooke¢niles is shown in Appendix M. The small
sample size used in the analysis was due to a catid of limitations on conducting the
biological verification surveys due to time constta and the scarcity of fall/spring-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 25) for locations with steelhead/aw trout fry (median = 0.036, n = 71) than
for locations without fry (median = 0.048, n = 9Based on the one-tailed Mann-Whitney U test
(U =3582.5, p=0.741). The location of the dteall/rainbow fry is shown in Appendix M. Of
the 16 steelhead/rainbow fry locations that the @v@lel predicted had a combined suitability of
zero, out of the total of 71 steelhead/rainbowldoations (22.5%), 15 locations had a combined
suitability of zero due to River2D predicting tleedtions were dry. The 1 remaining location
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Figure 21. Fall/spring-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.

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

67



100%

80% o

BHS

OProportion

Doccupied

B0%

40%

Proportion Occupied

20%

0% - T

Cobhle 1 —

Boulder? [

Mo Cover0.1

Figure 22. Steelhead/rainbow trout fry rearing cover HSC. Data for the cover

Fine Woody 3 ——

Fine Waoaody + Overhead 3.7 —

EBranches 4 —

Branches + Overbiead 4.7 —
Log +Overhead 5.7 |

Cover Code and Category

Cverhead Cover 7 I

Undercut B a5 T

Aquatic vVegetation o [

Agquatic Vegetation + Overhead 9.7

Rip-rap 10

1.0

0.5

0.6

0.4

0.2

a.o

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 23. Fall/spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
cover HSC. The cover observations for these species and life stage are shown in
Figures 8 and 9.
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Figure 25. Combined suitability for 2-D model locations with (occupied) and without
(unoccupied) steelhead/rainbow trout fry.
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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.

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 one-tailed Mann-Whitney U
test (U = 138, p = 0.66). One of the three ocalippeations was predicted by the 2-D model to
have a combined suitability of zero. This one tmrahad a combined 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 sizegtbeuld 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 31wHlabitat relationships, by species, life stage
and segment, are depicted in Figures 26 — 33, givAppendix L and summarized in Table 32.

DISCUSSION
1. Habitat Mapping

Traditionally habitat mapping is done in a lineasHion going downstream. The two-
dimensional habitat mapping used in this studyesentonsistent with a two-dimensional-based
hydraulic and habitat modeling of habitat availyil In addition (Figure 34) two-dimensional
habitat mapping better captures the complexity esomabitat units in the Yuba River. The
geomorphically-based habitat classification systesed in this study (Snider et al. 1992)
provides significant benefits versus a more tradal habitat mapping system based on depths
and velocities. Specifically, since the Snideale{1992) system is not dependent on flow-
varying parameters, habitat mapping does not chaitgelows. The hierarchical nature of the
habitat classification system used in this studyadicularly well suited to capturing the habitat
complexity of alluvial streams, since it includeajor channel features (bar-complex, flatwater
and side-channel) in addition to the pool, riffign and glide habitat types used in more
traditional habitat mapping systems. The fielddobisabitat mapping using a combination of
aerial photos and GPS, followed by GIS digitiziddhe habitat units, allowed us to cost-
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Table 31. 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 Daguerre Below Daguerre
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 32. Summary of flow-habitat relationship results. Numbers given in this table are
the flow (cfs) with the highest total WUA.

Species Life Stage Above Daguerre Below Daguerre
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

effectively delineate the aerial extent of habutaits with an adequate degree of accuracy (from
the GPS data). With the GPS data and aerial phagdays, we were able to successfully
identify the aerial extent of the habitat unitats.
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Figure 26. Fall/spring-run Chinook salmon fry rearing flow-habitat relationship above
Daguerre Point Dam. The flow with the maximum fall/spring-run Chinook salmon fry
rearing habitat was 4,300 cfs.
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Figure 27. Fall/spring-run Chinook salmon juvenile rearing flow-habitat relationship
above Daguerre Point Dam. The flow with the maximum fall/spring-run Chinook salmon
juvenile rearing habitat was 1,300 cfs.
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Figure 28. Steelhead/rainbow trout fry rearing flow-habitat relationship above Daguerre
Point Dam. The flow with the maximum steelhead/rainbow trout fry rearing habitat was
400 cfs. 35000
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Figure 29. Steelhead/rainbow trout juvenile rearing flow-habitat relationship above
Daguerre Point Dam. The flow with the maximum steelhead/rainbow trout juvenile
rearing habitat was 1,000 cfs.
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Figure 30. Fall/spring-run Chinook salmon fry rearing flow-habitat relationship below
Daguerre Point Dam. The flow with the maximum fall/spring-run Chinook salmon fry
rearing habitat was 4,500 cfs.
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Figure 31. Fall/spring-run Chinook salmon juvenile rearing flow-habitat relationship
below Daguerre Point Dam. The flow with the maximum fall/spring-run Chinook salmon
juvenile rearing habitat was 2,000 cfs.
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Figure 32. Steelhead/rainbow trout fry rearing flow-habitat relationship below Daguerre
Point Dam. The flow with the maximum steelhead/rainbow trout fry rearing habitat was
500 cfs.
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Figure 33. Steelhead/rainbow trout juvenile rearing flow-habitat relationship below
Daguerre Point Dam. The flow with the maximum steelhead/rainbow trout juvenile
rearing habitat was 2,000 cfs.
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Figure 34. Detail of habitat mapping of a portion of the Timbuctoo study site.
2. Field Reconnaissance and Study Site Selection

We chose to use the ten spawning sites to modehjlevrearing habitat because it increased the
area of river modeled for juvenile rearing habitdot doing so would have meant that fewer
habitat units would have used to calculate juvemdbitat. Otherwise, we would have needed to
spend a significantly greater amount of effort wvenile rearing by establishing additional
juvenile study sites in the same habitat typese®\wn the spawning sites. The only drawback
of using the spawning sites is that they were antlomly selected.

3. Hydraulic and Structural Habitat Data Collection

Incorporating the U.S. Army Corps of Engineers adliawed greater refinement of the bed
topography for each study site. Establishing tleeipe northing and easting coordinates and
elevations of our horizontal benchmarks using degjuency 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
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facilitate the sharing and comparison of dataliervtarious studies being conducted on the Yuba
River. All of the measurements were accurateftwol (0.31 m) horizontally and 0.1 foot (0.031
m) vertically; therefore, we believe that measunenagror would have a minimal effect on the
final result.

4. Hydraulic Model Construction and Calibration
4.1. PHABSIM WSEL Calibration

We decided that the multiple regression WSEL catibn for Railroad was acceptable, despite
there being more than a 0.1 foot (0.031 m) diffeeshetween measured and simulated WSELSs.
Specifically, the maximum difference between meadwand simulated WSELSs of 0.11 feet
(0.033 m) was much less than the maximum differevidel FG4 andMANSQ, and reflected the
additional errors implicit in predicting WSELSs fromvo different flows (from the Yuba and
Feather Rivers), versus Predicting WSELs from onlg flow. We did not regard the slightly

low VAF values for the lowest simulation flow of @&fs for Railroad upstream and downstream
transects, nor the deviation from the expectecepatif VAFs for the highest simulation flow of
4,500 cfs for Railroad upstream and downstreanséets, as problematic since RHABSIM was
only used to simulate WSELSs and not velocities.

4.2. River2D Modd Construction

The U.S. Army Corps of Engineers data incorporatéd the bed topography allowed greater
refinement of the bed topography for each stuay dit most cases, the portions of the mesh where
there was greater than a 0.1 foot (0.031 m) diffeeebetween the mesh and final bed file were in
steep areas; in these areas, the mesh would ba Withfoot (0.031 m) vertically of the bed file
within 1.0 foot (0.31 m) horizontally of the bedefiocation. Given that we had a 1-foot (0.31 m)
horizontal level of accuracy, such areas would fmvadequate fit of the mesh to the bed file.

4.3. River2D Modd Calibration

Narrows and Lower Hallwood sites’ simulated WSELtha calibration flow differed by more
than 0.1 foot (0.031 m) in some places along trstrapm transect. We were uncertain which
model was responsible for the discrepancies betteeWSELs 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 meters) criberivalue 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 acchptedlibration results at the highest simulation
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flow for the Narrows and Lower Hallwood sites besmall our WSEL measurements were made
next to the left and right banks (Appendix G). hsligh the maximum WSEL values for Lower
Hallwood site’s upstream transect exceeded théo011(0.031 m) criterion, Lower Hallwood

had an average WSEL that was well within that ootevalue (Appendix G).

We attribute the maximum difference of 0.29 fee@@0meters) between the WSEL simulated by
River2D and PHABSIM at 4,500 cfs for the Narrowstigam transect to inaccuracies in the bed
topography upstream of the site. Specifically,lgoi of Army Corps of Engineers

hydroacoustic data upstream of the site and thigelthamount of ADCP data we collected
upstream of the site likely resulted in an inacteisamulation of WSELSs at the upstream
transect. Alternatively, the actual WSEL in theddie of the Narrows upstream transect at 4,500
cfs may have been 0.29 feet (0.09 meters) lower tina WSELSs on the left and right banks. We
have no way of testing this alternative, since wendt measure WSELSs for that transect away
from the left and right banks, because most otridnesect was over 6 feet (1.83 meters) deep,
with an average depth of over 20 feet (6.10 meteFbe measured WSELSs are not consistent
with the above alternative, since at all flows, lgfe and right bank WSELSs differed by a
maximum of 0.03 feet (0.01 meters). Based on theipus discussion, we decided the
calibration for Lower Hallwood site was acceptabeh the likelihood 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 transet@tighest 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.

We considered the solution to be acceptable fostiay site cdg files which had a maximum
Froude Number greater than one. Although the Fedlgmber did exceed one at a few nodes,
the vast majority of the site had Froude Numbess than one. The nodes with Froude Numbers
greater than one were located either at the wagdelge or where water depth was extremely
shallow, typically approaching zero. A high Froldigmber at a very limited number of nodes at
water’s edge or in very shallow depths would beeexgd to have an insignificant effect on the
model results. The calibration for Railroad, whigre net Q was greater than 1%, was still
considered to have a stable solution since th@neas not changing and the net Q was less than
5%. In comparison, the accepted level of accufacySGS gages is generally 5%. Thus, the
difference between the flows at the upstream anchdtveam boundary (net Q) is within the
same range as the accuracy for USGS gages, ane acoapted the results for this site.
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4.4. River2D Mode Velocity Validation

As noted in the results section, we were unablaliolate the velocity predictions for the
hydraulic models of Sucker Glide and Railroad sjiggure 3). As a result, there is greater
uncertainty in the habitat modeling results forstneites than for the remaining sites. We were
left with two alternatives: 1) to throw out thestes and represent flatwater habitat in the Below
Daguerre segment by bar complex habitat; or 2séothe sites. We believe that it would be
more accurate to model rearing habitat in the Bddaguerre segment using these sites because
if we threw out these sites, the rearing habitatldmot include results from flatwater habitat
types, which comprise 21 percent of the area ofriltea River between Daguerre Dam and the
confluence with the Feather River. We believe thaterrors associated with simulated
velocities for these sites are less than the ethatswould be associated with representing
flatwater habitats by bar complex habitats.

Differences in magnitude in most cases are likeky 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 (i.e. noise) l@sg in some measured data points at the low or
high end of the velocity range averaged in the rhedeulations; and (4) the measured velocities
being the component of the velocity in the dowrstiairection, while the velocities predicted
by the 2-D model were the absolute magnitude afaigf’. As shown by the figures in
Appendix H, we attribute many of the differencesaAmsEn measured and predicted velocities to
noise in the measured velocity measurements; spabyf for the transects, the simulated
velocities typically fell within the range of thee@sured velocities of the three or more ADCP
traverses made on each transect. The 2-D moagirates effects from the surrounding
elements at each point. Thus, point measureméntdarity can differ from simulated values
simply due to the local area integration that tglase. As a result, the area integration effect
noted above will produce somewhat smoother laterlalcity profiles than the observations.

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

% 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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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&iu®r2D on the east side of the channel
(Figure 35), which was not present in the measdegd. The presence of this eddy resulted
inRiver2D underestimating the velocities on the sa&e 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 modedise the downstream end of Whirlpool site
was located at the downstream end of a split cHarWe 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 daeigproduce the channel topography upstream
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 undeliqiesl 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.

Modeled velocities were lower than measured vakx#cross most of the channel for Sucker
Glide Deep Beds D, E and N; we attribute this torsrin the ADCP velocity measurements
(being too high). Specifically, the calculatedatiiarges for Sucker Glide Deep Beds D, E and N
were, respectively, 1,632, 1,746 and 1,499 cfsusethe actual total river discharge of 1,250 cfs.
Modeled velocities were higher than measured veéscfor Lower Hallwood Deep Beds J to L;
we attribute this to errors in the ADCP measures\éming 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.

45. River2D Modd Simulation Flow Runs

We initially ran the Side-Channel site simulatiagdiles 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
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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.

of this site at low flows, where a substantial paetage of the site had water depths less than 0.05
m. Accordingly, for Side-Channel site flows ofgeban 35.7 cfs, we used a minimum
groundwater depth of 0.005. The lower minimum gibuvater 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 (withie exception of 500 cfs, 800 cfs and 1,000-
1,100 cfs), Lower Hallwood, Side-Channel (with gxeeption 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 stablatisnl since the net Q was not changing and the
net Q in all cases was less than 5%. In compariberaccepted level of accuracy for USGS
gages is generally 5%. Thus, the difference beitee flows at the upstream and downstream
boundary (net Q) is within the same range as tharacy for USGS gages, and so we accepted
the results for this site. In the cases of the fdarrows cdg files, the two Side-Channel cdg
files, and the eight Sucker Glide cdg files whére et Q significantly exceeded the 5% level,
there is more uncertainty in the results for th@seluction files. We still used these files to
avoid gaps in the flow-habitat relationships faegl sites. In the case of the Side-Channel 800
cfs cdg file, the net Q difference of 374% was g hhat we eliminated this flow from the
simulation flow runs. At a total flow of 800 cthe flow in the site was mostly subsurface and
the habitat present would not be available to jueesalmonids, since it would be isolated from
the main channel (Figure 36). For the Side-Chasitelat a total flow of 900 cfs, we attribute
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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.

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

83



the high net Q value (20.67%) to the flow beingssuface all the way across the channel at the
hydraulic control within the site (Figure 37). dantrast to the other total river flows of lessrtha
1,900 cfs at this site, the simulation for a tdi@mlv of 900 cfs with a minimum groundwater
depth of 0.05 resulted in a lower Net Q (4.8%) tf@rthe minimum groundwater depth of 0.005
used to simulate this flow. The higher net Q'Siurcker Glide site likely resulted from an error
in the bed topography in the vicinity of the doweatn boundary causing an eddy in the
hydraulic model.

One of the purposes for adding a downstream extensithe Narrows site was to eliminate an
eddy at the downstream boundary that was prese¢héiariginal hydraulic model for this site.
With the downstream extension, there was stilldaygresent at the downstream extension at
500 cfs, but not at 800, 1000 or 1100 cfs. Watatte the net Q’s greater than 5 percent for
Narrows 800 and 1000 cfs to an error in the modwllsulation of net Q. When the total

outflow is calculated from the difference in cuntiva discharge at the left and right water’s
edge at the downstream boundary, the actual neti@ vor the Narrows site at 800 and 1000 cfs
were, respectively, 3.6 and 4.8 perce¥ithile there was a similar error for 1100 cfs, tbil
outflow calculated from the difference in cumulatidischarge at the left and right water’s edge
at the downstream boundary resulted in a net autfib8.3%.

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 verydd 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 wouddcelpected.

5. 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 men7g 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 greatentG@ 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
Yuba River was due to very low densities of Chinsaknon and steelhead/rainbow trout greater
than 60 mm, or if most juvenile salmonids greatant60 mm detected us and fled before we
had the opportunity to observe them. The lattpeaps more likely, given the large numbers of
both juvenile Chinook salmon and steelhead/raintvout greater than 60 mm that are captured
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in the screw traps on the Yuba River (Massa 200d)the coefficients of variation (4 to 173
percent) seen between replicate snorkel surveysvenile steelhead in the Yuba River
(Bratovich et al. 2003). We believe that the lawners 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 salmonideater 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 faistone 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. Each observation in our study
represented between 1 and 300 fish, with a medi8rfish per observation. In addition, Beak
(1989) defined juveniles as being greater than B() while we defined juveniles as being
greater than 60 mm.

6. Habitat Quitability Criteria (HSC) Devel opment

The R values in Tables 26 and 27 in general reflectatge degree of overlap in occupied and
unoccupied depths and velocities (Figures 11 — 1@y 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. (206@)ch had R values ranging from 0.49 to 0.86.
We attribute this difference to the fact that #fs®ve 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 degquild velocity do not act as boundary
conditions for use, where suitability is optimaltinn a given range of depth and
velocities, given that all other rearing conditicare suitable (i.e., adjacent velocity and
cover). Binary criteria (i.e. either optimal orsuntable) are generally biologically
unrealistic — they either overestimate the habitdtie of marginal conditions if the binary
criteria are broadly defined (for example, settgugtability equal to one for any depths
and velocities where the original HSI value wasagee than 0.1) or completely discount
the habitat value of marginal conditions. Thedattase would be biologically unrealistic
since many fry and juveniles would be in areas Whiould be considered completely
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 polghoggression, rather than a logistic
regression. Rubin et al. (1991) selected an exga@igolynomial 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 regmsa value of one, 3-30 fish would represent a
value of two and 31-315 fish would represent aealfithre&”. 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 fitéaraw occupied and unoccupied data, rather
than to the frequency histograms shown in Figulethough 17. In general, the criteria track
the occupied data, but drop off slower than thaipsxl 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 limited availability of deeper conditidmss a larger 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 exquett be highest at intermediate depths,
consistent with the HSC. HSI values for relativelye cover types, such as riprap, may be
influenced by the limited number of observatiokwever, since these cover types are
relatively rare, the HSI values for these coveesypould be expected to have a minimal effect
on the overall flow-habitat relationships.

The HSC from this study for depth, velocity, adjatceeslocity and cover varied with life stage
and species (Figures 38 — 41). Consistent witls¢hentific 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 (0.78 m/s). The critersmahow a consistent preference for composite
cover (instream woody plus overhead — cover codgsA37 and 5.7). Composite cover likely is
an important aspect of juvenile salmonid habitaiglse it reduces the risk of both piscivorous
and avian predation. The cover criteria also ssigtpat cobble cover is more important for
steelhead/rainbow trout fry than for steelheadlyawm 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 loblbstrate during our snorkel surveys.

% The largest number of fish that we had in one nlagi®n 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.

chinook and steelnead juvenile -------- Chinook fry ee—steehead fry |

The limit to the suitability of the Chinook juveaitiepth criteria, reaching zero at 11.9 feet (3.63
meters), versus the Chinook fry criteria, whichgloet reach zero until 18.5 feet (5.64 meters),
likely reflects the small number of occupied obs¢ions that we were able to collect for juvenile
Chinook. With a larger sample size, we would hexgected to have made at least one
observation of juvenile Chinook salmon in depthsager than 11.9 feet (3.63 meters). For
example, on the Sacramento River (Gard 2006), wedguvenile Chinook salmon in depths of
up to 23.7 feet (7.22 meters).

We compared the criteria from this study with théeda from other studies (Figures 42 - 52).
For fall/spring-run Chinook salmon fry and juvenilepth 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. teethead/rainbow trout fry and juvenile depth
and velocity, we compared our HSC to those fromPba&ther (California Department of Water
Resources 2005) and Trinity (Hampton 1997) ritfersVith the exception of Chinook salmon
fry, we compared all of the depth and velocityasid with those from Bovee (1978), since these

% These were the only other steelhead fry and juee#8C developed in California that we were
able to identify.Beak (1989) did not develop criteria for steelhesidbow trout.
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Figure 42. Comparison of fall/spring-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 suitqln)i_lity_,__:_g!_l_:_)git at low values, for deeper conditions than the other criteria.
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Figure 43. Comparison of fall/spring-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.

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

90



05 A

06
@
T

044 i

024!

oo £ .

0 2 4 6 B 10 12
Depth (i)
| —— USFWS study - Beak study ——Feather - Bovee |

Figure 44. Comparison of fall/spring-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 fall/spring-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 fall/spring-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 fall/spring-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 fall/spring-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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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).

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 fall/spring-
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 fall/spring-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&2id 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 developedlnSacramento 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 fall/spring-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 (0.52 to 0.58 me)eversus at 0.5 to 0.7 feet (0.15 to 0.21 meters)
for other criteria. We attribute this to the us@ dogistic regression to address availabilityd an
that the other criteria, developed using use datderestimate the suitability of deeper
conditions (in the range of 1.5 to 6 feet (0.48 83 meters) because they do not take availability
into account. In addition, we observed steelheaudow trout fry in deeper conditions than for
other criteria; we had seven percent of our obsienvaiin watep 3 feet (0.91 meters), while
both the Feather and Trinity River HSC had zertasility for depths> 3 feet (0.91 meters).

The fall/spring-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
fall/spring-run Chinook salmon fry at higher velies than for other criteria; we had
observations at velocities as high as 3.62 fee{(ls&0 meters/sec), while both the Feather River
and Beak (1989) HSC had zero suitability for velesigreater than 2.24 feet/sec (0.68
meters/sec). Similarly, our fall/spring-run Chikagalmon juvenile and steelhead/rainbow trout
fry velocity criteria show non-zero suitability féaster conditions than other criteria. We
attribute this to the fact that we observed fatifsgprun Chinook salmon juveniles and
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steelhead/rainbow trout fry at higher velocitiearttior other criteria. For fall/spring-run

Chinook salmon juveniles, we had observations latcitees as high as 3.98 feet/sec (1.21
meters/sec), while both the Feather River and B£889) HSC had zero suitability for velocities
greater than 3.24 feet/sec (0.99 meters/sec) stEethead/rainbow trout fry, we had observations
at velocities as high as 3.66 feet/sec (1.12 misex}s while both the Feather and Trinity River
HSC had zero suitability for velocities greatenttza69 feet/sec (0.82 meters/sec). Our
fall/spring-run Chinook salmon and steelhead/rambr@ut juvenile velocity HSC showed an
optimal velocity at a lower value than for othatemia. We attribute this to having to use the
steelhead/rainbow trout fry velocity HSC for fatifsxg-run Chinook salmon and
steelhead/rainbow trout juveniles, for velocitiesd than 2.55 feet/sec (0.78 meters/sec). The
very similar frequency distribution of occupied amtbccupied velocities for fall/spring-run
Chinook salmon and steelhead/rainbow trout juvenigsulted in a logistic regression that
showed that there was no significant influenceeaddegity on use or nonuse. Accordingly, we
could have used a binary velocity criteria for/&dring-run Chinook salmon and
steelhead/rainbow trout juveniles, but decided thatuse of the steelhead/rainbow trout fry
velocity HSC for velocities less than 2.55 feet/§e@8 meters/sec) was more appropriate, given
the lack of a significant difference between veiesiused by juvenile salmonids and
steelhead/rainbow trout fry for velocities lesstl2a55 feet/sec (0.78 meters/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 salmongding. While cover is frequently used for
anadromous juvenile salmonid rearing, the simplicftthe cover categories (typically no cover,
object cover, overhead cover and object plus owe&fltever) 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), nseve 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 suitapifor 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 acramento River Chinook fry.
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7. Biological Verification

In general, our biological verification was unswgsfel due to the low number of fry and juvenile
fall/spring-run Chinook salmon and juvenile stealfeainbow trout observed. This resulted in a
low number of occupied locations (33, 5 and 3 fespectively, the above three species/life
stages) that could be included in the comparisamg,a consequent 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.dW&ot use a parametric test because the
assumption of normality of parametric tests wasateal, as shown in Figures 24 to 25,
indicating the appropriateness of nonparametristeA large unbalanced sample size was
appropriate for the Mann-Whitney U test to redwygeetll errors, since unoccupied depths,
velocities and substrates have a much greater @ngdues than occupied depths, velocities
and substrates, and thus did not bias resultslogaasly, Thomas and Bovee (1993) found that
a minimum of 55 occupied and 200 unoccupied looatigere required to reduce type Il errors.

The limited performance of River2D in predicting@t@SI of occupied locations likely is related
to errors due to: 1) the predictive accuracy efH&C; and 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 distrdmytinsufficient 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, whiahwill refer to as “measured combined habitat
suitability”. The measured combined habitat sulitghwas significantly higher for occupied
versus unoccupied locations for fall/spring-runr@uk 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 33). We plotted the frequencyrtbstion of measured combined habitat
suitability for locations with and without fall/Spg-run Chinook (Figure 53) and
steelhead/rainbow trout (Figure 54) fry to graplycidlustrate the difference in measured
combined habitat suitability between occupied amocgupied locationsSince occupied
locations had a significantly greater measured d¢oetbhabitat suitability than unoccupied
locations for those life stages/species with laoggEupied sample sizes (fall/spring-run Chinook
and steelhead/rainbow trout fry), while there wasignificant difference (Results — Biological
Verification) between the combined habitat suiippredicted by the River2D model for these
life stages/races, we believe that the failuréheftiiological 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
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Table 33. 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)
fall/spring-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.

dry land where it was actually wet. Errors in bepography likely resulted in modeled
unsuitable velocities in some of the locations eljaveniles were observed. A very high
density of bed topography and cover points wolkdlyi 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 simulstidsurface flow is likely low, since subsurface
flow is primarily included in the River2D model &midress wetting/drying during model runs.
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Scale: 1:1342

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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The performance of River2D in this situation migave been improved by trying a larger
groundwater transmissivity value. When data frbm habitat unit are excluded from the
biological verification test, there still is no si§cant difference between the steelhead/rainbow
trout fry combined habitat suitability predicted Riwer2D for occupied (median = 0.056, n =
54) and unoccupied (median = 0.048, n = 82) loaatiadHowever, the p-value from the one-
tailed Mann-Whitney U test in this case (0.19) iscmlower than when data from the above
habitat unit are included in the analysis (p = B.#icating that the hydraulic modeling error
for this habitat unit had a large effect on théufa of the biological validation for
steelhead/rainbow trout fry.

The statistical tests used in this report for ladal 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
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 we did in this study and is routinely done strieam flow studies, very low amounts of high
quality habitat will be predicted. For exampleddpth, velocity, adjacent velocity and cover all
have a high suitability of 0.9, the combined sultgbwould be only 0.66. In contrast, Guay et
al. (2000) calculated combined suitability as thergetric mean of the individual suitabilities;
for the above example, the combined suitabilitgelated as a 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.
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8. 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 26 — 33) 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-€hwinook salmon fry and juvenile rearing
habitat in the Yuba River. The results from owdstpredict substantially less habitat for
juvenile Chinook salmon at low flows and a peak amaof habitat at higher flows for both fry
and juvenile Chinook salmon than did Beak (198%jyfes 56 — 59). However, the difference
between studies in the flow with the peak amouritadfitat varied by reach. We attribute the
differences between our study and Beak (1989)dddlowing: 1) the Beak (1989) study used
HSC generated only from use data, as opposed wwiteda generated with logistic regression in
this study; 2) the Beak (1989) study did not useecor adjacent velocity criteria; and 3) the use
of PHABSIM in the Beak (1989) study, versus 2-D mlath in this study. We believe that these
differences likely biased the flow-habitat resuttshe Beak (1989) study towards lower flows,
since the HSC, generated only from use data artbutitcover or adjacent velocity criteria, were
biased towards slower and shallower conditionsoimtrast, our study reduces biases due to
availability and includes the important juvenilebiiat components of cover and adjacent
velocity. We attribute the difference in magnitudehe results from this study versus Beak
(1989) primarily to a combination of a broader rag suitable depths and velocities and the use
of adjacent velocity criteria in this study. A bder range of suitable depths and velocities will
result in more habitat. In contrast, a fourth katisuitability index parameter will tend to result
in overall lower amounts of habitat, since the coral suitability index is calculated as the
product of the individual suitability indices. Thk#ects of adjacent velocity are most
pronounced at low flows, where a large proportibthe channel has low adjacent velocities,
and thus low suitability for this parameter. Thilg results of this study are a more accurate
assessment of the relationship between flow andrameous salmonid fry and 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-@®sional 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
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Figure 56. Comparison of Chinook salmon fry flow-habitat relationship above Daguerre
Point Dam from this study and the Beak (1989) study. This study predicted more
habitat at all 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 Daguerre
Point Dam from this study and the Beak (1989) study. This study predicted more
habitat at all flows and the peak habitat at a higher flow than the Beak (1989) study.
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Figure 58. Comparison of Chinook salmon juvenile flow-habitat relationship above
Daguerre 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 59. Comparison of Chinook salmon juvenile flow-habitat relationship below
Daguerre 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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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 Daguerre Point Dam and from 150 to 4¢8®®elow Daguerre 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 aststiaith 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 alidaguerre Point Dam and 13,500 cfs below
Daguerre 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.

The combination of the velocity and adjacent velociiteria generally limit fry and juvenile
habitat to a band along the channel margins. Wifreasing flows, this band of habitat moves
up the banks, resulting in fry and juvenile WUA ebainging much with flow (Figures 26 to 33),
especially upstream of Daguerre Point Dam. Thetsigaificant limitation of fry and juvenile
habitat in the Yuba River, particularly upstreanbDaiguerre Point Dam, is the limited amount of
available instream woody cover (Figure 61). Theatgr increase in Chinook salmon fry and
juvenile WUA with flow downstream of Daguerre Pobéam, versus upstream of Daguerre
Point Dam, can be attributed to a combinationlfthe greater abundance of instream woody
cover downstream of Daguerre Point Dam; 2) the igdligegreater inundation of instream woody
cover at higher flows; and 3) the high suitabibfyinstream woody cover for fry and juvenile
Chinook salmon. In contrast, the lower abundarigestream woody cover upstream of
Daguerre Dam and higher suitability of cobble cdeersteelhead/rainbow trout fry, versus
Chinook salmon fry, results in the flow-habitatatgbnship for steelhead/rainbow trout fry
upstream of Daguerre Point Dam having a maximumevat the lowest simulated flow (Figure
28).

Evaluation of such alternative hydrograph managémsesnarios should also consider the flow-
habitat relationships for Chinook salmon and sesdtrainbow trout spawning, reported
separately (U.S. Fish and Wildlife Service 20104 avater temperature modeling information.
Habitat is more likely to be limiting fall-run Chilwk salmon populations, versus spring-run
Chinook salmon or steelhead/rainbow trout poputetialue to the substantially larger
population size of fall-run Chinook salmon. Thumsevaluating flow needs of anadromous fish
in the fall, increased flows above Daguerre 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
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Figure 60. Yuba River flows below Daguerre 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.

available habitat. In addition, the relativelyt flow-habitat relationships for fry and juvenile
rearing makes it likely that the main benefits kéed flow regimes would be for spawning
habitat.

9. 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) extrapotafrom the study sites to the entire Yuba
River; 3) transmission losses (reduced streamflogvtd infiltration into groundwater) in the
segment upstream of Daguerre Point Dam in therfalty years; 4) errors in velocity simulation;
5) errors in bathymetry data; 6) computational melsment size and density of bed topography
data; 7) errors in velocity measurements usedveldp habitat suitability criteria; 8) differences
between sampled versus population habitat suitgloiiiteria data; and 9) potential biases in
juvenile criteria due to survey techniques. Asswgrdynamic equilibrium, we hypothesize that
the high flows in May 2005 and January and Aprid@@id not significantly alter the flow-
habitat relationships. The validity of the assuowpbf dynamic equilibrium for the Yuba River
could be tested by comparing flow-habitat relatiops from Professor Greg Pasternack’s
topography data for the UC Sierra site, which wakected prior to the May 2005 high flows,
between the May 2005 and January 2006 high flowisafter the January 2006 high flows
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Scale: 1: 3794

Figure 61. Cover distribution data for wetted portion of Timbuctoo study site at 4,500
cfs.
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(Pasternack 2007) — if the flow-habitat relatiopshirom these three datasets had a similar
shape, this would support the assumption that tit@a¥River is in dynamic equilibrium.
Overall, we do not feel that there are any sigaiftidimitations of the model.

Based on the number of study sites and the pegewnfanesohabitat 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 Daguerre 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 stifggtsthere may be transmission losses (on
the order of 10 percent) in the fall of dry yearshe segment upstream of Daguerre Dam. There
are two potential consequences to the transmissgses for the segment upstream of Daguerre
Point Dam: 1) we may have underestimated the statiee bottom of the sites for lower flows,
which would result in an overestimate of velocitiasd 2) additional releases would be needed
from Englebright Dam in the fall of dry years ta ¢fge flow that would result in the amount of
habitat predicted in this report in the segmentrepsn of Daguerre Point Dam.

There is a greater level of uncertainty for theoe#y predictions of the models for the Sucker
Glide and Railroad sites than for the remainingesr sites, since we were unable to validate the
velocity predictions for these sites. We belidvat tover or under-predicted velocities at all sites
would have a minimal effect on the overall flow-fabrelationships, given the high correlation
between measured and predicted velocities. Spealtyfithe effects of over-predicted velocities
would be cancelled out by the effect of under-prtedi velocities, given the lack of bias in
velocity predictions. The overall flow-habitatagbnship 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 densityed 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 pointsiyrfor the
UC Sierra site collected prior to May 2005 (MoidaPasternack 2008).

USFWS, SFWO, Energy Planning and Instream Flow &ran
Yuba River Rearing Report
October 8, 2010

109



Errors in velocity measurements used to develojtdtaduitability criteria would likely be a
minor source of uncertainty on the flow-habitattelinships given in Appendix L. Since errors
in velocity measurement are random and not biasféetts of positive errors in velocity
measurements would be cancelled out by the effewtgative errors in velocity measurements.
The overall velocity habitat suitability curve igve@n by the distribution of velocities. The
distribution of velocities would not be affected fysitive or negative errors in velocity
measurements because positive errors in velocigsarements would have the opposite effect
on the distribution of velocities as negative esnorvelocity measurements.

The most likely source of uncertainty in the floahitat relationships given in Appendix L is the
potential for difference between sampled versusuf@ion habitat suitability criteria data. Due

to the smaller sample size for juvenile HSC datawefry HSC data, there is likely higher
uncertainty in the flow-habitat relationships faveniles than for fry. The uncertainty from this
factor could be quantified by a bootstrap analgsihe sampled HSC data to develop 95 percent
confidence limit HSC, which could be applied to byelraulic models of the eighteen study sites
to determine 95 percent confidence limits for tloefhabitat 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-taitat relationships, other than it would tend
to shift the peak of the curve to higher flows.

CONCLUSION

This study achieved the objective of predictinggbgl habitat in the Yuba River for fall/spring-
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, shoywarying relationships between flow and
habitat, depending on species, life stage andmstssgment, may be consistent with the flow
recommendations in the Introduction. The resulthis 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 Daguerre Point Dam in Sepeenmvbuld result in an increase of 59.4% of
habitat during this month for fall/spring-run Chatlosalmon juvenile rearing in this segment.

3"Flows downstream of Daguerre Point Dam can to sextent be modified independent of
flows upstream of Daguerre Point Dam by changeélsaramount of flow diverted at Daguerre
Point Dam.
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Based on the conceptual model presented in thedunttion, this increase in rearing habitat
could increase juvenile survival which could resulan increase in fall/spring-run Chinook
salmon populations.
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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

Daguerre 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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Scale: 1:2791
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ROSEBAR STUDY SITE

Scale: 1:1772
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DIVERSION STUDY SITE

Scale: 1:1078
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LOWER HALLWOOD STUDY SITE

Scale: 1:2003
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WHIRLPOOL STUDY SITE

Scale: 1: 977
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SIDE-CHANNEL STUDY SITE

Scale: 1:782
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SUCKER GLIDE STUDY SITE

Scale: 1:1129
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Scale: 1:927
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APPENDIX C
BED TOPOGRAPHY POINT LOCATIONS
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NARROWSSTUDY SITE

Scale: 1:2791
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ROSEBAR STUDY SITE

Scale: 1:1646
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LOWER HALLWOOD STUDY SITE
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WHIRLPOOL STUDY SITE
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Scale: 1:644
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SIDE-CHANNEL STUDY SITE
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SUCKER GLIDE STUDY SITE
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RAILROAD STUDY SITE
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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

USFWS, SFWO, Energy Planning and Instream Flow Branch

Y uba River Rearing Report
October 8, 2010

144



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

Calculated vs Given Discharge (%)

XS COEFF. ERROR 516 970 1,220

1 3.68 3.5 1.6 0.3 6.7

2 2.90 2.0 17 3.3 15

Sucker Glide Study Site

BETA %MEAN

1930 3,270
74 16
17 1.7

XS COEFF. ERROR 516 970 1,920
1 2.64 0.6 0.7 0.9 0.2
2 2.3 0.0 41 31

Calculated vs Given Discharge (%)

3,270

0.5

18

Railroad Study Site

BETA %MEAN

XS COEFF. ERROR 516 970
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Calculated vs Given Discharge (%)
3,270
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516 970 1220 1,930

Difference (measured vs. pred. WSELS)
3,270

0.00 0.06 0.07 0.02
0.10 0.02

0.01
0.01 0.02 0.01

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 = 200

800 0.66 0.52 £

c -

1,000 0.80 0.64 . 250

1,200 0.93 0.75 T 20 -

1,400 1.05 0.86 .

1,600 1.17 0.96 =

1,800 1.28 1.06 E 100

2,000 1.39 1.17 T ns0-

2,300 1.55 1.31 T

2,500 1.65 1.41 o o om0 aom
2,900 1.85 1.60 )

3,300 2.03 1.78 Discharge (cfs)
3,700 221 1.96 xSl e xs?
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

Diversion
Velocity Adjustment Factors 1an
Discharge Xsec 1 Xsec 2 |

400 0.41 0.69 g 1804

600 0.51 0.75 T 140

800 0.59 0.80 % 1m-

1,000 0.68 0.84 z

1.00 A

1,200 0.75 0.88 i

1,400 0.82 0.92 $ o0&y

1,600 0.89 0.95 2 060 -

1,800 0.95 0.98 E 0 -

2,000 1.01 1.00 3

2,300 1.10 1.04 0404

2,500 1.16 1.06 0.00 - - - .
2,900 1.27 1.11 o 1000 o = a0
3,300 1.37 1.15 Discharge {cfs)
3,700 1.47 1.18 | x5t = x2
4,100 1.57 1.22
4,500 1.66 1.25

Lower Hallwood Study Site

Velocity Adjustment Factors Lower Hallwood

Discharge Xsec 1

150 0.65 1.80

300 0.72 _ ien )

400 0.76 ,E .

600 0.81 =

800 0.84 ‘E' 1.20

1,000 0.87 E 100

1,200 0.90 £ a0

1,400 0.92 <

1,600 0.94 2 "

1,800 0.96 .E 0.40 -

2,000 0.95 = oo |

2,300 0.95 000 . . . .

2,700 0.95 o 1000 200 3000 4100

3,300 0.96 Discharge {(cfs)

4,100 0.97

4,500 0.98 ——xsl
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Whirlpool Study Site

Velocity Adjustment Factors Whll’lpﬂﬂl
Discharge Xsec 1 Xsec 2

300 1.19 1.02 4

400 1.35 1.15 5 351

600 1.60 1.37 E 5]

800 1.81 1.54 ;

1,000 1.99 1.69 E 254

1,200 2.14 1.83 g

1,400 2.28 1.95 £

1,600 2.40 2.06 "]

1,800 2.52 2.16 'E 14

2,000 2.63 2.26 E

2,300 2.78 2.39 05

2,700 2.96 2.55 1] T T T T
3,300 3.20 2.77 o 1000 000 30 4000
4,100 3.49 3.03 Discharge {cfs)
4,500 3.62 3.15 | x5t =_xs2

Sucker Glide Study Site
Velocity Adjustment Factors Sucker Glide
Discharge Xsec 1 Xsec 2

150 0.54 0.34 1.50

300 0.63 0.45 .

400 0.67 0.51 5

600 0.75 0.60 E 120

800 0.80 0.68 t 1004

1,000 0.85 0.74 E

1,200 0.89 0.80 e

1,400 0.93 0.85 = 060

1,600 0.96 0.90 2w

1,800 0.99 0.94 % .

2,000 1.02 0.99 > 020

2,300 1.06 1.04 0.00 : . . .
2,700 1.11 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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Velocity Adjustment Factors

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

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
113

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

USFWS, SFWO, Energy Planning and Instream Flow Branch

Y uba River Rearing Report
October 8, 2010

Velocity Adjustm ent Factor

151

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

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

N 7107
Bifi 43

A 50,78
6214

46 4D

20 86

3122

26 .57
10.93

13,29

Scale: 1:2695

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 .76
44.4
47 08
2074
7.
36.08
22.74
a0.40
2807
1573

2240

Scale: 1:1536

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

32.22
3168
31186

3064

301
29.58
2805
28.52
26.00

27.47

2694

Scale: 1:1024
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

T3
3603
3470

3338

3206
3073
2941
28108
2676

254:

Scale: 1:1252
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

Eed Elevation

3477
34.00 N
33.24 .

J247

HMT0

3094

307

29.40
2663
araEr

2ran

Scale 1:935

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
1221

31T

3124
30,75
3026
2077
2929
28.80
28
2783
2724

Scale: 1:663

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

USFWS, SFWO, Energy Planning and Instream Flow Branch
Y uba River Rearing Report
October 8, 2010

158



SUCKER GLIDE STUDY SITE

Bed Elevation

3530
34.22
3314

3207
3089
2991
2683
275

26 B3

2560

2452

Scale: 1:960

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
34.00 N
3324 A

3247

3 |
30.94
307
29.40
2863
2787

270

Scale: 1:730

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
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Cdlibration Statistics

Site Name Cal Q (cfs) 9% Nodes within0.1' Nodes QI  NetQ SolA Max F
Narrows 4,500 72% 46,061 030 0.00% <.000001 6.56
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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Narrows Site

Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average Standard Deviation M aximum
2 1.0 0.11 0.09 0.25
2LB 10 0.02 0.12 0.10
2RB 10 0.20 0.05 0.25
1 10 0.07 0.01 0.08
Rosebar Site

Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average Standard Deviation Maximum
2 0.75 0.01 0.06 0.09
Diversion Site

Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average Standard Deviation Maximum
2 0.3 0.03 0.03 0.07
2LB 0.3 0.02 0.02 0.07
2RB 0.3 0.06 0.01 0.09

USFWS, SFWO, Energy Planning and Instream Flow Branch
Y uba River Rearing Report
October 8, 2010

163



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
2RB 0.3 0.02 0.006 0.03
Railroad Site

Difference (measured vs. pred. WSELSs, feet)

XSEC Br Multiplier Average Standard Deviation Maximum

2 1.0 0.05 0.02 0.09

USFWS, SFWO, Energy Planning and Instream Flow Branch
Y uba River Rearing Report
October 8, 2010

165



APPENDIX H
VELOCITY VALIDATION STATISTICS

SiteName Number of Correlation Between Measured and
Observations Simulated Velocities

Narrows 2,464 0.65
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 0.43 0.48 3.03
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 25% 19% 88%
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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Northing (m)

Narrows Study Site (upstream half) Narrows StUdy Site Narrows Study Site (downstream half)

2950
2775 4
2725 1
2900 +
2675 +
2850 + 2625 1
E
f=2]
=
£ 2575 1
=
o
=
2800 +
2525 +
2475 4
2750 +
2425 4
2700 f f f f 2375 f f f f f f f f
600 650 700 750 800 850 425 475 525 575 625 675 725 775 825

Easting (m) Easting (m)
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Mamows Study Site X551, 0= 1931 cfs

20
¥
E
=
[
=]
o 10 +
>
oo - A }/ \‘j?.:_J ’ W _T
24086 2426 2446 24686 2486
Horthing {m}
0 Simulated Welocities — Measured Velocities
MNarrows Study Site X52, 0= 1931 cfs
12
10 1
08 +
v
E
06 1
[
=]
m
* 04 4
02 +
oo 1 1 t 1 t t
291 2922 2923 2924 2925 2926 2927

Horthing (m)
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velocity (m#s)

Narrows Study Site Deep Beds A, Q= 1074 cfs

Easting (m}

- 20 Simulated Welociies — Measured Velocities

Narrws Study Site Deep Beds B, Q = 1074 cfs

10
0a -+
)
s 06 T
=
(]
o
E 04 -+
02—+
oo t t t t f
765 770 775 780 785 780
Easting {m}
— -0 Simulated Yelociies — Measured Yelocities
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velocity (m/s)

Narrows Stuchy Site Deep Beds C, Q= 1074 cfs
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06
04 —+
02T
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- 0-0 Simulated Velociies — Measured Velocities
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Narrows Studhy Site Deep Beds E, Q1 = 1074 cfs

06
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welocity (mis)

Velocity (m/s)
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Narows Study Site Deep Beds |, Q@ =1074 cfs
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Narows Studhy Site Deep Beds M, Q = 1074 cfs

Narrows Study Site Deep Beds O, Q= 1074 cfs
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Narrows Study Site Deep Beds Q, Q= 1074 cfs

Narrows Study Site Deep Beds S, Q= 1074 cfs
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Vel ocity (mis)

Vel ocity (m/s)
(o)
[«x]

Namows Study Site Deep Beds U, Q= 1074 cfs
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EXAMPLE HYDRAULIC MODEL OUTPUT
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Railroad Site at 4,500 cfs
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Rosebar Study Site Q;,, = 56.600 m3/s
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Rosebar Study Site

Qi, = 56.600 m3/s

YVelocity (mis)
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Rosebar Study Site

Qi = 56.600 m3/s
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Qi = 56.600 m3/s

Rosebar Study Site
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Rosebar Study Site Detail
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APPENDIX J
SIMULATION STATISTICS
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Narrows Site

Flow (cfs) Net Q Sol A Max F
400 0.03% .000003 74.21
500 10.99% .000005 9.40
600 0.03% <.000001 0.85
700 1.11% .000008 3.47
800 20.18% .000007 6.95
900 2.43% .000006 321

1,000 12.54% .000002 7.81
1,100 14.76% .000004 15.75
1,200 1.88% .000001 1.75
1,300 0.02% .000002 1.99
1,400 0.02% <.000001 1.59
1,500 0.02% <.000001 1.50
1,600 0.00% <.000001 1.43
1,700 0.00% <.000001 2.56
1,800 0.00% <.000001 7.48
1,900 0.00% .000004 5.05
2,000 0.00% <.000001 3.45
2,100 0.01% .000007 231
2,300 0.00% .000006 12.29
2,500 0.01% <.000001 4.22
2,700 0.17% .000001 32.72
2,900 0.01% <.000001 10.28
3,100 0.00% <.000001 15.01
3,300 0.00% .000005 4.81
3,500 0.02% <.000001 4.27
3,700 0.00% .000008 6.12
3,900 0.00% .000004 5.82
4,100 0.00% <.000001 8.75
4,300 0.00% <.000001 6.92
4,500 0.00% <.000001 9.65
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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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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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Fall/spring-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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Fall/spring-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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APPENDIX L
HABITAT MODELING RESULTS
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Narrows Site WUA (ft?)

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

400 1,422 852 1,155 618
500 1,302 719 1,033 510
600 1,401 371 958 290
700 1,364 397 947 306
800 1,300 734 1,032 519
900 1,286 727 1,042 525
1,000 1,276 683 1,026 495
1,100 1,260 611 994 452
1,200 1,264 435 947 341
1,300 1,251 440 946 346
1,400 1,251 440 948 349
1,500 1,255 440 948 353
1,600 1,237 443 949 359
1,700 1,229 449 950 366
1,800 1,225 454 1,619 372
1,900 1,247 457 958 376
2,000 1,296 459 974 379
2,100 1,346 462 992 383
2,300 1,466 470 1,035 395
2,500 1,543 478 1,072 409
2,700 1,584 487 1,108 425
2,900 1,605 497 1,142 447
3,100 1,740 506 1,233 466
3,300 1,792 516 1,295 486
3,500 1,806 527 1,331 518
3,700 1,813 540 1,358 542
3,900 1,805 554 1,373 558
4,100 1,800 568 1,391 576
4,300 1,785 583 1,400 594
4,500 1,788 598 1,414 602
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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

USFWS, SFWO, Energy Planning and Instream Flow Branch
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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

USFWS, SFWO, Energy Planning and Instream Flow Branch
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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

USFWS, SFWO, Energy Planning and Instream Flow Branch
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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
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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 Daguerre 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 Daguerre 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 Daguerre Dam WUA (ft?)

Fall/Spring-Run Chinook Steel head/Rainbow Trout

Flow (cfs) Fry Juvenile Fry Juvenile
400 302,123 122,133 599,581 260,145
500 298,488 138,895 585,381 276,824
600 298,825 152,572 572,320 289,943
700 299,466 166,013 560,190 302,568
800 299,897 178,300 547,332 312,547
900 298,926 186,977 534,750 318,355
1,000 298,855 191,242 522,707 319,124
1,100 298,278 192,140 508,900 315,375
1,200 294,824 192,367 495,958 311,980
1,300 291,956 192,771 485,318 309,000
1,400 288,384 192,045 475,847 304,243
1,500 288,495 187,724 465,245 295,824
1,600 292,850 184,288 464,076 289,786
1,700 296,860 180,222 452,584 283,168
1,800 301,645 178,457 452,388 279,370
1,900 308,573 178,478 444,168 271,911
2,000 317,521 177,265 442,151 275,250
2,100 325,632 177,260 439,185 274,506
2,300 343,055 177,837 435,226 274,694
2,500 357,312 177,681 432,375 273,868
2,700 378,930 178,032 433,345 274,816
2,900 393,057 176,603 435,121 275,553
3,100 400,940 169,937 435,021 273,544
3,300 414,559 166,561 439,016 275,456
3,500 426,434 164,062 444 541 278,187
3,700 423,915 161,574 447,457 281,146
3,900 427,090 160,021 449,583 283,580
4,100 438,631 158,840 454,010 288,168
4,300 441,907 157,479 456,710 293,258
4,500 438,048 158,711 456,399 298,668
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Daguerre 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
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs
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Timbuctoo Steelhead/Rainbow Trout Fry, Q = 917 cfs
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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
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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 Fall/spring-Run Chinook Fry, Q = 2,207 cfs
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Hammond Fall/spring-Run Chinook Juvenile, Q = 2,207 cfs
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Hammond Steelhead/Rainbow Trout Fry, Q = 2,207 cfs
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Hammond Steelhead/Rainbow Trout Juveniles, Q = 2,207 cfs
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Scale 1:720

* =fry locations. Red box delineates area sampled.
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Hammond Steel head/Rainbow Trout Fry, Q=708 cfs
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Lower Daguerre Fall/spring-Run Chinook Fry, Q = 1,560 cfs

Combined Suitability

1.00
e

0.0

0o
0E0
050
0.40
0.30
0zo

.0.10 .
0.00 -

Scale: 1:1158

* =fry locations. Red box delineates area sampled.

USFWS, SFWO, Energy Planning and Instream Flow Branch
Y uba River Rearing Report
October 8, 2010 288



Lower Daguerre Fall/spring-Run Chinook Juvenile, Q = 1,560 cfs
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Side-Channel Fall/spring-Run Chinook Fry, Q = 2,430 cfs
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Side-Channel Fall/spring-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

CSl
adss
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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