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PREFACE

The following is the final report for the U. S. Riand Wildlife Service’s investigations on
anadromous salmonid spawning habitat in Clear Chbetkeen Whiskeytown Dam and Clear
Creek Road. These investigations are part of #r@r@l VValley Project Improvement Act
(CVPIA) Instream Flow Investigations, a 6-year éffwhich began in October, 2001Title 34,
Section 3406(b)(1)(B) of the CVPIA, P.L. 102-57&quires the Secretary of the Interior to
determine instream flow needs for anadromous bslall Central Valley Project controlled
streams and rivers, based on recommendations &f.tBe Fish and Wildlife Service after
consultation with the California Department of Fesid Game (CDFG). The purpose of these
investigations is to provide scientific data to theS. Fish and Wildlife Service Central Valley
Project Improvement Act Program to assist in dgvelp such recommendations for Central
Valley rivers.

Written comments or information can be submitted to

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

Mark_Gard@fws.gov

! This program is a continuation of a 7-year effalp titled the Central Valley Project
Improvement Act Flow Investigations, which ran frémbruary 1995 through September 2001.
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ABSTRACT

Flow-habitat relationships were derived for spring-Chinook salmon and steelhead/rainbow
trout spawning in Clear Creek between Whiskeytovamland Clear Creek Bridge. A
2-dimensional hydraulic and habitat model (RIVER2®@)s used for this study to model
available habitat. Habitat was modeled for thiesseach in the Upper Alluvial and Canyon
segments, which were among those which receivellgheiest use by spawning spring-run
Chinook salmon and steelhead/rainbow trout. Beddoaphy was collected for these sites using
a total station. Additional data was collectedlévelop stage-discharge relationships at the
upstream and downstream end of the sites as ahtmpUVER2D. Velocities measured in the
site were used to validate the velocity predictiohRIVER2D. The raw topography data was
refined by defining breaklines going up the charalehg features such as thalwegs, tops of bars
and bottoms of banks. A finite element computationesh was then developed to be used by
RIVER2D for hydraulic calculations. RIVER2D hydimudata were calibrated by adjusting bed
roughnesses until simulated water surface elevatimatched measured water surface elevations.
The calibrated files for each site were used iInEER2D to simulate hydraulic characteristics for
23 simulation flows. Habitat suitability criterfelSC) were developed from depth, velocity and
substrate measurements collected on 180 sprin@iimook salmon redds and 212
steelhead/rainbow trout redds. The horizontaltiooeof a subset of these redds, located in the
six study sites, was measured with a total statarse in biological validation of the habitat
models. Logistic regression, along with a techaituadjust spawning depth habitat utilization
curves to account for low availability of deep wateith suitable velocities and substrates (Gard
1998), was used to develop the depth and velo®§ HSubstrate HSC were developed based
on the relative frequency of redds with differemibstrate codes. Biological validation was
accomplished by testing, with a Mann-Whitney U tedtether the combined suitability

predicted by RIVER2D was higher at redd locatioessus at locations where redds were absent.
The optimum depths for spring-run Chinook salmod @teelhead/rainbow trout were,
respectively, 6.0 to 6.2 feet and 1.4 to 1.5 feti|e optimum velocities were 2.9 to 3.1 ft/s and
1.6 to 1.7 ft/s and optimum substrates were 2-Haacand 1-2 inches. The flow with the
maximum habitat varied by segment, and ranged &6fnhto 900 cfs for spring-run Chinook
salmon and 350 to 600 cfs for steelhead/rainbowut.tro
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INTRODUCTION

In response to substantial declines in anadromshgpbpulations, 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.
For Clear Creek, the Central Valley Project Improeat Act Anadromous Restoration Plan calls
for a release from Whiskeytown Dam of 200 cfs froetober through June and a release of 150
cfs or less from July through September (U. S. BRisth Wildlife Service 2001). The Clear Creek
study is a 5-year effort, the goals of which ardetermine the relationship between stream flow
and physical habitat availability for all life segyof Chinook salmon (fall- and spring-run) and
steelhead/rainbow trout. There will be four phaseis study based on the life stages to be
studied and the number of segments delineatedléar Creek from downstream of
Whiskeytown Reservoir to the confluence with ther8mento Rivér Spawning habitat study
sites for the first phase of the study were setktitat encompassed the upper two segments of
the creek. The purpose of this study was to predanodels predicting the availability of
physical habitat in Clear Creek between Whiskeyt®am and Clear Creek Road for spring-run
Chinook salmon and steelhead/rainbow trout spawoveg a range of stream flows.

To develop a flow regime which will accommodate liaditat needs of anadromous species
inhabiting streams it is necessary to determinedtationship between streamflow and habitat
availability for each life stage of those speci®¢e are using 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 and Banth@B96). The decision variable generated
by the IFIM is total habitat for each life staggy(fluvenile and spawning) of each evaluation
species (or race as applied to Chinook salmon)itbdancorporates both macro- and
microhabitat features. Macrohabitat features idellongitudinal changes in channel
characteristics, base flow, water quality, and wegmperature. Microhabitat features include
the hydraulic and structural conditions (depthpegy, substrate or cover) which define the
actual living space of the organisms. The totaitahavailable to a species/life stage at any
streamflow is the area of overlap between availabtohabitat and suitable macrohabitat
conditions.

2 There are three segments: the Upper Alluviaised, the Canyon segment, and the
Lower Alluvial segment. Spring-run Chinook salmgpawn in the upper two segments, fall-run
Chinook salmon spawn in the lower segment andrstadlirainbow trout spawn in all three
segments.
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The following is a conceptual model of the linkween spawning habitat and population
change. Changes in flows result in changes inhdegrtd velocities. These changes, in turn,
along with the distribution of substrate, alter #mount of habitat area for adult spawning for
anadromous salmonids. Changes in the amount dah&dr adult spawning could affect
reproductive success through alterations in theusrnof redd superposition. These alterations
in reproductive success could ultimately resulthanges in salmonid populations.

There are a variety of techniques available towatal spawning habitat, but they can be broken
down into three general categories: 1) habitatehog; 2) biological response correlations; and
3) demonstration flow assessment (Annear et alkR20Biological response correlations can be
used to evaluate spawning habitat by examininglégeee of redd superposition at different
flows (Snider et al. 1996). Disadvantages of #proach are: 1) difficulty in separating out
effects of flows from year to year variation in @sement and other factors; 2) the need for many
years of data; 3) the need for intermediate lewkfpawning — at low spawning levels, there will
not be any redd superposition even at low haletatl§, while at high spawning levels, the
amount of superposition cannot be determined becadsvidual redds can no longer be
identified; 4) the need to assume a linear relatgmbetween superposition and flow between
each observed flow; and 5) the inability to extlapmbeyond the observed range of flows.
Demonstration flow assessments (CIFGS 2003) usetdibservation of river habitat conditions
at several flows; at each flow, polygons of halatat delineated in the field. Disadvantages of
this approach are: 1) the need to have binarytdtadiitability criteria; 2) limitations in the
accuracy of delineation of the polygons; 3) thednteeassume a linear relationship between
habitat and flow between each observed flow; ariti@)nability to extrapolate beyond the
observed range of flows. Based on the above dismswe concluded that habitat modeling
was the best technique for evaluating anadromduososad spawning habitat in Clear Creek.

It is well-established in the literature (Rubiraét1991, Knapp and Preisler 1999, Parasiewicz
1999, Geist et al. 2000, Guay et al. 2000, Tiffaale2002, McHugh and Budy 2004) that using
a logistic regression is preferable to developirtgGa with use data only. Traditionally criteria
are created from observations of fish use by fitamonlinear function to the frequency of
habitat use for each variable (depth, velocity, sulgstrate). One concern with this technique is
the effect of availability of habitat on the obseaMrequency of habitat use. For example, if a
substrate size is relatively rare in a stream,iighbe found primarily not using that substrate
size simply because of the rarity of that substsate, rather than because they are selecting areas
without that substrate size. Rubin et al. (199bppsed a modification of the above technique
where depth, velocity, and substrate data areatetleboth in locations where redds are present
and in locations where redds are absent, and stiogegression is used to develop the criteria.
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The results of this study are intended to supporéwase the flow recommendations above.

The range of Clear Creek flows to be evaluatedrfanagement generally falls within the range
of 50 cfs (the minimum required release from Whys&en Dam) to 900 cfs (75% of the outlet
capacity of the controlled flow release from Whigiksvn Dam). Accordingly, the range of
study flows encompasses the range of flows to b&uated for management. The assumptions
of this study are: 1) that physical habitat islitheting factor for salmonid populations in Clear
Creek; 2) that spawning habitat quality can be attarized by depth, velocity and substrate;

3) that the depths and velocities present duritgtéitasuitability index (HSI) data collection
were the same as when the redds were construgtdtht4he six study sites are representative of
anadromous salmonid spawning habitat in Clear Chbetkeen Whiskeytown Dam and Clear
Creek Bridge; 5) that the selected unoccupied iocatwere representative for the Upper
Alluvial and Canyon Segments for the entire 3 yearod for all the spawning data that were
collected; and 6) that theoretical equations ofspda} processes along with a description of
stream bathymetry provide sufficient input to siatalvelocity distributions through a study site.

METHODS

A 2-dimensional (2-D) hydraulic and habitat modeI(ER2D) was used for this modeling,
instead of the Physical Habitat Simulation (PHABSIebmponent of IFIM. The 2-D model
uses as inputs the bed topography and substratsitd, and the water surface elevation at the
bottom of the site, to predict the amount of halptasent in the site. The 2-D model avoids
problems of transect placement, since the entieecain be modeled. The 2-D model also has the
potential to model depths and velocities over geaof flows more accurately than PHABSIM
because it takes into account upstream and dovanstbed topography and bed roughness, and
explicitly uses mechanistic processes (conservationass and momentum), rather than
Manning’s n and a velocity adjustment factor. @#e@vantages of 2-D modeling are that it can
explicitly handle complex habitats, including traesse flows, across-channel variation in water
surface elevations, and flow contractions/exparssiorhe model scale is small enough to
correspond to the scale of microhabitat use dataaé@pths and velocities produced on a
continuous basis, rather than in discrete cellse 2-D model does a better job of representing
patchy microhabitat features, such as gravel patciie data can be collected with a stratified
sampling scheme, with higher intensity samplingneas with more complex or more quickly
varying microhabitat features, and lower intensdynpling in areas with uniformly varying bed
topography and uniform substrate. Bed topograpiaysaibstrate mapping data can be collected

¥ PHABSIM is the collection of one dimensional hyalia and habitat models which are
used to predict the relationship between physiablthat availability and streamflow over a range
of river discharges.
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at a very low flow, with the only data needed ghilow being water surface elevations at the
top and bottom of the site and flow and edge vakxcior validation purposes. In addition,
alternative habitat suitability criteria, such asasures of habitat diversity, can be used.

Sudy Segment Selection

Study segments were delineated within the studyhre&Clear Creek (Figure 1), based on
hydrology and other factors.

Sudy Ste Sdlection

Spring-run Chinook salmon redd count data from 2P003 and steelhead/rainbow trout redd
count data from 2001-2003, collected by the RedfBlish and Wildlife Office, were used to
select study sites. These sites were among thaseeiceived heaviest use by spawning spring-
run Chinook salmon and steelhead/rainbow troutOdtober 2003, we conducted a
reconnaissance of the selected study sites ingperuwo study segments to determine their
viability as study sites. Each site was evaludi@sed on morphological and channel
characteristics which facilitate the developmentetiible hydraulic models. Also noted were
riverbank and floodplain characteristics (e.g.eptéeavily vegetated berms or gradually sloping
cobble benches) which might affect our ability tdlect the necessary data to build these
models. For sites selected for modeling, the lamaws along both riverbanks were identified
and temporary entry permits were sent, accompdyedcover letter, to acquire permission for
entry onto their property during the course ofshedy.

Transect Placement (study site setup)

The study sites were established in February 20w study site boundaries (upstream and
downstream) were generally selected to coincidk thie upstream and downstream ends of the
heavy spawning use areas. A PHABSIM transect Waaeg at the upstream and downstream
end of each study site. The downstream transectwaeled with PHABSIM to provide water
surface elevations as an input to the 2-D modéke Upstream transect was used in calibrating
the 2-D model - bed roughnesses are adjustedthativater surface elevation at the top of the
site matches the water surface elevation predloyeHABSIM. Transect pins (headpins and
tailpins) were marked on each river bank aboveé0tecfs water surface level using rebar driven
into the ground and/or lag bolts placed in treaksu Survey flagging was used to mark the
locations of each pin.
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Figure 1. Clear Creek stream segments and spawning study sites.
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Hydraulic and Structural Data Collection

Vertical benchmarks were established at eachsierve as the vertical elevations to which all
elevations (streambed and water surface) wereargfed. Vertical benchmarks consisted of lag
bolts driven into trees and fence posts or paibtsttock points. In addition, horizontal
benchmarks (rebar driven into the ground) werebéisteed at each site to serve as the horizontal
locations to which all horizontal locations (nortgs and eastings) were referenced.

Hydraulic and structural data collection beganebtary 2004 and was completed in March
2005. The data collected on the upstream and dosams transect included: 1) water surface
elevations (WSELSs), measured to the nearest Odtlatca minimum of three significantly
different stream discharges using standard surgegichniques (differential leveling); 2) wetted
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streambed elevations determined by subtractingw#esured depth from the surveyed WSEL at
a measured flow; 3) dry ground elevations to paattgve bank-full discharge surveyed to the
nearest 0.1 foot; 4) mean water column velocitieasared at a mid-to-high-range flow at the
points where bed elevations were taken; and 5)Xsatbsand cover classification at these same
locations and also where dry ground elevations wereeyed. In between these transects, the
following data were collected: 1) bed elevationh@rizontal location (northing and easting,
relative to horizontal benchmarks); 3) substratel 4) cover. These parameters were collected
at enough points to characterize the bed topograqtstrate and cover of the site. Table 1
gives the substrate codes and size classes uiad study, while Table 2 gives the cover codes
and types used in this study.

Water surface elevations were measured along lastksband, when possible, in the middle of
each transect. The water surface elevations atteatsect were then derived by averaging the
two-three values, except when the difference imatlen exceeded 0.1 foot. When the
difference in water surface elevation betweendatft right banks exceeded 0.1 foot, the water
surface elevation for the side of the river thas wansidered most representative was used.
Mean water column velocities across the transeete wollected as follows. Starting at the
water’s edge, water depths and velocities were madeeasured intervals using a wading rod
and Marsh-McBirnéymodel 2000 or Price AA velocity meter. The dis®imtervals of each
depth and velocity measurement from the headpiailpin were measured using a hand held
laser range findéor measuring tape.

We collected the data between the top and bottansécts by obtaining the bed elevation and
horizontal location of individual points with a &bistation, while the cover and substrate were
visually assessed at each point. Substrate aret ebang the transects were also determined
visually. At each change in substrate size clag®wer type, the distance from the headpin or
tailpin was measured using a hand held laser ranger.

To validate the velocities predicted by the 2-D elpdepth, velocities, substrate and cover
measurements were collected by wading with a wadidgequipped with a Marsh-McBirngy
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 dapdhvelocity were measured. A minimum of
50 representative points were measured per site.

* The stations for the dry ground elevation measungsngere also measured using the
hand held laser range finder.
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Table 1. Substrate codes, descriptors and particle sizes.

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

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 transectdgalwhis stage of zero flow downstream of
the downstream transect acts as a control on ther warface elevations at the downstream
transect. Because the true stage of zero flowésled to accurately calibrate the water surface
elevations on the downstream transect, this sthgero flow in the thalweg downstream of the

downstream transect was surveyed in using diffexeletveling.
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Table 2. Cover coding system.

Cover Category Cover Code
no cover 0.1
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
aguatic vegetation 9
aguatic vegetation + overhead 9.7
rip-rap 10

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

The upstream and downstream transects were modeled?HABSIM to provide water surface
elevations as an input to the 2-D model. By calibg the upstream and downstream transects
with PHABSIM using the collected calibration WSEkg could then predict the WSELSs for
these transects for the various simulation floved tiere to be modeled using RIVER2D. We
then calibrated the RIVER2D models using the highesulation flow. The highest simulation
WSELSs predicted by PHABSIM for the upstream and aisiweam transects could be used for the
upstream boundary condition (in addition to flomplahe downstream boundary condition. The
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PHABSIM predicted WSEL for upstream transect athighest simulation flow could also be
used to ascertain calibration of the RIVER2D madehe highest simulation flow. Once
calibration of the RIVER2D model was achieved athighest simulation flow, the WSELs
predicted by PHABSIM for the downstream transectefach simulation flow were used as an
input for the downstream boundary condition whamrag the RIVER2D model production run
files for the simulation flows. The following de#zes the PHABSIM WSEL calibration process
for the upstream and downstream transects.

All data were compiled and checked before entry PIHABSIM data files. A table of substrate
ranges/values was created to determine the subftratach vertical/cell (e.g, if the substrate
size class was 2-4 inches on a transect from st&fido 70, all of the verticals with station
values between 50 and 70 were given a substrategcoti2.4). Dry bed elevation data in field
notebooks were entered into the spreadsheet taceite bed profile up the banks above the
WSEL of the highest flow to be modeled. An ASGE foroduced from the spreadsheet was run
through the FLOMANN program (written by Andy Hamoitt) to get the PHABSIM input file and
then translated into RHABSIMiles. A separate PHABSIM file was constructeddach study
site. All of the measured WSELs were checked tkemsare that water was not flowing uphill.
The slope for each transect was computed at eaaburel flow as the difference in WSELSs
between the two transects divided by the distaeteden the two. The slope used for each
transect was calculated by averaging the slopeputad for each flow. A total of four or five
WSEL sets at low, medium, and high flows were udédlVSELs were available for several
closely spaced flows, the WSEL that correspondel thie velocity set or the WSEL collected at
the lowest flow was used in the PHABSIM data fil€Zalibration flows in the data files were the
flows calculated from gage readings. The stageeds flow (SZF), an important parameter used
in calibrating the stage-discharge relationships determined for each transect and entered. In
habitat types without backwater effects (e.g.lasfand runs), this value generally represents the
lowest point in the streambed across a transeotveier, if a transect directly upstream contains
a lower bed elevation than the adjacent downstteansect, the SZF for the downstream
transect applies to both. In some cases,adlected in between the transects showed a higher
thalweg elevation than either transect; in theses#he higher thalweg elevation was used as the
SZF for the upstream transect.

The first step in the calibration procedure waddtermine the best approach for WSEL
simulation. Initially, thd FG4 hydraulic model (Milhougt al., 1989) was run on each deck to
compare predicted and measured WSELs. This maddupes a stage-discharge relationship
using a log-log linear rating curve calculated frateast three sets of measurements taken at
different flows. BesideH~G4, two other hydraulic models are available in PHAB$o predict

® RHABSIM is a commercially produced software (Pagnd Associates 1998) that
incorporates the modeling procedures used in PHMBSI
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stage-discharge relationships. These modelsIBtANSQ, which operates under the
assumption that the condition of the channel amchtiture of the streambed controls WSELSs;
and 2)WSP, the water surface profile model, which calculdtesenergy loss between transects
to determine WSELSMANSQ, like IFG4, evaluates each transect independe¥§P must, by
nature, link at least two adjacent transects.

IFG4, the most versatile of these models, is considerdédve worked well if the following
criteria are met: 1) the beta value (a measutkeothange in channel roughness with changes in
streamflow) is between 2.0 and 4.5; 2) the meaor @nrcalculated versus given discharges is
less than 10%; 3) there is no more than a 25%rdiffee for any calculated versus given
discharge; and 4) there is no more than a 0.1didierence between measured and simulated
WSELS. MANSQ is considered to have worked well if the secomduph 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 difference between measamddsimulated WSELs. The first three
IFGA4 criteria are not applicable WSP.

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

RIVER2D Model Construction

After completing the PHABSIM calibration processatoive at the simulation WSELSs that will
be used as inputs to the RIVER2D model, the next istto construct the RIVER2D model using
the collected bed topography data. The totalstatata and the PHABSIM transect data were
combined in a spreadsheet to create the input(filed and substrate) for the 2-D modeling
program. An artificial extension one channel-witlthg was added upstream of the top of the
site to enable the flow to be distributed by thedelavhen it reached the study area, thus
minimizing boundary conditions influencing the flahstribution at the upsteam transect and
within the study site.

® The first three criteria are from U.S. Fish and diié Service (1994), while the fourth
criterion is our own criterion.
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The bed files contain the horizontal location (horgy and easting), bed elevation and initial bed
roughness value for each point, while the substilatecontain the horizontal location, bed
elevation and substrate code for each point. iii@libed roughness value for each point was
determined from the substrate and cover codeh&mtoint and the corresponding bed
roughness values in Table 3, with the bed roughwase for each point computed as the sum of
the substrate bed roughness value and the covepbghness value for the point. The resulting
initial bed roughness value for each point wasedtoee a combined matrix of the substrate and
cover roughness values. The bed roughness valusslistrate in Table 3 were computed as
five times the average patrticle siz& he bed roughness values for cover in Tabler@we
computed as five times the average cover size,enhercover size was measured on the
Sacramento River on a representative sample of @ements of each cover type. The bed and
substrate files were exported from the spreadsteASCI files.

A utility program, R2D_BED (Steffler 2001a), wasedsto define the study area boundary and to
refine the raw topographical data TIN (triangulaiteegular network) by defining breaklirfes
following longitudinal features such as thalweggst of bars and bottoms of banks. Breaklines
were also added along lines of constant elevatiamadditional utility program, R2D_MESH
(Steffler 2001b), was used to define the inflow antflow boundaries and create the finite
element computational mesh for the RIVER2D mod®D_MESH uses the final bed files as an
input. The first stage in creating the computatlanesh was to define mesh breaklthekich
coincided with the final bed file breaklines. Atidnal mesh breaklines were then added
between the initial mesh breaklines, and additioiales were added as needed to improve the
fit between the mesh and the final bed file anoiprove the quality of the mesh, as measured
by the Quality Index (QI) value. The QI is a measof how much the least equilateral mesh
element deviates from an equilateral triangle. idgal mesh (all equilateral triangles) would
have a QI of 1.0. A QI value of at least 0.2 iasidered acceptable (Steffler 2001b). The final
step with the R2D_MESH software was to generatetmeputational (cdg) files.

’ 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).

8 Breaklines are a feature of the R2D_Bed prograrniciorce the TIN of the bed nodes
to linearly interpolate bed elevation and bed rowggs values between the nodes on each
breakline and force the TIN to fall on the brea&br(Steffler 2001a).

°® Mesh breaklines are a feature of the R2D_MESH raragvhich force edges of the
computation mesh elements to fall on the mesh breskand force the TIN of the
computational mesh to linearly interpolate the bledation and bed roughness values of mesh
nodes between the nodes at the end of each breadgment (Steffler 2001b). A better fit
between the bed and mesh TINs is achieved by hakexghesh and bed breaklines coincide.
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Table 3. Initial bed roughness values. For points with substrate code 9, we used bed
roughnesses of 0.71 and 1.95, respectively, for cover codes 1 and 2. Bed
roughnesses of zero were used for cover codes 1 and 2 for all other substrate codes,
since the roughness associated with the cover was included in the substrate roughness.

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

0.1 0.05 0.1 0

1 0.1 1 0

1.2 0.2 2 0
1.3 0.25 3 0.11
2.3 0.3 3.7 0.2
2.4 0.4 4 0.62
34 0.45 4.7 0.96
3.5 0.5 5 1.93
4.6 0.65 5.7 2.59
6.8 0.9 7 0.28
8 1.25 8 2.97
9 0.05 9 0.29
10 14 9.7 0.57
10 3.05

RIVER2D Model Calibration

Once a RIVER2D model has been constructed, caliloréd then required to determine that the
model is reliably simulating the flow-WSEL relatsinp that was determined through the
PHABSIM calibration process using the measured WsSELhe cdg files were opened in the
RIVER2D software, where the computational bed toaplly mesh was used together with the
WSEL at the bottom of the site, the flow enterihg site, and the bed roughnesses of the
computational mesh elements to compute the depthasities and WSELSs throughout the site.
The basis for the current form of RIVER2D is giverGhanem et al (1995). The computational
mesh was run to steady state at the highest fldve tsimulated, and the WSELSs predicted by
RIVER2D at the upstream end of the site were coetpty the WSELSs predicted by PHABSIM
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at the upstream transect. The bed roughnesske obtnputational mesh elements were then
modified by multiplying them by a constant bed rongss multiplier (BR Mult) until the WSELs
predicted by RIVER2D at the upstream end of themsiatched the WSELSs predicted by
PHABSIM at the upstream transect. A stable satutudl generally have a solution change (Sol
A) of less than 0.00001 and a net flow (Net Q) e§lthan 1% (Steffler and Blackburn 2001). In
addition, solutions for low gradient streams shaiddally have a maximum Froude Number
(Max F) of less than'd Finally, the WSEL predicted by the 2-D modelslidoe within 0.1

foot (0.031 m) of the WSEL measured at the upstreansect.

RIVER2D Model Velocity Validation

Velocity validation is the final step in the preaton of the hydraulic models for use in habitat
simulation. Velocities predicted by RIVER2D wepared with measured velocities to
determine the accuracy of the model's predictidmsean water column velocities. The
measured velocities used were the velocities medsur the upstream and downstream
transects, and the 50 velocities per site measareetween the upstream and downstream
transects.

RIVER2D Model Simulation Flow Runs

After the River2D model was calibrated, the flovdalownstream WSEL in the calibrated cdg
file were changed to provide initial boundary cdimhis for simulating hydrodynamics of the
sites at the simulation flows. The cdg file foclkedlow contained the WSEL predicted by
PHABSIM at the downstream transect at that flovecltdischarge was run in RIVER2D to
steady state. Again, a stable solution will gelhehave a SolA of less than 0.00001 and a Net
Q of less than 1%. In addition, solutions will aBy have a Max F of less than 1.

Habitat Quitability Criteria (HSC) Data Collection

Habitat suitability curves (HSC or HSI Curves) ased within 2-D habitat modeling to translate
hydraulic and structural elements of rivers intdices of habitat quality (Bovee 1986). The
primary habitat variables which are used to agskgsical habitat suitability for spawning
Chinook salmon and steelhead/rainbow trout aremneegpth, velocity, and substrate
composition. One HSC set for spring-run Chinodknea and one HSC set for steelhead/

9" This criteria is based on the assumption that flovew gradient streams is usually
subcritical, where the Froude number is less th@Peler Steffler, personal communication).

1 We have selected this standard because it imdathused for PHABSIM (U. S. Fish
and Wildlife Service 2000).
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rainbow trout were used in this study. The spmmg-Chinook salmon and steelhead/rainbow
trout criteria were based on data collected by sfahe Red Bluff Fish and Wildlife Office on
spring-run Chinook salmon and steelhead/rainbout tredds in Clear Creek in 2003-2005.

For habitat suitability criteria data collectio, @ the active redds (those not covered with
periphyton growth) which could be distinguished evareasured. Data were collected from an
area adjacent to the redd which was judged to hamnilar depth and velocity as was present at
the redd location prior to redd construction. [Depts recorded to the nearest 0.1 foot and
average water column velocity was recorded to dagast 0.01 ft/s. Measurements were taken
with a wading rod and a Marsh-McBirrfeynodel 2000 velocity meter. Substrate was viguall
assessed for the dominant particle size range (amge of 1-2 inches) at three locations: 1) in
front of the pit; 2) on the sides of the pit; andrBthe tailspill. The substrate coding systeracus
is shown in Table 1. All data were entered intaeadsheets for analysis and development of
HSCs.

Biological Validation Data Collection

Biological validation data were collected to tdst hypothesis that the compound suitability
predicted by the River2D model is higher at loaagiavhere redds were present versus locations
where redds were absent. The compound suitalsilitye product of the depth suitability, the
velocity suitability, and the substrate suitabiliffhe collected biovalidation data were the
horizontal locations of redds. Depth, velocitygdaubstrate size as described in the previous
section on habitat suitability criteria data colien were also measured. The hypothesis that the
compound suitability predicted by the River2D modditigher at locations where redds were
present versus locations where redds were absengtatstically tested with a Mann-Whitney U
test.

The horizontal location of the redds found in fstady sites during the survey for spring-run
Chinook salmon redds conducted on October 18 apnd@M was recorded by sighting from the
total station to a stadia rod and prism. The lomial location of the redds found in three study
sites during surveys for steelhead/rainbow trodtiseconducted on March 3-4, 2004 were also
recorded by sighting from the total station toadgt rod and prism. All data for the spring-run
Chinook salmon and steelhead/rainbow trout redds emetered into spreadsheets.

Habitat Quitability Criteria (HSC) Devel opment

The collected redd depth and velocity data mugirbeessed through a series of steps to arrive at
the HSC that will be used in the RIVER2D model tedict habitat suitability. Using the spring-
run Chinook salmon and steelhead/rainbow trout spay\HSC data that were collected in
2003-2005, we applied a method presented in Rutah €1991) to explicitly take into account
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habitat availability in developing HSC criteria,tivout using preference ratios (use divided by
availability). Criteria are developed by usingpgistic regression procedure, with presence or
absence of redds as the dependent variable anll @egtvelocity as the independent variables,
with all of the data (in both occupied and unocedgdobcations) used in the regression.

Velocity and depth data were obtained for locatwithin each site where redds were not found
(unoccupied). These data were obtained by runaifiigal River2D cdg file for each site at the
average flow for the period leading up to the diagelocation of extant redds were recorded
using a total station and the depth and velocitg égere collected. After running the final
River2D models for each study site, velocity andtdelata at each node within the file were
then downloaded. Using a random numbers genei6runoccupied points for larger sites and
50 points for smaller sites were selected thatthadollowing characteristics: 1) were more
than three feet from a redd recorded during thel20@vey; 2) were inundated; 3) were more
than three feet from any other point that was sete@and 4) were located in the site, rather than
in the upstream extension of the file. For thdse\ssites where zero redds were measured, only
the latter three characteristics were applicablaéaandomly selected points. We then selected
200 points from the larger sites and used all unpied points (approximately 50) for the smaller
sites.

We then used a polynomial logistic regression (SX52002), with dependent variable
frequency (with a value of 1 for occupied locati@msl O for unoccupied locations) and
independent variable depth or velocity, to devalepth and velocity HSI. The logistic
regression fits the data to the following expressio

Exp (I+J*V+K*A%L*V3+M* V4
FreqUenCy =  =mmmmmmmmmmmmmm e :
T+Exp (I+3*V+K¥2+L*V3+M* V4

where Exp is the exponential function; I, J, Kabhd M 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 includéaf the terms. If any of the coefficients oeth
constant were not statistically significant at p.85, the associated terms were dropped from the
regression equation, and the regression was repeatee results of the regression equations
were rescaled so that the highest value was 1h@.rdsulting HSC were modified by truncating
at the slowest/shallowest and deepest/fastest sadbat the next shallower depth or slower
velocity value below the shallowest observed deptthe slowest observed velocity had a Sl
value of zero, and so that the next larger depfasier velocity value above the deepest
observed depth or the fastest observed velocityaha8l value of zero; and eliminating points
not needed to capture the basic shape of the curves
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A technique to adjust depth habitat utilizationvas for spawning to account for low availability
of deep waters with suitable velocity and substf@&rd 1998) was applied to the steelhead/
rainbow trout HSC data. The technique begins vinthdonstruction of multiple sets of HSC,
differing only in the suitabilities assigned fortmpum depth increments, to determine how the
available creek area with suitable velocities anastrates varied with depth. Ranges of suitable
velocities and substrates were determined fronveétacity and substrate HSC curves, with
suitable velocities and substrates defined as twitbeHSC values greater than 0.5. For
substrate, we changed the definition of suitabbssate codes to be substrates with a suitability
greater than 0.4. A range of depths is selectadjrgy at the depth at which the initial depth
HSC reached 1.0, through the greatest depth atwthere were redds or available habitat. A
series of HSC sets are constructed where: 1¥ #leosets have the same velocity and substrate
HSC curves, with values of 1.0 for the suitableoe#y and substrate range with all other
velocities and substrates assigned a value oB@d2) each set has a different depth HSC curve.
To develop the depth HSC curves, each HSC sesigressl a different half-foot depth increment
within the selected depth range to have an HSCGewvallll.0, and the other half-foot depth
increments and depths outside of the depth ranvgdua of 0.0 (e.g., 1.5-1.98 foot depth HSC
value equal 1.0, < 1.5 foot and >1.98 foot deptB&LHalue equals 0.0 for a depth increment of
1.5-1.98 feet). Each HSC set is used in RIVER2ih wie calibrated RIVER2D file for each
study site at which HSC data were collected fot tha. The resulting habitat output is used to
determine the available river area with suitablesites and substrates for all half-foot depth
increments.

To modify the steelhead/rainbow trout HSC deptlveuo account for the low availability of
deep water having suitable velocities and substrateequence of linear regressions (Gard 1998)
was used to determine the relative rate of dedfnese versus availability with increasing depth.
Habitat use by spawning steelhead/rainbow trodéefsied as the number of redds observed in
each depth increment. Availability data were dateed using the output of the calibrated
hydraulic River2D files for the six spawning habnaodeling sites at which HSC data were
collected, while redd data from these six sitesewesed to assess use. Availability and use are
normalized by computing relative availability argeyuso that both measures have a maximum
value of 1.0. Relative availability and use arkewdated by dividing the availability and use for
each depth increment by the largest value of aviéithaor use. To produce linearized values of
relative availability and use at the midpointstod tepth increments (i.e., 1.74 feet for the 1.5-
1.98 feet depth increment), we used linear regrasf relative availability and use versus the
midpoints of the depth increments. Linearizedigashvided by linearized availability for the
range of depths where the regression equationscppaabitive relative use and availability. The
resulting use-availability ratio is standardizedtsat the maximum ratio is 1.0. To determine the
depth at which the depth HSC would reach zerod#peh at which the scaled ratios reach zero),
we used a linear regression with the scaled ratosus the midpoint of the depth increments.
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Substrate criteria were developed by: 1) detemgitine number of redds with each substrate
code (Table 1); 2) calculating the proportion afde with each substrate code (humber of redds
with each substrate code divided by total numbeeddfls); and 3) calculating the HSI value for
each substrate code by dividing the proportioredfis in that substrate code by the proportion of
redds with the most frequent substrate code.

Biological Validation

We compared the combined habitat suitability preedidy RIVER2D at each spring-run
Chinook salmon redd location in five of the sixdstisites where data was collected on October
18 and 21, 2004. We also did the same for eaelthsi@d/rainbow trout redd location in three of
the six study sites where data was collected orcMar4, 2004. We ran the RIVER2D cdg files
at the average flows for the period from the sththe spawning season up to the end of redd
location data collection as described previousithanHabitat Suitability Criteria Development
section to determine the combined habitat suitgiali individual points for RIVER2D. We

used the horizontal location measured for each ted@termine the location of each redd in the
RIVER2D sites. We used a random number generateelect locations without redds in each
site. Locations were eliminated that: 1) wers libsn 3 feet from a previously-selected
location; 2) were less than 3 feet from a reddtiooa 3) were not located in the wetted part of
the site; and 4) were located in the site, rathan in the upstream extension of the file. We used
Mann-Whitney U tests (Zar 1984) to determine whiethe compound suitability predicted by
RIVER2D was higher at redd locations versus loceti@here redds were absent.

Habitat Smulation

The final step was to simulate available habitaefaich site. A preference curve file was created
containing the digitized HSC developed for the €Cleeeek spring-run salmon and
steelhead/rainbow trout (Appendix H). RIVER2D waed with the final cdg production files,
the substrate file and the preference curve fileotmpute WUA for each site over the desired
range of simulation flows for all sites. The preséor determining WUA from the HSC was to
multiply together the suitability of each of theeh variables, and then multiply this product by
the area represented by each node. The sum fofrthk nodes of this product is the WUA. The
WUA values for the sites in each segment were atlfgether and multiplied by the ratio of
total redds counted in the segment to number afs@dthe modeling sites for that segment to
produce the total WUA per segment. The spring€ahmook salmon and steelhead/rainbow
trout multipliers were calculated using redd courisn, respectively, 2000-2005 and 2001-
2005.
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Sengitivity Analysis

We conducted a sensitivity analysis on the sprurg€hinook salmon depth HSC by comparing
the flow-habitat results from the original depthGifith the flow-habitat results from two
alternative depth HSC. For both alternative dé&iC, we used the results of the logistic
regression discussed above under HSC developmeatthp first maximum of the regression.
We then applied the Gard (1998) depth correctiothoteto determine the value at which the
first alternative depth HSC reached zero. Themsg@adternative depth HSC used the same value
as for steelhead where the depth suitability redhaleeo. We used both alternative depth HSC
along with the original spring-run Chinook salmaocity and substrate HSC in RIVER2D with
the final cdg production files and the substraeeth compute WUA for each site over the
desired range of simulation flows for all sitesheTWUA values for the sites in each segment
were added together and multiplied by the ratitotdl redds counted in the segment to number
of redds in the modeling sites for that segmemréaluce the total WUA per segment.

RESULTS
Sudy Segment Selection

We have divided the Clear Creek study area inteetlstream segments: Upper Alluvial Segment
(Whiskeytown Dam to NEED Camp Bridge); Canyon Segin(EED Camp Bridge to Clear
Creek Road Bridge); and Lower Alluvial Segment @tl€reek Road Bridge to Sacramento
River). The first two segments address spring€hmook salmon and steelhead/rainbow trout
while the last segment addresses fall-run Chinadken and steelhead/rainbow trout.

Sudy Ste Sdlection

After reviewing the field reconnaissance notes @misidering time and manpower constraints,
six study sites (Table 4 and 5) were selected fadeting in Upper Alluvial and Canyon
Segments (three sites in each segment). UppeviallBegment: 1) Spawn Area 4; 2) Peltier;
and 3) NEED Camp. Canyon Segment: 4) Indian Ritntkd Upper Placer; and 6) Lower
Placer.

Hydraulic and Structural Data Collection

Water surface elevations were measured at all aitdge following flow ranges: 70-71 cfs, 200-
255 cfs, 446-454 cfs, and 623-750 cfs. Depth aldcity measurements on the transects were
collected at the Spawn Area 4 and Peltier trans#@60 cfs, NEED Camp transects at 213 cfs,
Indian Rhubarb transects at 214 cfs, and UppeePtaansects at 251 cfs. Depth and velocity
measurements were collected at the Lower Placensto@am transect at 255 cfs and at the
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Table 4. Top-ranked mesohabitat units for spring-run Chinook salmon spawning based
on 2000-2003 redd survey data.

Site Name Stream Segment 2000 2001 2002 2003
Spawn Area 4 Upper Alluvial 0 0 4 0
Peltier Upper Alluvial 0 1 9 2
NEED Camp Upper Alluvial 2 0 17 2
Indian Rhubarb Canyon 0 0 5 3
Upper Placer Canyon 0 3 2 0
Lower Placer Canyon 0 0 2 1

Table 5. Top-ranked mesohabitat units for steelhead/rainbow trout spawning based on
2001-2003 redd survey data. Steelhead/rainbow trout spawn primarily in the Upper
Alluvial Segment.

Site Name Stream Segment 2001 2002 2003
Spawn Area 4 Upper Alluvial 5 7 7
Peltier Upper Alluvial 4 24 25
NEED Camp Upper Alluvial 2 5 2
Indian Rhubarb Canyon 0 0 1
Upper Placer Canyon 0 1 0
Lower Placer Canyon 0 0 0

upstream transect at 253 cfs. The number andtglerigoints collected for each site are given
in Table 6. Validation velocities were collectadadlow range of 200-300 cfs. The exception

was Indian Rhubarb, where a portion of the valatatielocities were measured at a flow of 71
cfs.

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

No problems with water flowing uphill were found fany of the six study sites. A total of four
WSEL sets at low, medium, and high flows were usedept for the Indian Rhubarb
downstream transect, where five sets of WSELs weeel. Calibration flows (the initial creek
discharge values from Whiskeytown Dam for SpawrneAfeand Peltier sites, combined
Whiskeytown Dam and Page-Boulder Creek gage digehaalues for NEED Camp and Indian
Rhubarb, and IGO gage discharge values for Uppiawer Placer) in the PHABSIM data
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Table 6. Number and density of data points collected for each site.

Number of Points

Site Name Points on Points Between Transects Density of Points

Transects Collected with Total Station (points/100 m?)
Spawn Area 4 62 624 14.2
Peltier 76 2189 17.3
NEED Camp 68 952 19.7
Indian Rhubarb 57 128 48.1
Upper Placer 76 124 47.5
Lower Placer 54 232 32.9

files and the SZFs used for each transect are givAppendix A. For a majority of the
transects|FG4 met the criteria described in the methodd k84 (Appendix A). In the cases

of the Peltier and Indian Rhubarb downstream tretssave needed to simulate low and high
flows with differentsets of calibration WSELs (Appendix A) to meet tR&4 criteria. For the
Indian Rhubarb downstream transect, where we hasuned five sets of WSELK;G4 could

be run for the low flows using the three lowesthration WSELSs, and run for high flows using
the three highest calibration WSELs. For the Peltownstream transect, where we had
measured only four sets of WSELSs, we were forcadindFG4 for the low flows using the three
lowest calibration WSELs and for the high flowsngsthe three highest WSELs. However,
usinglFG4 for the three highest WSELSs did not meet the nreaissimulated WSEL criterion

for the 446 cfs calibration flow with a simulatedSHEL value that differed from the measured by
0.11. MANSQ worked successfully for the two transects wheweais used, meeting the criteria
described in the methods MANSQ (Appendix A). WSP worked successfully for the remaining
transect, meeting the criteria described in théhous forWWSP. None of the transects deviated
significantly from the expected pattern of VAFs @gmdix B). Minor deviations in the expected
pattern were observed with the Peltier and Uppacd?ldownstream transects. VAF values
(ranging from 0.34 to 2.52) were all within an guedle range for all transects.

RIVER2D Model Construction

The bed topography of the sites is shown in Appefdi The finite element computational mesh
(TIN) for each of the study sites are shown in Apir D. As shown in Appendix E, the meshes
for all sites had QI values of at least 0.30. Pphecentage of the original bed nodes for which the
mesh differed by less than 0.1 foot (0.03 m) friwn ¢levation of the original bed nodes ranged
from 90% to 95%Appendix E).
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The sites were calibrated at 900 cfs, the highesilation flow. The calibrated cdg files all had
a solution change of less than 0.00001, with the&#@r all sites less than 1% (Appendix E).
The calibrated cdg file for all study sites, witletexception of Upper Placer site, had a
maximum Froude Number of greater than 1 (AppendixfEour of the six study sites had
calibrated cdg files with WSELSs that were withid @oot (0.031 m) of the PHABSIM predicted
WSELs (Appendix E). For Upper Placer site, the BR2D predicted WSEL near the water’s
edge along the right bank was exactly 0.1 foot3D.t) lower than the PHABSIM predicted
WSEL, while along the left bank the RIVER2D predatWSEL was higher by 0.11 foot (0.035
m) compared to the PHABSIM predicted WSEL. In¢hse of the Peltier site, we attempted
calibration at the highest simulation flow of 9G8 and at the highest measured flow of 750 cfs.
In both cases, the WSELS were off by 0.13 foot40r).

RIVER2D Model Velocity Validation

See Appendix F for velocity validation statistigslthough there was a strong correlation
between predicted and measured velocities, there significant differences between individual
measured and predicted velocities. In generalsithelated and measured velocities profiles at
the upstream and downstream transects (AppendueFg relatively similar in shape.

Overall, the simulated velocities for Spawn Areaatsects 1 and 2 were relatively similar to the
measured velocities. However, in both cases,aparent that the simulated velocities were
higher on the east side of the channel, with thrukited velocities for the middle portion of the
channel being somewhat lower than the measureditiek In the case of Peltier transect 1, the
velocity simulated by RIVER2D at the farthest wasie of the channel was much higher than
the measured velocity for that location. Sevefahe other simulated velocities on the west side
of the channel were significantly lower than theasweed values. For Peltier transect 2, the
velocities simulated by RIVER2D in the middle paithe channel were significantly lower than
the measured velocities. For NEED Camp transetielyelocities simulated by RIVER2D on
the south side of the channel were similar to tleasared velocities, with the exception of one
value at the far south end of the channel thatsigrsficantly higher than the measured
velocities. In the case of NEED Camp transecti2HR2D under-predicted the velocities on
the far south side and the middle of the channleilevover-predicting the velocities on the north
side of the channel. In the case of Indian Rhubarsect 1, the simulated and measured
velocities for the most part matched relativelylywelth somewhat higher measured velocities
along the transect. Indian Rhubarb transect 2tivageverse of transect 1, with the RIVER2D
model under-predicting the velocities on the fastsde of the channel and over-predicting the
velocities for most of the rest of the transectef@ll, the RIVER2D simulated velocities for
Upper Placer transect 1 compared relatively wekhe measured velocities, with somewhat
lower measured velocities on the west side of banel and somewhat higher measured
velocities on the east side of the chanr&r Upper Placer transect 2, the simulated vekxiti
were relatively similar to the measured velocitieg, differences in magnitude falling within the
expected amount of variation. The measured andlated velocities for Lower Placer transect
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1 were relatively similar, the differences in magde falling within the expected amount of
variation. For Lower Placer transect 2, RIVER2fngicantly under-predicted the velocities
throughout most of the middle portion of the trastsand over-predicted the velocities on both
sides of the transect.

RIVER2D Model Simulation Flow Runs

The simulation flows were 50 cfs to 300 cfs by &increments and 300 cfs to 900 cfs by 50 cfs
increments. The production cdg files all had aisoh change of less than 0.00001, but the Net
Q was greater than 1% for 10 flows for Peltierladvé for NEED Camp, 4 flows for Upper
Placer, and 1 flow for Lower Placer (Appendix ®&).the case of Peltier, two of the production
files had Net Q values that exceeded 5%. The maxidfiroude Number was greater than 1 for
all of the simulated flows for Peltier, Spawn AlgaNEED Camp, and Lower Placer, 14
simulated flows for Indian Rhubarb, and 10 simudtews for Upper Placer (Appendix G).

Habitat Quitability Criteria (HSC) Data Collection

The location of depth and velocity measurementsgeagrally about 2 to 4 feet upstream of the
pit of the redd; however on rare occasions it wasessary to make measurements at a 45 degree
angle upstream. The data were almost always tetlegithin 5 feet of the pit of the redd.

Data relative to depth, velocity, and substrate siere collected for a total of 180 spring-run
Chinook salmon redds in Clear Creek on Septemlieéct8ber 23, 2003, September 9-October
23, 2004 and September 6-October 21, 2005 in thpeiJplluvial and Canyon Segments.
However, for some of the redds, one or more ofti@ve variables were not measured.
Velocities, depths and substrates were measurgteipectively, 170, 177 and 166 redds. Data
relative to the above variables were measured fotahof 212 steelhead/rainbow trout redds in
Clear Creek on January 2-June 19, 2003, Januadyly2t6, 2004 and December 21-May 2,
2005 in the Upper Alluvial and Canyon Segments.wihk the spring-run Chinook salmon
redds, one or more of the above variables wereneaisured for some redds. Velocities, depths
and substrates were measured for, respectively,2li86and 191 redds.

During 2003-2005, flows in the Upper Alluvial an@i@/on Segments fluctuated during the
September-October periods when spring-run Chinabk@n spawning data were collected. In
2003-2005, Upper Alluvial Segment flow ranges wesdollows: 147-200 cfs, 75-200 cfs, and
120-200 cfs. In the Canyon Segment, flows rangae was follows for 2003-2005: 150-213 cfs,
75-286 cfs, and 126-208 cfs (Figure 2). During2@005, flows in the Upper Alluvial Segment
remained stable at 200 cfs during the months Heasteelhead/rainbow trout spawning data were
collected. The only significant fluctuations oW for the Upper Alluvial Segment were during
2003: January 27 and 28, when flows spiked tocf2and 869 cfs, respectively and May 28-
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Figure 2. 2003-2005 Clear Creek flows in the Upper Alluvial and Canyon Segments during spring-run Chinook salmon
spawning data collection. The thicker lines show the sampling periods.
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June 19, when flows decreased to 140 cfs (Figurel@the Canyon Segment, flows fluctuated
during the months when steelhead/rainbow trout spaywata were collected in 2003-2005:
159-3590 cfs in 2003, 72-2440 cfs in 2004, and 2220 cfs in 2005.

The spring-run salmon HSC data had depths rangomy 0.8 to 7.0 feet deep, velocities ranging
from 0.70 to 4.40 ft/s, and substrate sizes ranfyjomg 1-2 inches to 4-6 inches. The
steelhead/rainbow trout HSC data had depths rarigpng 0.4 to 4.0 feet deep, velocities
ranging from 0.61 to 3.89 ft/s, and substrate siaaging from 0.1-1 inch to 4-6 inches.

Biological Validation Data Collection

During the survey for spring-run Chinook salmond®donducted on October 18 and 21, 2004,
we measured O redds at Spawn Area 4, 2 reddstarP2lredds at NEED Camp, 1 redd at

Indian Rhubarb, 1 redd at Lower Placer, and 1 et¢ddipper Placer, for a total of 7 redds for the
six study sites. While conducting the March 2d04, steelhead/rainbow trout redd surveys, we
measured 5 redds at Spawn Area 4, 19 redds a¢R&ltiedds at NEED Camp, O redds at Indian
Rhubarb, 0 redds at Lower Placer, and 0 redds petJplacer, for a total of 26 redds for the six
study sites.

Habitat Quitability Criteria (HSC) Devel opment

For the seven spring-run Chinook salmon occupiedtpgdSpawn Area 4 = 0 redds, Peltier = 2
redds, NEED Camp = 2 redds, Indian Rhubarb = 1,reolder Placer = 1 redd, Upper Placer = 1
redd) collected on October 18, 2004, the flows veereraged from September 1-October 18,
2004, for all the sites with the exception of ImdRRhubarb. This was done since spring-run
Chinook salmon spawning typically starts in Septendnd October 18 was the day when the
data was collected for the redds where the locatiegre recorded with total station. In the case
of Indian Rhubarb, the data on the redd wheredbation was recorded with total station were
not collected until October 21, 2004, so the flavese averaged from September 1-October 21,
2004. The averaged flows used for the final Rifzefiles were 161 cfs for Spawn Area 4 and
Peltier, 164 cfs for NEED Camp, 166 cfs for IndRinubarb, and 172 cfs for Lower and Upper
Placer. For the twenty-six steelhead/rainbow tomaupied points (Spawn Area 4 = 5 redds,
Peltier = 19 redds, NEED Camp = 2 redds, Indiantfahin = O redds, Lower Placer = 0 redds,
Upper Placer = 0 redds) collected on March 3-442@te flows were averaged from January 1-
March 4, 2004. The average flows used for thd fRieer2D files were 200 cfs for Spawn Area
4 and Peltier, 262 cfs for NEED Camp and Indiantiinb, and 466 cfs for Lower and Upper
Placer.

Initially, 300 unoccupied points for the largeresi{Spawn Area 4, Peltier and NEED Camp) and
50 points for the smaller sites (Indian Rhubarbyé&opPlacer and Upper Placer), were selected.
We ended up with fewer than 50 unoccupied pointe&ch of the smaller sites because the
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Figure 3. 2003-2005 Clear Creek Flows in the Upper Alluvial and Canyon Segments during steelhead/rainbow trout

spawning data collection. The thicker lines show the sampling periods.
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random selection process of selecting these pmstdted in duplicates of some of the points
which were eliminated. For the spring-run Chingakmon unoccupied data, we ended up with
200 points for Spawn Area 4, 200 points for Pel@&0 points for NEED Camp, 43 points for
Indian Rhubarb, 49 points for Lower Placer, angdihts for Upper Placer. For the
steelhead/rainbow trout unoccupied data, we engdealitth 200 points for Spawn Area 4, 200
points for Peltier, 200 points for NEED Camp, 4Tp®for Indian Rhubarb, 49 points for Lower
Placer, and 42 points for Upper Placer.

The coefficients for the final logistic regressidos depth and velocity for each run are shown in
Table 7. The p values for all of the non-zero fioeints in Table 7 were less than 0.05, as were
the p values for the overall regressions.

The initial steelhead/rainbow trout HSC showedadiiity rapidly decreasing for depths greater
than 1.5 feet. For steelhead/rainbow trout, sietablocities were between 0.98 and 3.38 ft/s,
while suitable substrate codes were 1.2 and 1k r@sults of the initial regressions showed that
availability dropped with increasing depth, but aetquickly as use (Figure 4). The result of the
final regression conducted to modify the HSC depitve to account for the low availability of
deep water having suitable velocities and substvatethat the scaled ratio reached zero at 28.6
feet; thus, the steelhead/rainbow trout depthriait®ere modified to have a linear decrease in
suitability from 1.5, the greatest depth in theyoral criteria which had a suitability of 1.0, to a
suitability of 0.0 at 28.6 feet. For spring-runi@ok salmon, the depth suitability from the
logistic regression reached a suitability of 1.8.8tfeet. Since the deepest spring-run redd in
our study sites had a depth of 3.0 feet, we weablarto apply the Gard (1998) depth correction
method.

The final depth and velocity criteria for the sgrrun Chinook salmon and steelhead/rainbow
trout, along with the frequency distributions otapied and unoccupied locations, are shown in
Figures 5-8 and Appendix H. The final spring-rumr®ok salmon and steelhead/rainbow trout
substrate criteria are shown in Figures 9-10 angefdix H.

Biological Validation

We had a total of 7 locations (Spawn Area 4 = @sefeltier = 2 redds, NEED Camp = 2 redds,
Indian Rhubarb = 1 redd, Lower Placer = 1 redd,&dplacer = 1 redd) with spring-run Chinook
salmon redds and 719 locations without redds feitiout of 6 study sites where redds were
located on October 18 and 21, 2004. The flow ayesavere based on initial creek discharge
values from Whiskeytown Dam for Spawn Area 4 anltié?esites, combined Whiskeytown

Dam and Page-Boulder Creek gage discharge valu&EBD Camp and Indian Rhubarb, and
IGO gage discharge values for Upper and Lower Pla€er the spring-run Chinook salmon
redds, the average flows used for the RIVER2D fitege 161 cfs for Spawn Area 4 and Peltier,
164 cfs for NEED Camp, 166 cfs for Indian Rhubag 172 cfs for Upper aricower Placer.
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Table 7. Logistic regression coefficients and R? values. The R? values are McFadden'’s

Rho-squared values.

race  parameter I J K L M R?
spring-run  depth  -7.475189 8.867835 -4.260705 0.832263 -0.054822 0.09
spring-run velocity -5.949073 3.752918 -0.623307 0.18
steelnead depth -6.042356 10.972161 -7.681852 2.274331 -0.254833 0.09
steelhead velocity -11.545338 19.824193 -12.883852 3.618983 -0.378801 0.15

Figure 4. Relations between relative availability and use and depth for steelhead/
rainbow trout. Points are relative use, relative availability, or the standardized ratio of
linearized use to linearized availability. Lines are the results of the linear regressions of
the depth increment midpoint versus relative availability, relative use, and the
standardized ratio of linearized use to linearized availability. Availability dropped with
increasing depth, but not as quickly as use. The use-availability regression reached
zero at 28.6 feet.
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Figure 5. Spring-run Chinook salmon spawning depth HSI. The HSC show that spring-
run Chinook salmon spawning has a non-zero suitability for depths of 0.8 to 7.0 feet
and an optimum suitability at depths of 6.0 to 6.2 feet.
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Figure 6. Spring-run Chinook salmon spawning velocity HSI. The HSC show that
spring-run Chinook salmon spawning has a non-zero suitability for velocities of 0.70 to
4.40 feet/sec and an optimum suitability at velocities of 2.90 to 3.10 feet/sec.
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Figure 7. Steelhead/rainbow trout spawning depth HSI. The HSC show that

steelhead/rainbow trout spawning has a non-zero suitability for depths of 0.4 to 28.5
feet and an optimum suitability at depths of 1.4 to 1.5 feet.
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Figure 8. Steelhead/rainbow trout spawning velocity HSI. The HSC show that
steelhead/rainbow trout spawning has a non-zero suitability for velocities of 0.61 to 3.89
feet/sec and an optimum suitability at velocities of 1.60 to 1.70 feet/sec.
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Figure 9. Spring-run Chinook salmon HSI curve for substrate. The HSC show that
spring-run Chinook salmon spawning has a non-zero suitability for substrate codes 1.2
to 4.6 and an optimum suitability for substrate code 2.4.
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Figure 10. Steelhead/rainbow trout HSI curve for substrate. The HSC show that
steelhead/rainbow trout spawning has a non-zero suitability for substrate codes 1 to 4.6
and an optimum suitability for substrate code 1.2.
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The combined habitat suitability predicted by thB thodel was significantly higher for the
locations with spring-run Chinook salmon redds (raed- 0.1599) than for locations without
redds (median = 0.0000), based on the Mann-Whith&sst (p<0.026). The frequency
distribution of combined habitat suitability preidid by the 2-D model for locations with spring-
run Chinook salmon redds is shown in Figure 11 )ente frequency distribution of combined
habitat suitability for locations without springarhinook salmon redds is shown in Figure 12.
The location of spring-run Chinook salmon reddatre¢ to the distribution of combined
suitability is shown in Appendix J.

We had a total of 26 locations (Spawn Area 4 =dsise Peltier = 19 redds, NEED Camp =2
redds, Indian Rhubarb = 0 redds, Lower Placer edds, Upper Placer = 0 redds) with
steelhead/rainbow trout redds and 875 locationsowitredds for the 3 out of 6 study sites where
redds were located on March 3-4, 2004. For thellst@d/rainbow trout redds, the average flows
used for the RIVER2D files were 200 cfs for Spawea\4 and Peltier, 262 cfs for NEED Camp
and Indian Rhubarb, and 466 cfs for Lower and Uppacer. The combined habitat suitability
predicted by the 2-D model was significantly higfarthe locations with steelhead/rainbow
trout redds (median = 0.0563) than for cells with@alds (median = 0.0008), based on the
Mann-Whitney U test (p<0.000001). The frequengrdbution of combined habitat suitability
predicted by the 2-D model for locations with stesld/rainbow trout redds is shown in Figure
13, while the frequency distribution of combinedbitat suitability for locations without
steelhead/rainbow trout redds is shown in Figure Tl4e location of steelhead/rainbow trout
redds relative to the distribution of combined ahility is shown in Appendix J.

For the one spring-run Chinook salmon redd locattan the 2-D model predicted had a
combined suitability of zero (14.3%), the combirsaitability of zero can be attributed to the
predicted depth (0.54 foot) being too shallow dregdredicted velocity (0.12 ft/sec) being too
slow. Of the three steelhead/rainbow trout redations that the 2-D model predicted had a
combined suitability of zero (11.5%), one had a borad suitability of zero because the location
was predicted to be dry by the 2-D model, one heohabined suitability of zero due to the
predicted substrate being too small (substrate 6ddeand one had a combined suitability of
zero due to the predicted substrate being too kstgestrate code 6.8).

Habitat Smulation

Habitat was simulated for the following flows: & to 300 cfs by 25 cfs increments, and 300
cfs to 900 cfs by 50 cfs increments. The WUA valfer the spring-run Chinook salmon and
steelhead/rainbow trout calculated for each siecantained in Appendix I. The ratios of total
redds counted in the segment to number of redtdsimodeling sites for that segment were as
follows: spring-run Chinook salmon Upper Alluviaégment = 2.23, spring-run Chinook
salmon Canyon Segment = 3.43, steelhead/rainbaw thpper Alluvial Segment = 5.41,
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Figure 11. Spring-run Chinook salmon combined suitability for 2-D model locations with
redds. The median combined suitability for occupied locations was 0.1599.
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Figure 12. Spring-run Chinook salmon combined suitability for 2-D model locations
without redds. The median combined suitability for unoccupied locations was 0.0000.
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Figure 13. Steelhead/rainbow trout combined suitability for 2-D model locations with
redds. The median combined suitability for occupied locations was 0.0563.
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Figure 14. Steelhead/rainbow trout combined suitability for 2-D model locations without
redds. The median combined suitability for unoccupied locations was 0.0008.
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steelhead/rainbow trout Canyon Segment = 18. [bueliabitat relationships for spring-run
Chinook salmon are shown in Figures 15 and 16 gukAdix I. In the Upper Alluvial

Segment, the 2-D model predicts the highest totdlAVdt the highest modeled flow of 900 cfs,
with the total WUA value still continuing to increa For the Canyon Segment, the total WUA
peaks at 650 cfs. The flow-habitat relationshgrssteelhead/rainbow trout are shown in Figures
17 and 18. In the Upper Alluvial Segment, the faBdel predicts the highest total WUA at 350
cfs. In the Canyon Segment, the total WUA higlpestk is at 600 cfs.

Sensitivity Analysis

The spring-run Chinook salmon spawning depth lagigigression had its first maximum at 2.1
feet (Figure 5). A total of 15 spring-run Chinagddmon redds were found in the six study sites
during 2003 to 2005 (Table 8). However, only dixhese redds had depths greater than 2.1 feet.
For spring-run Chinook salmon, suitable velocitiese between 1.74 and 4.28 ft/s, while

suitable substrate codes were 1.3 to 3.4. Thédtsesfuthe initial regressions showed that
availability dropped with increasing depth, but aetquickly as use (Figure 19). The result of

the final linear regression to determine the deptivhich the scaled ratios reach zero was that
the scaled ratio reached zero at 6.49 feet. Howvéwere was one redd which had a depth greater
than 6.49 feet. As a result, the first alternaspeng-run Chinook salmon depth criteria was
modified to have a linear decrease in suitabilioynf 1.0 at 2.1 feet to a suitability of 0.02 at 6.4
feet; the suitability of 0.02 was continued through feet (the depth of the deepest spring-run
Chinook salmon redd) with suitability reaching zet.1 feet. The second alternative spring-run
Chinook salmon depth criteria had a linear decreasaitability from 1.0 at a depth of 2.1 feet

to a suitability of 0.0 at 28.6 feet. The origiaald the two alternative depth HSC are shown in
Figure 20. The flow-habitat results from the amgjidepth HSC and the two alternative depth
HSC are shown in Figure 21.

DISCUSSION
Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

We still used FG4 for the Peltier downstream transect, even thouglonle had four sets of
WSELs and were forced to ruRG4 for the low flows using the three lowest caliboatMWSELs
and for the high flows using the three highest WSEIn addition, usingFG4 for the three
highest WSELSs did not meet the measured-simulat8&M«criterion for the 446 cfs calibration
flow with a simulated WSEL value that differed frahee measured by 0.11. However,
calibrating in this manner for the Peltier downatretransect usinid-G4 was preferable to using
MANSQ, which gave greater errors aW&P could not be used because it was the downstream-
most transect in the site.
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Figure 15. Spring-run Chinook salmon flow-habitat relationships, Upper Alluvial
Segment. Habitat continued to increase up to the maximum simulated flow of 900 cfs.
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Figure 16. Spring-run Chinook salmon flow-habitat relationships, Canyon Segment.
The flow with the maximum spring-run Chinook salmon spawning habitat was 650 cfs.
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Figure 17. Steelhead/rainbow trout flow-habitat relationships, Upper Alluvial Segment.
The flow with the maximum steelhead/rainbow trout spawning habitat was 350 cfs.

a0000

43000

40000 H

33000 H

30000 H

23000 H

WU A (/)

20000 H

13000 H

10000 H

000

I:I T T T T T T T T T
1] 100 200 300 400 a00 GO0 Toa 300 a00 1000

Clear Creek Flow {cfs)

Figure 18. Steelhead/rainbow trout flow-habitat relationships, Canyon Segment. The
flow with the maximum steelhead/rainbow trout spawning habitat was 600 cfs.
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Table 8. Number of spring-run Chinook salmon redds and average flows for the six
study sites for 2003 to 2005. Sites without an entry in the table for a given year did not
have any spring-run Chinook salmon redds that year.

Year Site Name Time Period Average Flow (cfs)  Number of Redds
2005  Spawn Area 4 9/9-11/1 190 2
2004 Peltier 9/9-11/2 184 2
2005 Peltier 9/9-11/1 190 2
2005 NEED Camp 9/9-11/1 195 2
2004 NEED Camp 9/9-11/2 189 1
2003 NEED Camp 9/8-10/23 196 1
2003 Indian Rhubarb 9/8-10/23 196 2
2004 Upper Placer 9/9-11/2 198 1
2005 Lower Placer 9/9-11/1 197 1
2003 Lower Placer 9/8-10/23 203 1

For the Peltier downstream transect, the deviatidhe VAF pattern shown on page 70 can be
attributed to dividing the calibration flows intearate calibration files. For the Upper Placer
downstream transect, the deviation in the pattambe attributed to RHABSIM's inferior ability
to simulate velocities at low flows. As previouslgscribed in the methods, VAFs typically
increase monotonically with increasing flows asheigflows produce higher water velocities. In
the case of the Upper Placer downstream transecmodel, in mass balancing, was obviously
increasing water velocities at low flows so tha kmown discharge would pass through the
decreased cross-sectional area. We did not regaratypical VAF patterns as problematic since
RHABSIM was only used to simulate WSELs and nobeiies.

RIVER2D Model Construction

In most cases, the areas of the mesh where theesgneater than a 0.1 foot (0.03 m) difference
between the mesh and final bed file were in steepsain these areas, the mesh would be within
0.1 foot (0.03 m) vertically of the bed file withinfoot (0.3 m) horizontally of the bed file
location. Given that we had a 1 foot (0.3 m) hamial level of accuracy, such areas would have
an adequate fit of the mesh to the bed file.
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Figure 19. Relations between relative availability and use and depth for spring-run
Chinook salmon. Points are relative use, relative availability, or the standardized ratio
of the linearized used to linearized availability. Lines are the results of the linear
regressions of the depth increment midpoint versus relative availability, relative use,
and the standardized ratio of linearized use to linearized availability. Availability
dropped with increasing depth, but not as quickly as use. The use-availability
regression reached zero at 6.49 feet.
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Figure 20. Original and two alternative spring-run Chinook salmon depth HSC.
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Figure 21. Flow-habitat relationships from original and two alternative spring-run
Chinook salmon depth HSC. All three flow-habitat relationships show habitat increasing
up to 450 cfs, but differ in pattern for flows greater than 450 cfs.
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RIVER2D Model Calibration

We considered the solutions for all five studysieth Froude Numbers greater than 1 to be
acceptable since the Froude Number was only grdetarl at a few nodes, with the vast
majority of the site having Froude Numbers less tha Furthermore, these nodes were located
either at water’s edge or where water depth waendly shallow, typically approaching zero.
A high Froude Number at a very limited number ofl@® at water’s edge or in very shallow
depths would be expected to have an insignificeiateon the model results.
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With regards to the problems with calibrating thgper Placer and Peltier site cdg files, for
Upper Placer site, by reducing the bed roughnessould have achieved a better fit for the
RIVER2D predicted left bank WSEL, but this wouldveaesulted in the RIVER2D predicted
right bank WSEL being off by more than 0.1 fooO@L m). Given that the average RIVER2D
predicted WSEL was within less than 0.1 foot (0.681of the PHABSIM predicted WSEL and
the maximum difference was 0.15 foot (0.046 m)deemed this acceptable. In the case of the
Peltier site, the error in the simulated WSELslmupper transect was likely due to the bed
topography data collected for the study site nejadtely characterizing the bed topography.
Consequently, the results for the Peltier site khba viewed as somewhat questionable since
the calibrated cdg file did not meet the calibnatiequirement of the WSEL on the upper
transect being within 0.1 foot (0.031 m) of the FB8&AM predicted WSELSs.

RIVER2D Model Velocity Validation

Differences in magnitude in most cases are likely tb: (1) operator error during data
collection, i.e., the probe was not facing pregisedo the direction of current; (2) range of
natural velocity variation at each point over tirasulting in some measured data points at the
low or high end of the average velocity values wlaled in the model simulations; (3) the
measured velocities being the component of thecitglon the downstream direction, while the
velocities predicted by the 2-D model were the Alisamagnitude of the velocify (4) 0.6 depth
measurement may not accurately reflect conditibtiseameasured point; (5) mean column 2-D
model simulation lacks secondary currents andaadrturbulency; and (6) the effect of the
velocity distribution at the upstream boundaryref sité=.

The 2-D model integrates effects from the surrong@ilements at each point. Thus, point
measurements of velocity can differ from simulatatlies simply due to the local area
integration that takes place. As a result, the areegration effect noted above will produce
somewhat smoother lateral velocity profiles thasmdbservations.

12 For areas with transverse flow, this would reButhe 2-D model appearing to
overpredict velocities even if it was actually aataely predicting the velocities.

13 RIVER2D distributes velocities across the upstrémmndary in proportion to depth,

so that the fastest velocities are at the thalwegontrast, the bed topography of a site may be
such that the fastest measured velocities maydagtdd in a different part of the channel. Since
we did not measure the bed topography above alsisenay result in RIVER2D improperly
distributing the flow across the top of the sifes discussed above, we added artificial upstream
extensions to the sites to try to address thiseissu
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The higher simulated velocities on the east sidd®tthannel and the lower simulated velocities
in the middle portion of the channel compared ®rtteasured velocities for Spawn Area 4
transects 1 and 2 may have been the result ofrésatibat were upstream of the study site along
the east side of the channel likely acting to redihe velocities on that side of the channel and
increase velocities more toward the middle portbthe channel. However, we cannot rule out
the possibility that deviations in the simulatetbegies may have also resulted from errors in
the construction of the bed topography within tkd bles used for building the RIVER2D file.
This explanation also applies to the other stuthssvhere simulated velocities deviated from
the velocities measured on the transects.

In the case of Peltier transect 1, where the vleomulated by RIVER2D at the farthest west
side of the channel was much higher than the medstalocity for that location and several of
the other simulated velocities on the west sidinefchannel were significantly lower than the
measured values, the bed topography of Peltiensiteextremely complex, with many isolated
small islands and very irregular areas of bedréska result, this made data collection and
characterization of the bed topography extremdfycdit. It is likely that errors in how the high
and low points in the irregular bedrock featured mhands were characterized in RIVER2D
resulted in the erroneous velocities simulatechenvtest side of the channel. Examination of the
transect 1 boundary showed that an eddy was prasém same location where the model was
significantly over and under-predicting the vel@st This eddy was not present in the measured
data. The presence of this eddy may also exgt@iNet Q values being higher than 1% for 10
of the simulation files. The generation of the ety the model may be the result of boundary
condition effects. Adding an artificial downstreaxtension of the bed topography might have
improved the simulation of the velocities in thiea but would have likely had negligible
effects on the overall flow-habitat relationship fois site due to the small size of this area. In
the case of Peltier transect 2, where the velec#imulated by RIVER2D in the middle part of
the channel were significantly lower than the meadwelocities, these errors in the simulated
velocities can be attributed to high points initihegular bedrock that were present throughout
much of the upper portion of Peltier site. Théfiaral extension that was constructed in
RIVER2D extends upstream the bed topography fesforend on transect 2, resulting in those
features influencing the velocities at transectrRreality, it appears that these high pointsia t
mid-channel portion of the bed topography did ndéed upstream of transect 2, resulting in
higher measured velocities at this location.

For NEED Camp transect 1, where one velocity valube far south end of the channel was
significantly higher than the measured velocitthg single significantly higher simulated

velocity was likely due to an error in the constime of the bed topography of the model. The
under-predicted velocities on the north side ofrtiealel can be attributed to errors in the

velocity measurements on the transect (being tglo)fur the gaged discharge was in error. For
example, in this situation, the gaged discharge24&scfs. However, the measured discharge on
transect 1 was 247.8 cfs and on transect 2 it ®ads3xfs. For NEED Camp transect 2, the
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deviations in the predicted velocities from the mwad velocities is likely due to the nature of
the bed topography at the upstream end of the sitelyand upstream of the site. In these areas
of the creek channel, the bottom is littered withnylarge boulders. The data points collected
along transect 2 may not have accurately captinesktboulders along the transect, resulting in
velocities that may have been inaccurate in thosations. In addition, the influence of boulders
and other bed features upstream of transect 2ideut$ the study site) on the measured
velocities, was not present in the RIVER2D model.

In the case of Indian Rhubarb transect 1, the sdraehigher measured velocities along the
transect can be attributed to errors either in tltmwelocities were measured or error in the gage
measured discharge. In this example, the gagetialige was 214 cfs, while measured discharge
on transect 1 was 235.8 cfs. Given that the RIMER®del was run using a flow of 214 cfs, it

IS not surprising that the velocities along th@sect were lower overall, while retaining a similar
pattern to the measured velocities. The RIVER2DI@ie under-prediction of the velocities on
the far west side of the channel for Indian Rhulteabsect 2 and over-prediction of the

velocities for most of the rest of the transect ais® likely due to either errors in measuring the
velocities on the transect or error in the gagesuesl discharge. In this example, the gaged
discharge was 214 cfs, while the measured disclvaagel 71.5 cfs. By running the RIVER2D
model at 214 cfs, this resulted in higher simulateldcities than were measured. In addition,
there likely existed features in the bed topograpbstream of the study site that influenced the
flow along the east side of the channel, pushingenobthe flow toward the west side and
increasing the measured velocities on that sideeothannel.

Upper Placer transect 1's somewhat lower meas@ledittes on the west side of the channel
and somewhat higher measured velocities on thesghestf the channel may be attributed to a
feature in the bed topography that was not adelyuedptured in the bed file used to construct
the RIVER2D model. This feature likely forced fleenv toward the east side of the channel,
decreasing the measured velocities on the wesb$itie channel while increasing the measured
velocities on the east side of the channel.

Lower Placer transect 2's significant deviationsimulated velocity can likely be attributed to
features and differences in the width of the credeknnel upstream of transect that concentrated
more of the flow toward the middle part of the ahalnincreasing the measured velocities
toward the middle of the channel at transect 2dewleasing the measured velocities toward the
east and west sides of the channel. Becausefemsees and differences in the channel width
were upstream of the study site, their influencesawot reflected in the RIVER2D model of the
study site.
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RIVER2D Model Simulation Flow Runs

Peltier and NEED Camp had eddies on the downstbEamdary which were likely responsible
for those files with Net Q exceeding 1%. In theecaf the Upper Placer and Lower Placer files
where the Net Q exceeded 1%, a small area of lpedjtaphy that was higher in elevation than
the surrounding bed topography and dry at the Idlears being simulated appears to have
caused a slight eddy upstream of the boundaryikedy resulted in the Net Q exceeding 1%.
With the exception of Peltier, we still considetbdse production cdg files for these sites to have
a stable solution since the Net Q was not changmgthe Net Q in all cases was less than 5%.
In comparison, the accepted level of accuracy G3 gages is generally 5%. Thus, the
difference between the flows at the upstream amechdtveam boundary (Net Q) is greater than
the accuracy for USGS gages, and is consideregiatte. In the case of Peltier, where two of
the production files had Net Q values that exceédédgiven the error in WSEL calibration, we
believe that the bed topography data collected@&tier site did not adequately characterize the
bed topography. The errors in the modeled bedg@miy likely were also a likely cause, along
with the previously described eddy on the downstreaundary, for the high number of Net Q
values that exceeded 1%Ve considered the production runs where the maxifAroude

Number was greater than 1 to be acceptable siecediximum Froude Number was only greater
than 1 at a few nodes, with the vast majority efdhea within the sites having maximum Froude
Numbers less than 1. Also, as described previptishge nodes were located either at water’'s
edge or where water depth was extremely shallgegajly approaching zero and would be
expected to have an insignificant effect on the ehoelsults.

Habitat Quitability Criteria (HSC) Data Collection

Substrate embeddedness data were not collecteddgettee substrate adjacent to all of the redds
sampled was predominantly unembedded. For spundg=hinook salmon, the unsteady flow
conditions resulted in some uncertainty that thasneed depths and velocities were the same as
those present at the time of redd constructionwé¥@r, the Red Bluff Office staff were
conducting spawning surveys approximately everye2kg and thus any redds measured were
constructed within the last 2 weeks, increasindikedihood that the measured depths and
velocities were the same as those present durddyaenstruction. For steelhead/rainbow trout

in the Upper Alluvial Segment, the steady flow citinds increased the likelihood that the
measured depths and velocities in this segment thereame as those present at the time of redd
construction. However, for steelhead/rainbow tiauhe Canyon Segment the unsteady flow
conditions resulted in some uncertainty that thasneed depths and velocities were the same as
those present at the time of redd constructionwis the spring-run Chinook salmon spawning
data collection, the Red Bluff Office staff werendoicting spawning surveys approximately

every 2 weeks and thus any redds measured wergwctes within the last 2 weeks, increasing
the likelihood that the measured depths and vedscitere the same as those present during redd
construction.
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Habitat Quitability Criteria (HSC) Devel opment

Only 50 unoccupied points were selected for thellemsites because their small size limited the
number of available points. The small number oh{goto be selected from in the smaller sites
necessitated the use of all unoccupied points xpately 50) resulting from the random
selection process for those sites.

It should be noted that normally the occupied gaiats (locations of the redds) are recorded
with total station and the depth, velocity and $tais data are collected during a specific time
period when flows are relatively constant. Therefevhen one runs the final River2D files for
the study sites, one can, with some confidenceinasshat the unoccupied locations and
accompanying depth, velocity and substrate valakst®d within the files accurately reflect the
conditions present where spawning did not occuswever, in this study, both spring-run
Chinook salmon and steelhead/rainbow trout spawtiatg were collected over a three year
period (2003-2005) over varying flow ranges. Thecse locations of these redds were not
identified using total station, with the exceptmirthe 7 spring-run Chinook salmon redds and
the 26 steelhead/rainbow trout redds describelarBiological Validation Data Collection
section that were used as the occupied data paitiiss analysis. These occupied data points
represent the spawning that had occurred in thtsefer a limited time period in 2004. A
majority of the redd depths, velocities, and swistvalues used in developing the spawning
HSC for spring-run Chinook salmon and steelheaald@w trout came from different years or
time periods, habitat units outside of the studlgssiunder widely fluctuating flows and without
any way of verifying their precise location relaito unoccupied points. The unoccupied data
likely includes habitat that is suitable and wobtused if more spawners were available to seed
the habitat. However, we do not feel that thia roblem, since the logistic regression uses the
relative distribution of occupied and unoccupieg@ttie and velocities — as long as fish are
selecting their preferred habitat conditions, oeedpocations will have a higher suitability than
unoccupied locations. A large assumption was ntiaatethe selected unoccupied locations were
representative for the Upper Alluvial and Canyogr8ents for the entire three year period for all
the spawning data that were collected, despitentiiality to precisely identify the location of a
majority of the redds or flows under they were buiven the potential for the locations where
spawning occurs to vary depending on a varietyofdrs, including flow, temperature, spawning
adult numbers, etc. from year to year, it is questble whether this assumption is valid.

The rapidly decreasing suitability of the initié¢slhead/rainbow trout depth criteria for depths
greater than 1.8 feet was likely due to the lowilatdity of deeper water in Clear Creek with
suitable velocities and substrates rather tharegtsen by steelhead/rainbow trout of only
shallow depths for spawning. The change of thendiein of suitable substrate codes in the Gard
(1998) depth correction method was because thesoitigtrate code with a suitability greater
than 0.5 was 1-2 inches. This substrate code avaswithin our study sites. By lowering the
suitable substrate cutoff to 0.4, we significamigreased the amount of suitable substrate within
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our sites, increasing the statistical power ofdépth correction method. We concluded for
spring-run Chinook salmon that the logistic reg@ssorrected for the low availability of
suitable velocities and substrates in deep water.

It should be noted that the regressions were fitéaraw occupied and unoccupied data, rather
than to the frequency histograms shown in Figur8s 5 general, the spring-run Chinook
salmon and steelhead/rainbow trout criteria tr&ekaccupied data, but drop off slower than the
occupied data due to the frequency of the unocduge¢a also dropping over the same range of
depths and velocitiesThe main exception to this trend, as discussed\el@s for spring-run
Chinook salmon depth HSC. We investigated whedlaga at the upper tails of the distribution
had a substantial effect on the spring-run Chirgadiknon depth HSC by conducting two
alternative logistic regressions: one that eliredahe upper five % of all occupied and
unoccupied observations, and one that eliminateatalipied and unoccupied observations with
depths greater than 3.7 feet (the value of tiepg@Bcentile unoccupied measurement). This
analysis was selected as analogous to what hadistesdeen used with Type Il HSC
(calculated by dividing use by availability), whehe upper five % of the data are eliminated to
get rid of the inordinate effect of observationghat extremes of the distribution. As shown in
Figures 22 and 23, both alternatives still resuite@in optimal suitability at 6 feet. Accordingly,
we conclude that the upper tails of the distrilbngidid not have a substantial effect on the
spring-run Chinook salmon depth HSC.

Figures 24 to 26 compare the two sets of HSC flumgtudy. The most noticeable difference
between the criteria was that spring-run Chinodkiea selected much deeper conditions than
steelhead/rainbow trout. As shown in Figure 5,ftequency distribution of occupied and
unoccupied locations for spring-run Chinook salnssimilar for depths up to around 3.5 feet,
while the relative frequency for depths greatentBa feet is greater for occupied locations than
for unoccupied locations. This pattern of datailtesl in the logistic regression having lower
suitabilities at shallower depths and suitabiliiresreasing up to 6.0 feet. Even the occupied
data showed significant differences between thelstad/rainbow trout and spring-run Chinook
salmon redds — there was only one steelhead/raimfovredd with a depth of more than 3.5
feet, while 13% of the spring-run Chinook salmodd®had depths greater than 3.5 feet.
However, after the application of the Gard (1998t correction method, the steelhead/
rainbow trout and spring-run Chinook salmon haweilar suitabilities at 6 feet (0.83 for
steelhead/rainbow trout versus 1.00 for spring€hmook salmon), suggesting that the logistic
regression for spring-run Chinook salmon and thed@E98) depth correction method for
steelhead/rainbow trout are accomplishing the sasidt, namely adjusting for the limited
availability of deeper waters.

Spring-run Chinook salmon selected faster velozitied larger substrates than steelhead/
rainbow trout. We attribute this to the largerestd adult spring-run Chinook salmon, versus
steelhead/rainbow trout. Bioenergetic considenat@nd physical abilities of adult salmonids
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Figure 22. Comparison of spring-run Chinook salmon depth HSC from this study with
an alternative depth HSC computed from data that excluded the upper five percent of
occupied and unoccupied observations.
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Figure 23. Comparison of spring-run Chinook salmon depth HSC from this study with
an alternative depth HSC computed from data that excluded occupied and unoccupied
observations with depths greater than 3.7 feet (the value of the 95" percentile
unoccupied measurement).
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Figure 24. Comparison of depth HSC from this study. These criteria indicate that
spring-run Chinook salmon selected deeper conditions than steelhead/rainbow trout.

1.0
0.8+
0.6 -
53]
T
044
0.2
0.0 — : . ; - - -
a 1 2 3 4 A ] 7 a
Drepth ift)
| ------- Spring-run Chinook salmon = Steelheadirainbow trout |

Figure 25. Comparison of velocity HSC from this study. These criteria indicate that
spring-run Chinook salmon selected faster velocities than steelhead/rainbow trout.
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Figure 26. Comparison of substrate HSC from this study. These criteria indicate that
spring-run Chinook salmon selected larger substrates than steelhead/rainbow trout.
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will limit the maximum velocity and substrate sizeed for spawning, while requirements for the
developing eggs and larvae for sufficient intragtaxelocities will set a lower limit on the
velocities and substrate size used for spawningd G898). It is logical that chinook salmon,
with larger body sizes, could construct redds stdaconditions and with larger substrate sizes,
than the smaller steelhead/rainbow trout. SinyijdHe larger egg size of chinook salmon would
require higher intragravel velocities, versus ttimalier eggs of steelhead/rainbow trout. This
would translate into chinook salmon constructingrthedds in faster conditions and with larger
substrate sizes than steelhead/rainbow trout.

Figures 27 to 31 compare the criteria from thislgtwith the criteria from other studies. We
compared all of the depth and velocity criteriantiose from Bovee (1978), since the Bovee
(1978) criteria are commonly used in instream fkiudies as reference criteria. For spring-run
Chinook salmon spawning, the only two addition@kcia we were able to identify, in addition
to criteria we developed on Butte Creek, were fthenYakima River in Washington (Stempel
1984) and Panther Creek in Idaho (Reiser 1985).alsfecompared the spring-run Chinook
salmon criteria from this study to the fall-run @bok salmon criteria used on a previous
instream flow study on Clear Creek (California Deypeent of Water Resources 1985). The
previous study did not model habitat for spring-@mnook salmon. For steelhead/rainbow
trout spawning, we compared the criteria from #tigly with those used on the Feather River
(California Department of Water Resources 2004) @mthe Carmel River (Dettman and Kelley
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Figure 27. Comparison of spring-run Chinook salmon depth HSC from this study with
other spring-run Chinook salmon spawning depth HSC and the fall-run Chinook salmon
spawning depth HSC used in the previous instream flow study on Clear Creek. The
criteria from this study show a substantial shift to more suitability at greater depths than
the criteria from other studies.
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Figure 28. Comparison of spring-run Chinook salmon velocity HSC from this study with
other spring-run Chinook salmon spawning velocity HSC and the fall-run Chinook
salmon spawning velocity HSC used in the previous instream flow study on Clear
Creek. The criteria from this study show a shift to more suitability at higher velocities
than for other studies.
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Figure 29. Comparison of steelhead/rainbow trout depth HSC from this study with other
steelhead/rainbow trout spawning depth HSC. The criteria from this study show a
higher suitability at greater depths than the criteria from other studies.
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Figure 30. Comparison of steelhead/rainbow trout velocity HSC from this study with
other steelhead/rainbow trout spawning velocity HSC. The criteria from this study show
suitability extending to higher velocities than for other studies.
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Figure 31. Comparison of spring-run Chinook salmon substrate HSC from this study
with other spring-run Chinook salmon spawning substrate HSC.
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1986), the only other steelhead spawning critezia §om California that we were able to
identify. The previous instream flow study on Cl€aeek used the Bovee (1978) steelhead
criteria. For substrate, we were limited to comparing theeda from this study to criteria we
had developed on other studies, due to the unigigtsite coding system we used. We
compared the spring-run Chinook salmon spawnirtgraifrom this study to the criteria we
developed on Butte Creek (U.S. Fish and Wildlifevide 2003a). We have not previously
developed criteria for steelhead/rainbow trout spag.

The spring-run Chinook salmon depth criteria frdms study show a substantial shift to more
suitability at greater depths than the criteriarfrother studies. We attribute this to the greater
availability of deeper-water conditions with sui@abelocities and substrates in Clear Creek
versus the rivers where the other criteria wereehiged, the use in this study of a logistic
regression to address availability, and that therosets of criteria underestimate the suitability
of deeper waters. The differences between thaegpun Chinook salmon depth criteria from
this study, versus from other studies, can bebatied to the same reasons as the difference
between the spring-run Chinook salmon and steelre@atow trout criteria from this study, as
discussed above. The spring-run Chinook salmawcuglcriteria from this study show greater
suitability at higher velocities than the othetetia. We surmise that the limited availability of
faster conditions in the Yakima River, Panther Kraed the streams used for the Bovee (1978)
criteria biased these criteria towards slower domas. The fall-run Chinook salmon criteria
used in the earlier instream flow study on CleaeRrwere developed on Battle Creek (Vogel

USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch
Clear Creek (Wiskeytown Damto Cear Creek Road) Spawning Final Report
August 15, 2007

53



1982). The Battle Creek velocity criteria weredzhen velocities measured at 0.5 foot from the
substrate, rather than on mean column velocifldge velocity at 0.5 foot off the bottom would
be expected to be less than the mean column welocitiepths greater than 1.2 feet. As a result,
the Battle Creek velocity criteria are biased tasdower velocities. The steelhead/rainbow
trout depth criteria from this study show a slowecline in suitability with increasing depth than
the criteria from other studies. We attribute toishe use in this study of the Gard (1998)
method to correct for availability, and that thbeatsets of criteria underestimate the suitability
of deeper waters. The steelhead/rainbow troutcitglariteria from this study show suitability
extending to higher velocities than the criter@rother studies. We attribute this to the use in
this study of a logistic regression to addresslalgity, and that the other criteria, developed
using use data, underestimate the suitability stefaconditions (in the range of 3 to 4 feet/sec)
because they do not take availability into account.

Although there are differences in suitabilities $pecific substrate codes for the spring-run
Chinook salmon spawning substrate criteria in $kusly versus the Butte Creek criteria, there are
no substantial differences in the patterns of titer@. Accordingly, we attribute differences
between the two substrate criteria to river-spediiiferences in substrate availability.

Biological Validation

The plots of combined suitability of redd locationsAppendix J are similar to the methods used
for biovalidation in Hardy and Addley (2001). lergeral, Hardy and Addley (2001) found a
better agreement between redd locations and andasigh suitability than we found in this
study. We attribute this difference to Hardy ardtiey’'s (2001) use of polygons to map
substrate. We feel that our results could have lbsegood as Hardy and Addley’s (2001) if we
had mapped substrate polygons using a total stati®@TK GPS.

An increased density of substrate points would Heeen required to more accurately represent
the substrate and thus the predicted combineddditijaf redd locations in the 2-D model.
However, this would likely had little effect on thesulting flow-habitat relationship.
Specifically, flow-habitat relationships are notysensitive to substrate data, since substrate
does not change with flow. The only effect of stdite data on flow-habitat relationships is
when depths and velocities in areas with suitabbssates differ from the depths and velocities
in areas with unsuitable substrates. For exanfglee substrates are suitable in the thalweg
(where the highest depths and velocities typicaié/found) but unsuitable in the remaining
portion of the channel, the peak WUA will be abavér flow than if the substrates are unsuitable
in the thalweg but suitable in the remaining portid the channel. The 2-D model interpolates
substrate at a given location by the substratieeahéarest point in the substrate file. If sulbstra
data varies more laterally (across the channef) kbvagitudinally (upstream and downstream),
adding longitudinal breaklines and/or increasingendensity in the substrate file to force the 2-
D model to predict substrate at a given locatioseldeon the nearest longitudinal point can
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improve the ability of the 2-D model to predict goound suitability (U.S. Fish and Wildlife
Service 2003b). In our test of this techniquelanltower American River, the WUA predicted
with the modified substrate file differed littleofin the WUA predicted by the original substrate
file (U.S. Fish and Wildlife Service 2003b). The=giction by the 2-D model that redd locations
were dry or too shallow can be attributed to eithBrthe model under-predicting the WSELS in
the site at the flow at which redd data was cadlécor 2) to longitudinal curvature in the bed
topography which was not captured by the data ctle, for redds that were located near the
water’s edge.

The statistical tests used in this report for lyadal validation differ from those used in Guay et
al. (2000). In Guay et al. (2000), biological dafiion 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. 0 to 0.1), and habitat qualit
indexes. We were unable to apply this approac¢hignstudy because of the low number of redds
and low area of habitat with high values of halgtaality. As a result, the ratio of redd numbers
to area of habitat for high habitat quality valeasibits significant variation simply due to
chance. Both the number of redds and amount ofdtatt high values of habitat quality is quite
sensitive to the method used to calculate combsaédbility. When combined suitability is
calculated as the product of depth, velocity arussate suitability, as is routinely done in
instream flow studies, there will be very low amtsuof high habitat quality values. For
example, if depth, velocity and substrate all havegh suitability of 0.9, the combined
suitability would be only 0.7. In contrast, Gudyak (2000) calculated combined suitability as
the geometric mean of the individual suitabilities; the above example, the combined
suitability calculated as a geometric mean woul@e The successful biological validation in
this study increases the confidence in the uskeoflow-habitat relationships from this study for
fisheries management in Clear Creek.

Habitat Smulation

An earlier study (California Department of WatersBerces 1985) modeled fall-run Chinook
salmon and steelhead spawning habitat in ClearkQresveen Whiskeytown Dam and the
confluence with the Sacramento River for flows 0ftd 500 cfs. The previous study did not
model spring-run Chinook salmon spawning habitatdid not have any study sites in the Upper
Alluvial Segment, although there was one studyisithe Canyon Segment (just upstream of our
Upper Placer site). This site was located in atinedly high gradient area, which would tend to
result in maximum habitat at lower flows. A remeative reach approach was used to place
transects, instead of only placing sites for spagm heavy spawning-use areas. PHABSIM
was used to model habitat, instead of two-dimeradiorodels. To compare our results to
California Department of Water Resources’s (198S)its, we added together the amount of
habitat in the Upper Alluvial and Canyon Segmenitee comparison of the results of the two
studies should be taken with a great deal of capimce we had to compare results for two
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different races of chinook salmon (fall-run verspsing-run) and for sites in two different
sections of stream (sites in both the Upper Alluarad Canyon Segments in this study versus a
site in only the Canyon Segment in the CalifornegpBrtment of Water Resources (1985) study).

As shown in Figures 29 and 30, the results from shudy predicted a peak amount of habitat at
higher flows than the California Department of Wa&esources (1985) study. When the results
of our study for only the Canyon Segment are coegé&r the California Department of Water
Resources (1985) study (Figures 31 and 32), tsdess of a difference between the two studies.
The differences between the results of the twoissuchn primarily be attributed to the

following: 1) the California Department of Wateesdurces (1985) study used HSC generated
only from use data, as opposed to the criteriarggea with logistic regression in this study;

2) the California Department of Water Resource8%)%tudy did not apply the method used in
this report for correcting depth HSC for availa®ili3) sites for the California Department of
Water Resources (1985) study were placed usingragentative reach approach, as opposed to
only placing sites in high-spawning-use areas, @s employed in this study; and 4) the use of
PHABSIM in the California Department of Water Resms (1985) study, versus 2-D modeling
in this study. We conclude that the flow-habiggults in the California Department of Water
Resources (1985) study were biased towards lowessflsince the HSC, generated only from
use data and without correcting depth HSC for abdity, were biased towards slower and
shallower conditions. Using a representative regagroach for modeling spawning habitat fails
to take into account salmonids’ preference for spawin areas with high gravel permeability
(Vyverberg et al. 1996), while having sites onlhhigh-use spawning areas indirectly takes
preference for high gravel permeability. The agston is that high-use spawning areas have
high gravel permeability since salmonids are selgd¢hese areas for spawning. We were not
able to compare the difference in magnitude ofdseilts from this study versus the California
Department of Water Resources (1985) study bedhes€galifornia Department of Water
Resources (1985) study only gives habitat resufisessed as the percentage of maximum WUA
for the reach from Clear Creek Road Bridge to Wiyskwn Dam (the combination of our

Upper Alluvial and Canyon Segments).

The model developed in this study is predictiveffaws ranging from 50 to 900 cfs. The results
of this study can be used to evaluate 138 diffengdtograph management scenarios (each of the
23 simulation flows in each of the 6 spawning msntiSeptember to October for spring-run,
and January to April for steelhead/rainbow trodgpr example, increasing flows from 200 cfs to
400 cfs in September would result in an increas&ld% of habitat during this month for
spring-run Chinook salmon spawning. Based on timeeptual model presented in the
introduction, this increase in spawning habitatid@ecrease redd superposition, increasing
reproductive success which could result in an sean spring-run Chinook salmon
populations. Evaluation of alternative hydrograpmnagement scenarios will also require the
consideration of flow-habitat relationships for @bok salmon and steelhead/rainbow trout fry
and juvenile rearing and for fall-run Chinook satmgpawning, which will be addressed in future
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Figure 29. Comparison of fall-run Chinook salmon flow-habitat relationship from
California Department of Water Resources (1985) and spring-run Chinook salmon flow-
habitat relationship for the combined Upper Alluvial and Canyon Segments from this
study. This study predicts the peak habitat at a higher flow than the California
Department of Water Resources (1985) study.
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Figure 30. Comparison of steelhead/rainbow trout flow-habitat relationships from
California Department of Water Resources (1985) and for the combined Upper Alluvial
and Canyon Segments from this study. This study predicts the peak habitat at a higher
flow than the California Department of Water Resources (1985) study.
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Figure 31. Comparison of fall-run Chinook salmon flow-habitat relationship from
California Department of Water Resources (1985) and spring-run Chinook salmon flow-
habitat relationship for the Canyon Segment from this study. This study predicts the
peak habitat at a higher flow than the California Department of Water Resources (1985)

study.
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Figure 32. Comparison of steelhead/rainbow trout flow-habitat relationships from
California Department of Water Resources (1985) and for the Canyon Segment from
this study. This study predicts the peak habitat at a higher flow than the California
Department of Water Resources (1985) study.
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reports. We do not feel that there are any sigamfidimitations of the model. This study
supported and achieved the objective of producindets predicting the availability of physical
habitat in Clear Creek between Whiskeytown Dam@leér Creek Road Bridge for spring-run
Chinook salmon and steelhead/rainbow trout spawoveg a range of stream flows.

The results of this study are intended to supporéwase the flow recommendations in the
introduction. Based on the results of this stuidgppears that the flow recommendations in the
introduction during the spring-run Chinook salmpawning and incubation period of
September-December (150 cfs or less in Septemlde2@h cfs October-December), particularly
in the Upper Alluvial Segment, are significantlgloeing the amount of habitat available to the
spawning spring-run Chinook salmon. Our resultkcate that flows exceeding 600 cfs in the
Upper Alluvial and Canyon Segments are needed ¢hvout September-December to increase
the habitat availability and productivity of therisyg-run Chinook salmon population in Clear
Creek. Our results also indicate that flows of 680or greater will provide greater than 96% of
the maximum WUA. With regards to steelhead/raintimut, the results of our study suggest
that the flow recommendations in the introductiomily the steelhead/rainbow trout spawning
and incubation period of January-June (200 cfs) beaglose to achieving maximum habitat
availability and productivity for spawning steelldéainbow trout in Clear Creek (greater than
91% of maximum WUA).

Sengitivity Analysis

The first alternative depth HSC should be takem\aigreat deal of caution due to the small
sample size of use observations (6 redds) useghiyiag the Gard (1998) depth correction
methodology. This small sample size resulted enftequencies of, respectively, 3, 0, 2 and 1
for the four depth increments, and as a resultyalye of 0.6 for the relative use regression.
Based on the logistic regression showing a clegfiepence for deeper waters (on the order of 6
feet), we conclude that the original depth HSC begstesents the depth habitat selection by
spring-run Chinook salmon spawning in Clear Cre€ke results of the sensitivity analysis
indicate that the depth HSC only influenced thepshat the flow-habitat curve for flows greater
than around 450 cfs. We conclude that the ramckase in the amount of spring-run Chinook
salmon spawning habitat from 200 to 450 cfs istdube velocity HSC. Specifically, at 450 cfs,
the available velocities in the six study siteschetihe optimum spring-run Chinook salmon
spawning velocities of 2.9 to 3.1 feet/sec. Assult, the amount of spawning habitat increases
with increasing flows up to 450 cfs for all threfetloe depth HSC.
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APPENDIX A
PHABSIM WSEL CALIBRATION
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Stage of Zero Flow Values

Study Site XS # SZF
Spawn Area 4 1 94.90
Spawn Area 4 2 97.60

Peltier 1 94.10
Peltier 2 99.50
NEED Camp 1 95.90
NEED Camp 2 98.20
Indian Rhubarb 1,2 93.40
Upper Placer 1 93.90
Upper Placer 2 95.32
Lower Placer 1 89.70
Lower Placer 2 90.29
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Calibration Methods and Parameters Used

Study Site XS # Flow Range Calibration Flows Method Rexirs

Spawn Area4 1 50-900 70, 200, 446, 711  IFG4
Spawn Area 4 2 50-900 70, 200, 446, 705 IFG4

Peltier 50-450 70, 200, 446 IFG4

Peltier 500-900 200, 446, 750 IFG4

Peltier 50-900 70, 200, 446, 750 IFG4

NEED Camp 50-900 71, 213,447,712 IFG4

NEED Camp 50-900 71, 213,447,712 IFG4

Indian Rhubarb 50-225 71, 214, 232 IFG4

Indian Rhubarb 50-900 71, 232,447,612 IFG4

Upper Placer 50-900 72,251, 454,656 IFG4

Upper Placer 50-900 72,251, 454,656 MANSQ p=0.36, CALQ =72cfs

Lower Placer

1
1
2
1
2
1
Indian Rhubarb 1 250-900 232,447,612 IFG4
2
1
2
1 50-900 72, 255, 454,666 MANSQ f =0.00, CALQ =454 cfs
2

Lower Placer 50-900 72,252,454,666 WSP n=0.04, 72 RM = 3.08,

253 RM =1.87, 454 RM = 1.49,
666 RM =1.28
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Spawn Area 4

BETA %MEAN Calculated vs.M&n Disch. (%) Difference (measured vs. pre&BNS)
XSEC COEFF. ERROR 70 cfs 200 cfs 446 cfs 711 cfs 70 cfs 200 cfs 446 cfs 711 cfs

1 2.14 2.27 0.80.5 4.7 3.2 .0D 0.01 0.07 0.07

BETA %MEAN Calculated vs.v&n Disch. (%) Difference (measured vs. pW&ELS)

XSEC COEFF. ERROR 70 cfs 200 cfs 446 cfs 705 cfs 70 cfs 200 cfs 446 cfs 705 cfs
2 2.82 5.10 3.1B.6 6.9 6.3 0.02 0.0 0.08 0.09
Peltier

BETA  %MEAN  Calculated vs. ®ivDisch. (%) Difference (measured vs. pred. WSE
XSEC COEFF. ERROR 70 cfs 200 cfs 446 cfs 70 cfs 200 cfs 446 cfs

1 2.79 2.90 2045 2.3 .0D 0.05 0.03

BETA  %MEAN  Calculated vs. ®ivDisch. (%) Difference (measured vs. pred. WJE
XSEC COEFF. ERROR 200 cfs446 cfs 750 cfs 200 cfs 446 cfs 750 cfs

1 2.28 4.14 29 64 3.3 0.04 0.11 0.08

BETA  %MEAN  Calculated vs. Givensbh. (%) Difference (measured vs. pred. WSELS)
XSEC COEFF. ERROR 70 cfs 200 cfs 446 cfs 750 cfs 70 cfs 200 cfs 446 cfs 750 cfs

2 2.15 2.54 22 .03 2.1 2.8 0.02 0.04 0.04 0.06
NEED Camp

BETA %MEAN Calculated vs.M8n Disch. (%) Difference (measured vs. pre®BNS)
XSEC COEFF. ERROR 71 cfs 213 cfs 447 cfs 712 cfs 71 cfs 213 cfs 447 cfs 712 cfs

1 2.87 7.01 58 7.7 6.8 7.6 .0® 0.06 0.07 0.10

BETA %MEAN Calculated vs.M8n Disch. (%) Difference (measured vs. pre®BNS)
XSEC COEFF. ERROR 71 cfs 213 cfs 447 cfs 712 cfs 71 cfs 213 cfs 447 cfs 712 cfs

2 3.60 5.69 28 2.9 8.8 7.21 0D. 0.02 0.07 0.08
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Indian Rhubarb

BETA  %MEAN  Calculated vs.v@n Disch. (%) Difference (measured vs. pred BA&
XSEC COEFF. ERROR 71 cfs214 cfs 232 cfs 71 cfs 214 cfs 232 cfs

1 2.99 6.74 21 7.7 10.7 0.01 0.09 0.08

BETA  %MEAN  Calculated vs. ®ivDisch. (%) Difference (measured vs. pred. WSE
XSEC COEFF. ERROR 232 cfs447 cfs 612 cfs 232 cfs 447 cfs 612 cfs

1 281 4.63 29 7.2 3.9 0.03 0.09 0.06

BETA %MEAN Calculated vs.M8n Disch. (%) Difference (measured vs. pre&BNS)
XSEC COEFF. ERROR 71 cfs 214 cfs 447 cfs 612 cfs 71 cfs 214 cfs 447 cfs 612 cfs

2 267 474 3.9 6.5 3.3 54 .0® 0.07 0.05 0.01

Upper Placer

BETA %MEAN Calculated vs. @ivDisch. (%) Difference (measured vs. pred BA&
XSEC COEFF. ERROR 72 cfs 251 cfs 454 cfs _656 cfs 72 cfs 251 cfs 454 cfs 656 cfs

1 2.38 1.52 09 15 15 2.2 .0® 0.02 0.03 0.04

BETA %MEAN Calculated vs. @ivDisch. (%) Difference (measured vs. pred BA&
XSEC COEFF. ERROR 72 cfs 251 cfs 454 cfs _656 cfs 72 cfs 251 cfs 454 cfs 656 cfs

2 --- 1.55 0.0 .95 0.0 0.3 ®.0 0.08 0.00 0.01

Lower Placer

BETA %MEAN Calculated vs. @ivDisch. (%) Difference (measured vs. pred BA&
XSEC COEFF. ERROR 72 cfs 255 cfs 454 cfs _666 cfs 72 cfs 255 cfs 454 cfs 666 cfs

1 --- 4.50 14.0 3.0 0.0 1.0 ®.0 0.05 0.00 0.03

BETA %MEAN Calculated vs. @ivDisch. (%) Difference (measured vs. pred BA&
XSEC COEFF. ERROR 72 cfs 255 cfs 454 cfs _666 cfs 72 cfs 255 cfs 454 cfs 666 cfs

> 001 001 001 001
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APPENDIX B
VELOCITY ADJUSTMENT FACTORS
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Spawn Area 4

Velocity Adjustment Factors Clear Creek

Discharge  Xsec 1 Xsec 2 )
50 0.66 0.36 _ Spawn Area 4 Study Site
100 0.80 0.57 g 2
150 0.89 0.73 L e
200 0.96 0.87 1 N
250 1.00 0.99 ELl oo 1
300 1.04 1.09 g1 s e
400 1.08 1.28 Fos| =77 Xsec 2
500 1.12 1.44 206 |
600 1.15 1.58 so4) | | |
700 117 171 > 0 260 460 660 860 1000
800 1.18 1.83 Discharge (cfs)
900 1.19 1.94

Peltier
Velocity Adjustment Factors

Discharge  Xsec 1 Xsec 2 Clear Creek
50 0.86 0.62 Peltier Study Site
100 0.85 0.73 S
150 0.88 0.80 S
200 0.91 0.85 £ " J}/‘\M
250 0.93 0.89 Eoof Yeee 1
300 0.96 0.92 2 T
400 1.01 0.96 2% Xseo?2
500 0.95 1.00 %w——
600 0.95 1.02 % 06 1 { { { {
700 0.95 1.05 > 9 200 400 600 800 1000
800 0.95 1.07 Discharge (cfs)
900 0.95 1.08
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Discharge
50
100
150
200
250
300
400
500
600
700
800
900

Discharge
50
100
150
200
250
300
400
500
600
700
800
900

Velocity Adjustment Factors
Xsec 1

0.34
0.53
0.68
0.80
0.92
1.02
1.20
1.36
1.50
1.63
1.75
1.85

Xsec 2

0.73
0.84
0.91
0.97
1.00
1.02
1.07
1.10
1.14
1.18
1.21
1.24

Velocity Adjustment Factors
Xsec 1

0.72
0.78
0.84
0.89
0.90
0.94
1.00
1.05
1.10
1.14
1.18
1.22

Xsec 2

0.51
0.78
0.99
1.16
1.32
1.45
1.69
1.89
2.07
2.23
2.38

2.52

NEED Camp

Clear Creek

NEED CAMP Study Site

I
% 2
L 1.8
+— 1.6
@14

A —-—
% 1_25 Xsec 1
21
g 0.8; Xsec 2
5 04|
@ 0.2 t t t t
> 0 200 400 600 800 1000

Discharge (cfs)

Indian Rhubarb

Clear Creek
Indian Rhubarb Study Site

N

o w
| | |
B —

N
|
T

Xsec 1

o
|
T

Xsec 2

-

o
»
1

Velocity Adjustment Factor

200 400 600 800 1000
Discharge (cfs)

o
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Discharge

50
100
150
200
250
300
400
500
600
700
800
900

Discharge

50
100
150
200
250
300
400
500
600
700
800
900

Velocity Adjustment Factors
Xsec 1

111
1.02
0.99
0.99
0.99
1.00
1.01
1.03
1.04
1.05
1.06
1.07

Velocity Adjustment Factors

Xsec 1 Xsec 2

1.07
1.07
1.08
1.09
1.09
1.09
1.10
1.12
1.13
1.13
1.14
1.15

Xsec 2

0.50
0.65
0.76
0.85
0.93
0.99
1.10
1.18
1.26
1.32
1.38

1.44

0.66
0.82
0.91
0.97
1.01
1.05
1.10
1.14
1.16
1.18
1.19

1.20

Upper Placer

Clear Creek
Upper Placer Study Site

i

o
o
!

T

Velocity Adjustment Factor

0 200 400 600 800 1000
Discharge (cfs)

Lower Placer

Clear Creek

Lower Placer Study Site
@]
- 1.2 -
(0] T ’,,-_——/I/./_r/-
o114 ._./._...—Iff_
5
E
EXa
2 08
Nl
-"5 0.7
!
© 0.6 ; t t .
> 0 200 400 600 800 1000

Discharge (cfs)
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APPENDIX C
BED TOPOGRAPHY OF STUDY SITES
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Spawn Area 4 Study Site

Bed Elevation
22 .50

2207

=1.64

31.22

20.749

2036

29.93

29.40

28.08

2865

28.22

Units of Bed Elevation are meters.
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Peltier Study Site

Bed Elevation
3425
3358
3292
32725
3158
3091
3025
2058
2891
2825
27 58

Units of Bed Elevation are meters.
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NEED Camp Study Site

Bed Elevation

2270

2221

21.92

2154

2115

2077

3038

2009

20 60
2022

2883

Units of Bed Elevation are meters.
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Indian Rhubarb Study Site

Bed Elevation
21.20

31.40

31.01

3051

3021

2081

20 .42

220z

2262

2823

2T ez

Units of Bed Elevation are meters.
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Upper Placer Study Site

BEed Elevation
2240

=2.01

31.62

31.23
2084

2045
=0.06
2967
2028
28.849

258.450

Units of Bed Elevation are meters.
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Lower Placer Study Site

Eed Elevation
3175

21.289

2023

3037

2891

2845

2803

2842

2805

27 a0

2714

Units of Bed Elevation are meters.

USFW5, SFWO, Energy Pl anni ng and | nstream Fl ow Branch
Clear Creek (Wiiskeytown Damto Cear Creek Road? Spawni ng Fi nal Report
August 15, 2007 9



APPENDIX D
COMPUTATIONAL MESHES OF STUDY SITES
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Spawn Area 4 Study Site
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Peltier Study Site

Report
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NEED Camp Study Site
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Indian Rhubarb Study Site
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Upper Placer Study Site
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Lower Placer Study Site
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APPENDIX E
2-D WSEL CALIBRATION
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Calibration Statistics

Site Name % Nodes within 0.1' Nodes QI NetQ Sad Max F
Spawn Area 4 90% 6193 0.30 0.70% <.000001 2.13
Peltier 92% 21827 0.30 0.08% <.000001 2.82
NEED Camp 94% 8006 0.30 0.12%  .000001 1.32
Indian Rhubarb 95% 4008 0.31 0.12% <.000001 1.52
Upper Placer 95% 2805 0.31 0.12% <.000001 0.90
Lower Placer 93% 4671 0.31 0.04% <.000001 1.59
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XSEC BR Mult
2 1.60
XSEC BR Mult
2 3.0
XSEC BR Mult
2 0.9
XSEC BR Mult
2 0.3
XSEC BR Mult
2 1
XSEC BR Mult
2 0.3

Spawn Area 4

Difference (measured vs. pred. WSELst)fe
Average Standard Deviation Maximum

9.0 0.04 0.08
Peltier

Difference (measured vs. pred. WSELS)
Average Standard Deviation Maximum

28 0.01 0.28
NEED Camp

Difference (measured vs. pred. WSELS)
Average Standard Deviation Maximum

0D. 0.03 0.07
Indian Rhubarb

Difference (measured vs. pred. WSELS)
Average Standard Deviation Maximum

04. 0.01 0.06
Upper Placer

Difference (measured vs. pred. WSELS)
Average Standard Deviation Maximum

0.097 0.04 0.15
Lower Placer

Difference (measured vs. pred. WSELS)
Average Standard Deviation Maximum

0D. 0.03 0.07
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APPENDIX F
VELOCITY VALIDATION STATISTICS

Measured Velocities less than 3 ft/s

Difference (measured vs. pred. velesjtft/s)

Site Name Number of Average Standard Deviation Maximum
Observations

Spawn Area 4 75 0.49 0.46 2.40
Peltier 86 0.77 0.30 6.88
NEED Camp 77 0.53 0.51 2.04
Indian Rhubarb 84 0.29 0.22 0.87
Upper Placer 74 0.51 0.56 2.19
Lower Placer 46 0.86 0.60 2.12

All differences were calculated as the absolutea/alf the difference between the measured and
simulated velocity.

Measured Velocities greater than 3 ft/s

Percent Difference (measured vs. pred. velocities)

Site Name Number of Average Standard Deviation Maximum
Observations
Spawn Area 4 21 21% 12% 44%
Peltier 14 43% 26% 92%
NEED Camp 15 22% 12% 42%
Indian Rhubarb 12 20% 9% 35%
Upper Placer 20 36% 28% 100%
Lower Placer a7 19% 16% 67%

All differences were calculated as the absolutea/alf the difference between the measured and
simulated velocity.

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

Clear Creek (Wiskeytown Damto Cear Creek Road) Spawning Final Report
August 15, 2007

90



Spawn Area 4
All Validation Velocities
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Spawn Area 4 XS1, Q = 200 cfs
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Peltier
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Peltier XS1, Q = 200 cfs
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NEED Camp
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NEED Camp XS1, Q=213 cfs
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Indian Rhubarb
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Indian Rhubarb XS1, Q = 214 cfs
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Upper Placer
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Upper Placer XS1, Q = 251 cfs
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Lower Placer
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Lower Placer XS1, Q = 254 cfs
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APPENDIX G
SIMULATION STATISTICS
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USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch

Spawn Area 4

Flow (cfs) Net Q Sol Max F
50 0.71% .000001 2.62
75 0.47% .000001 4.43
100 0.35% .000001 3.45
125 0.28% .000001 2.43
150 0.47% .000001 2.53
175 0.20% .000001 2.24
200 0.35% .000001 3.30
225 0.47% .000001 2.94
250 0.71% .000001 2.68
275 0.90% .000001 2.38
300 0.94% .000001 2.52
350 0.91% .000001 1.63
400 0.79% .000001 2.79
450 0.55% .000001 2.36
500 0.42% .000001 1.76
550 0.45% .000001 7.98
600 0.53% .000002 3.76
650 0.54% .000001 3.55
700 0.61% .000001 3.25
750 0.66% .000001 2.50
800 0.66% .000001 2.22
850 0.71% .000001 2.10
900 0.71% .000001 2.13
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Peltier

Flow (cfs) Net Q SolA Max F
50 7.86% <.000001 3.24
75 4.29% .000001 1.45
100 2.50% <.000001 1.10
125 2.29% .000002 1.36
150 2.14% .000001 2.71
175 2.40% <.000001 4.16
200 3.51% <.000001 2.68
225 5.00% <.000001 2.31
250 0.28% <.000001 1.57
275 6.67% <.000001 3.47
300 1.06% <.000001 2.19
350 0.51% <.000001 6.30
400 0.35% <.000001 4.57
450 0.24% <.000001 4.35
500 0.21% <.000001 5.67
550 0.13% .000005 3.40
600 0.24% <.000001 291
650 0.27% <.000001 2.56
700 0.20% <.000001 3.09
750 0.24% <.000001 3.71
800 0.18% <.000001 3.75
850 0.08% <.000001 3.86
900 0.08% <.000001 2.82
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NEED Camp

Flow (cfs) Net Q SolA Max F
50 2.12% <.000001 1.06
75 2.35% .000001 1.73
100 1.41% .000003 1.40
125 0.85% .000003 1.12
150 0.47% <.000001 1.38
175 0.61% .000003 5.97
200 0.53% <.000001 3.81
225 0.47% <.000001 2.35
250 0.28% <.000001 1.82
275 0.26% <.000001 151
300 0.24% <.000001 2.01
350 0.20% .000002 1.55
400 0.18% .000001 4.10
450 0.16% .000001 2.84
500 0.21% <.000001 2.36
550 0.39% <.000001 5.04
600 0.41% <.000001 3.04
650 0.43% .000001 2.32
700 0.61% <.000001 1.89
750 0.71% <.000001 1.68
800 0.35% .000001 1.50
850 0.17% .000001 1.39
900 0.12% .000001 1.32
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Indian Rhubarb

Flow (cfs) Net Q SolA Max F
50 0.00% <.000001 0.50
75 0.47% <.000001 0.43
100 0.35% <.000001 0.42
125 0.28% <.000001 0.43
150 0.47% <.000001 0.49
175 0.40% <.000001 0.54
200 0.35% <.000001 0.67
225 0.31% <.000001 0.89
250 0.14% <.000001 1.04
275 0.13% <.000001 0.99
300 0.12% <.000001 1.38
350 0.10% <.000001 1.54
400 0.09% <.000001 2.27
450 0.08% <.000001 2.44
500 0.07% <.000001 1.80
550 0.13% <.000001 1.60
600 0.12% <.000001 1.53
650 0.11% <.000001 1.43
700 0.10% <.000001 1.36
750 0.05% <.000001 1.35
800 0.04% <.000001 1.34
850 0.17% <.000001 1.32
900 0.12% <.000001 1.52
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USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch

Upper Placer

Flow (cfs) Net Q SolA Max F
50 2.83% .000001 0.90
75 1.88% .000001 0.98

100 1.77% .000001 1.66
125 1.41% .000001 0.89
150 0.71% .000001 0.97
175 0.20% .000001 1.16
200 0.18% .000001 1.56
225 0.16% .000001 1.14
250 0.14% .000001 1.13
275 0.13% .000001 1.30
300 0.35% .000001 1.60
350 0.50% .000001 1.80
400 0.53% .000001 1.00
450 0.47% .000001 0.82
500 0.21% .000001 0.80
550 0.13% .000001 0.67
600 0.12% .000001 0.69
650 0.16% .000001 0.63
700 0.15% .000001 0.66
750 0.14% .000001 0.79
800 0.13% .000001 1.03
850 0.12% .000001 1.05
900 0.12% .000001 0.94
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USFWS, SFWO, Energy Pl anning and I nstream Fl ow Branch

Lower Placer

Flow (cfs) Net Q SolA Max F
50 2.83% .000001 1.30
75 0.94% .000001 1.34

100 0.71% .000001 1.43
125 0.57% .000001 1.35
150 0.47% .000001 1.72
175 0.40% .000001 1.69
200 0.35% .000001 1.53
225 0.31% .000001 1.40
250 0.14% .000006 1.33
275 0.13% .000001 1.63
300 0.12% .000008 3.09
350 0.20% .000001 2.26
400 0.18% .000001 191
450 0.16% .000003 1.88
500 0.07% .000001 1.93
550 0.19% .000001 1.97
600 0.24% .000001 2.44
650 0.27% .000001 2.17
700 0.30% .000001 1.87
750 0.28% .000001 1.52
800 0.26% .000001 1.43
850 0.04% .000001 1.37
900 0.04% .000001 1.59
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APPENDIX H
HABITAT SUITABILITY CRITERIA
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SPRING-RUN CHINOOK SALMON SPAWNING HSC

Water Water Substrate
Depth (ft) Sl Value Velocity (ft/s) Sl Value Composition Sl Value
0.0 0 0.00 0 0 0
0.7 0 0.69 0 0.1 0
0.8 0.08 0.70 0.06 1 0
0.9 0.11 0.80 0.08 1.2 0.19
1.0 0.15 0.90 0.10 1.3 0.64
1.1 0.18 1.00 0.13 2.3 0.82
1.2 0.22 1.10 0.17 2.4 1
1.4 0.28 1.20 0.21 3.4 0.56
1.7 0.34 1.30 0.25 35 0.12
1.8 0.35 1.40 0.30 4.6 0.01
1.9 0.36 1.50 0.36 6.8 0
2.2 0.36 1.60 0.41 10 0
2.3 0.35 1.70 0.48 100 0
2.4 0.35 1.80 0.54
25 0.34 1.90 0.60
2.6 0.33 2.00 0.66
2.7 0.33 2.10 0.72
2.8 0.32 2.20 0.77
2.9 0.32 2.30 0.82
3.0 0.31 2.40 0.87
3.4 0.31 2.50 0.91
3.5 0.32 2.60 0.94
3.6 0.32 2.70 0.97
3.8 0.34 2.80 0.98
4.2 0.42 2.90 1
45 0.51 3.00 1
4.6 0.55 3.10 1
4.7 0.58 3.20 0.99
4.8 0.62 3.30 0.97
4.9 0.67 3.40 0.95
5.4 0.87 3.50 0.92
5.6 0.93 3.60 0.88
5.9 0.99 3.70 0.83
6.0 1 3.80 0.79
6.2 1 3.90 0.73
6.3 0.99 4.00 0.67
6.4 0.97 4.10 0.61
6.5 0.94 4.20 0.55
6.6 0.90 4.30 0.49
6.7 0.84 4.40 0.43
6.8 0.76 4.41 0
6.9 0.67 100 0
7.0 0.56
7.1 0
100 0
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STEELHEAD/RAINBOW TROUT SPAWNING HSC

Water Water Substrate
Depth (ft) Sl Value Velocity (ft/s) Sl Value Composition Sl Value
0.00 0 0.00 0 0 0
0.3 0 0.60 0 0.1 0
0.4 0.16 0.61 0.08 1 0.38
0.5 0.26 0.70 0.14 1.2 1.00
0.6 0.38 0.80 0.25 1.3 0.44
0.7 0.51 0.90 0.38 2.3 0.26
0.8 0.64 1.00 0.53 2.4 0.07
0.9 0.75 1.10 0.66 3.4 0.06
1.0 0.85 1.20 0.78 3.5 0.04
1.1 0.92 1.30 0.87 4.6 0.01
1.2 0.96 1.40 0.94 6.8 0
1.3 0.99 1.50 0.98 10 0
1.4 1 1.60 1.00 100 0
1.5 1 1.70 1.00
28.6 0 1.80 0.99
100 0 1.90 0.97
2.00 0.95
2.10 0.93
2.20 0.90
2.30 0.87
2.40 0.85
2.50 0.82
2.60 0.80
2.70 0.78
2.80 0.76
2.90 0.73
3.00 0.70
3.10 0.66
3.20 0.61
3.30 0.56
3.40 0.49
3.50 0.41
3.60 0.33
3.70 0.25
3.80 0.17
3.89 0.11
3.90 0
100 0
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APPENDIX |
HABITAT MODELING RESULTS
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Spring-run Chinook salmon spawning WUA({in Upper Alluvial Segment

Flow Spawn Area 4 Peltier NEED Camp Total

50 130 268 363 1698

75 238 531 670 3208

100 341 840 961 4777
125 440 1124 1209 6185
150 540 1411 1421 7519
175 660 1730 1616 8934
200 759 1985 1783 10095
225 845 2240 1921 11163
250 919 2486 2064 12195
275 985 2702 2212 13155
300 1047 2927 2338 14075
350 1162 3283 2584 15674
400 1249 3580 2824 17066
450 1269 3847 3027 18160
500 1240 4130 3130 18956
550 1216 4316 3198 19467
600 1199 4524 3264 20039
650 1171 4752 3278 20517
700 1132 4930 3264 20797
750 1083 5113 3180 20909
800 994 5346 3129 21118
850 930 5559 2998 21158
900 901 5826 2884 21432
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Spring-run Chinook salmon spawning WUA({in Canyon Segment

Flow Indian Rhubarb Upper Placer Lower Placer Total
50 2.6 6.6 2.3 39
75 15 10 7.1 111
100 28 14 19 209
125 41 17 35 319
150 55 19 50 429
175 74 21 66 552

200 90 22 76 644

225 109 22 85 742

250 129 22 89 825

275 155 22 89 912

300 184 22 87 1003
350 245 21 84 1202
400 309 20 78 1397
450 369 20 72 1584
500 429 21 66 1770
550 473 22 62 1912
600 502 24 56 1995
650 522 27 52 2064
700 525 30 45 2058
750 512 32 43 2015
800 487 33 40 1921
850 454 35 34 1795
900 398 36 27 1580
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Steelhead/rainbow trout spawning WUA)in Upper Alluvial Segment

Flow Spawn Area 4 Peltier NEED Camp Total

50 218 742 1310 12276
75 313 1320 1870 18951
100 392 1850 2395 25084
125 491 2241 2845 30175
150 640 2601 3151 34579
175 771 2955 3412 38615
200 849 3178 3548 40980
225 903 3376 3602 42634
250 941 3530 3635 43851
275 955 3655 3657 44725
300 971 3781 3639 45390
350 1045 3832 3549 45582
400 1006 3833 3435 44758
450 952 3832 3321 43845
500 873 3880 3125 42622
550 793 3905 2954 41396
600 714 3933 2771 40133
650 643 3980 2586 39001
700 567 4034 2401 37880
750 497 4137 2191 36925
800 431 4224 2005 36032
850 386 4312 1804 35177
900 346 4420 1609 34486
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Steelhead/rainbow trout spawning WU&)in Canyon Segment

Flow Indian Rhubarb ~ Upper Placer Lower Placer Total
50 6.7 4.7 25 651
75 31 6.4 45 1469

100 62 7.9 65 2432
125 90 8.2 90 3394
150 112 8.1 105 4047
175 131 7.6 112 4501
200 139 7.3 111 4636
225 144 7.0 110 4708
250 145 6.6 109 4691
275 145 7.2 106 4642
300 143 8.0 100 4512
350 136 8.7 92 4253
400 128 8.7 87 4028
450 119 28 85 4171
500 111 61 81 4557
550 103 78 95 4964
600 94 88 104 5148
650 85 95 105 5119
700 76 94 92 4724
750 64 89 80 4195
800 51 82 67 3590
850 39 76 52 2991
900 30 69 40 2513
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APPENDIX J
RIVER2D COMBINED SUITABILITY OF REDD LOCATIONS
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PELTIER STUDY SITE
SPRING-RUN CHINOOK SALMON SPAWNING, FLOW =161 CFS

Comhined Suitability
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NEED CAMP STUDY SITE
SPRING-RUN CHINOOK SALMON SPAWNING, FLOW =164 CFS

Comhined Suitahility
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INDIAN RHUBARB STUDY SITE
SPRING-RUN CHINOOK SALMON SPAWNING, FLOW =166 CFS

Combined Suitzhility
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UPPER PLACER STUDY SITE
SPRING-RUN CHINOOK SALMON SPAWNING, FLOW =172 CFS

Combined Suitability y
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LOWER PLACER STUDY SITE
SPRING-RUN CHINOOK SALMON SPAWNING, FLOW =172 CFS

Combined Suitability
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SPAWN AREA 4 STUDY SITE
STEELHEAD SPAWNING, FLOW =200 CFS

Combined Suitahility
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PELTIER STUDY SITE
STEELHEAD SPAWNING, FLOW = 200 CFS

Combined Suitability
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NEED CAMP STUDY SITE
STEELHEAD SPAWNING, FLOW = 262 CFS

Combined Suitability
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