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PREFACE

The following is the final report for the U.S. Fiahd Wildlife Service’s investigations on
anadromous salmonid rearing habitat in Clear Cbetlween Whiskeytown Dam and Clear
Creek Road, part of the Central Valley Project lov@ment Act (CVPIA) Instream Flow and
Fisheries Investigations, an effort which bega®atober, 2001. Title 34, Section
3406(b)(1)(B) of the CVPIA, P.L. 102-575, requitbs Secretary of the Interior to determine
instream flow needs for anadromous fish for all {€@rVvalley Project controlled streams and
rivers, based on recommendations of the U.S. Fadhdildlife Service after consultation with
the California Department of Fish and Game. Thpase of these investigations is to provide
scientific information to the U.S. Fish and WildiService CVPIA Program to assist in
developing such recommendations for Central Vailsgrs.

Written comments or information can be submittednid raw data in digital format can be
obtained from:

Mark Gard, Senior Biologist
Restoration and Monitoring Program
U.S. Fish and Wildlife Service
Sacramento Fish and Wildlife Office
2800 Cottage Way, Room W-2605
Sacramento, CA 95825

Mark_Gard@fws.gov

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

Flow-habitat relationships were derived for spring-Chinook salmon and steelhead/rainbow
trout fry and juvenile rearing in Clear Creek betwédetween Whiskeytown Dam and Clear
Creek Bridge. A 2-dimensional hydraulic and habntadel (River2D) was used for this study to
model available habitat. Habitat was modeled fosites which were representative of the
mesohabitat types available in the study segmentsping-run Chinook salmon and
steelhead/rainbow trout fry and juvenile rearif8gd topography was collected for these sites
using a total station, wading in dry and shallowtipos of the sites and using a single person
cataraft for deeper pools. Additional data werected to develop stage-discharge relationships
at the upstream and downstream end of the sites agput to River2D. Velocities measured at
locations throughout the site were used to valittaevelocity predictions of River2D. The raw
topography data were refined by defining breakligesig up the channel along features such as
thalwegs, tops of bars and bottoms of banks. kefielement computational mesh was then
developed to be used by River2D for hydraulic daltons. River2D hydraulic data were
calibrated by adjusting bed roughnesses until saitedlwater surface elevations matched
measured water surface elevations. The calibfdésdfor each site were used in River2D to
simulate hydraulic characteristics for 23 simulatitows. Habitat suitability criteria (HSC) were
developed from depth, velocity, adjacent velocitg aover measurements collected at the
locations of 202 spring-run Chinook salmon fry, 42&elhead/rainbow trout fry and 191 spring-
run Chinook salmon and steelhead/rainbow troutnigebservations. Logistic regression was
used to develop the HSC. The 2-D model predigstghest total weighted usable area values
(WUA) for: 1) spring-run Chinook salmon fry at 660bic feet/second (cfs) in the Upper
Alluvial Segment and 900 cfs in the Canyon Segn®nsteelhead/rainbow trout fry at 700 cfs
in the Upper Alluvial Segment and 900 cfs in tren@n Segment; and 3) spring-run Chinook
salmon and steelhead/rainbow trout juveniles at@®in the Upper Alluvial Segment and 650
cfs in the Canyon Segment. The results of thudyssuggest that the flow recommendations in
the CVPIA Anadromous Fish Restoration Program dytive spring-run Chinook salmon and
steelhead/rainbow trout rearing period of Octobept&mber (150-200 cfs) may not be close to
achieving maximum habitat availability and produityi for rearing spring-run Chinook salmon
and steelhead/rainbow trout in Clear Creek (504t&®wof maximum WUA).
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INTRODUCTION

In response to substantial declines in anadromehgpbpulations, the Central Valley Project
Improvement Act provided for enactment of all rezsdule efforts to double sustainable natural
production of anadromous fish stocks includingfthe races of Chinook salmon (fall, late-fall,
winter, and spring-runs), steelhead, white andrgstergeon, American shad and striped bass.
Clear Creek is a tributary of the Sacramento Rileeated in the Sacramento River basin portion
of the Central Valley of California. For Clear €ke the Central Valley Project Improvement
Act Anadromous Fish Restoration Plan calls forlease from Whiskeytown Dam of 200 cfs
from October through June and a release of 156rdfsss from July through September (U. S.
Fish and Wildlife Service 2001) as a high prioattion to restore anadromous fish populations
in Clear Creek. The Clear Creek study was platode: a 5-year effort, the goals of which
were to determine the relationship between strédamdnd physical habitat availability for all

life stages of Chinook salmon (fall- and springjrand steelhead/rainbow trout. There were
four phases to this study based on the life stagbe studied and the number of segments
delineated for Clear Creek from downstream of Wéystawn Reservoir to the confluence with
the Sacramento River Rearing habitat study sites for the second pbatee study were
selected that encompassed the upper two segmethis ofeek. The goal of this report was to
produce models predicting the availability of plegdihabitat in Clear Creek between
Whiskeytown Dam and Clear Creek Road for spring€hmook salmon and steelhead/rainbow
trout rearing over a range of stream flows thattirteehe extent feasible, the levels of accuracy
specified in the methods section. Flow-habitatti@hships for Chinook salmon and
steelhead/rainbow trout fry and juvenile rearinghe Lower Alluvial Segment will be addressed
in a future report. The tasks and their associabgelctives are given in Table 1.

To develop a flow regime which will accommodate tiabitat needs of anadromous species
inhabiting streams, it is necessary to determiea¢hationship 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 Melblogy (IFIM) to establish these
relationships. The IFIM is a habitat-based toaladeped by the U.S. Fish and Wildlife Service
to assess instream flow problems (Bovee 1996). dBleesion variable used by the IFIM is total
habitat, in units of Weighted Useable Area (WUAY, €ach life stage (fry, juvenile and rearing)
of each evaluation species (or race as appliediodBk salmon). Habitat incorporates both
macro- and microhabitat features. Macrohabitaufes include longitudinal changes in channel
characteristics, base flow, water quality, and wegmperature. Microhabitat features include

2 There are three segments: the Upper Alluviaissd, 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 andrstadlrainbow trout spawn in all three
segments.

USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoagBrRg Report
September 26, 2011 1



Table 1. Study tasks and associated objectives.

Task

Objective

study segment selection
habitat mapping

field reconnaissance and study site
selection

transect placement (study site setup)

hydraulic and structural data
collection

hydraulic model construction and
calibration

habitat suitability criteria data
collection

habitat suitability criteria development

habitat simulation

determine the number and aerial extent of study segments
delineate the aerial extent and habitat type of mesohabitat units

select study sites which adequately represent the mesohabitat
types present in the study segments

delineate the upstream and downstream boundaries of the study
sites, coinciding with the boundaries of the mesohabitat units
selected for study

collect the data necessary to develop stage-discharge
relationships at the upstream and downstream boundaries of the
site, to develop the site topography and cover distribution, and to
use in validating the velocity predictions of the hydraulic model of
the study sites

predict depths and velocities throughout the study sites at a range
of simulation flows

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

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

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

the hydraulic and structural conditions (depthpe#y, 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.

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

salmonid populations.
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There are a variety of alternative techniques ab&lto evaluate fry and juvenile rearing habitat,
but they can be broken down into three generaboaiges: 1) biological response correlations; 2)
demonstration flow assessment; and 3) habitat mmadéAnnear et al. 2002). Biological
response correlations can be used to evaluategdaabitat by examining juvenile production
estimates at different flows (Hvidsten 1993). Disantages of this approach are: 1) difficulty in
separating out effects of flows from year to yeanation in escapement and other factors; 2) the
need for many years of data; 3) the need to assumear relationship between juvenile
production and flow between each observed flow;4nithe inability to extrapolate beyond the
observed range of flows. Demonstration flow agsesgs (CIFGS 2003) use direct observation
of river habitat conditions at several flows; atleflow, polygons of habitat are delineated in the
field. Disadvantages of this approach are: 1lnénd to have binary habitat suitability criteria;
2) limitations in the accuracy of delineation o¢ gholygons; 3) the need to assume a linear
relationship between habitat and flow between edbderved flow; and 4) the inability to
extrapolate beyond the observed range of flowsd@a09). Modeling approaches are widely
used to assess the effects of instream flows bdrbitat availability despite potential
assumption, sampling, and measurement errorsahat, the other methods described above, can
contribute to the uncertainty of results. Basedhenabove discussion, we selected habitat
modeling as the technique to be used for evaluanagiromous salmonid rearing habitat in
Clear Creek.

Flows that are being evaluated for management ricagea minimum of 50 cubic feet per
second (cfs) (the minimum required release from3kéytown Dam) to a maximum of 900 cfs
(75% of the outlet capacity of the controlled floséease from Whiskeytown Dam).
Accordingly, the range of study flows encompaskesange of flows that are being evaluated
for management The assumptions of this study are: 1) physiaditat is the limiting factor for
salmonid populations in Clear Creek between Whiskey Dam and Clear Creek Bridge;

2) rearing habitat quality can be characterizeddpth, velocity, adjacent velocity and cover;
3) the 11 study sites are representative of anamnisrsalmonid rearing habitat in Clear Creek
between Whiskeytown Dam and Clear Creek Bridge;Bnteoretical equations of physical
processes along with a description of stream bagtrynand roughness and a stage-discharge
relationship provide sufficient input to simulatelacity distributions through a study site.

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoagBrRg Report
September 26, 2011 3



METHODS
Approach

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

River2D also has the potential to model depths\eehakities over a range of flows more
accurately than would PHABSIM because River2D tak&saccount upstream and downstream
bed topography and bed roughness, and explicidg osechanistic processes (conservation of
mass and momentum), rather than Mantsiligjuation (Leclerc et al. 1995) and a velocity
adjustment factor. Other advantages of River2Dilaaeit can explicitly handle complex
hydraulics, including transverse flows, across-clehnariation in water surface elevations, and
flow contractions/expansions (Ghanem et al. 1996w@er and Diplas 2000, Pasternack et al.
2004). With appropriate bathymetry data, the madale is small enough to correspond to the
scale of microhabitat use data with depths andciteds produced on a continuous basis, rather
than in discrete cells. River2D, with compactgethould be more accurate than PHABSIM,
with long rectangular cells, in capturing longitogl variation in depth, velocity and substrate.
River2D should do a better job of representinglpataicrohabitat features, such as gravel
patches. The data for two-dimensional modelinglEanollected with a stratified sampling
scheme, with higher intensity sampling in areasiwmbre complex or more quickly varying
microhabitat features, and lower intensity sampimgreas with uniformly varying bed
topography and uniform substrate and cover. Bpdgmphy and substrate/cover mapping data
can be collected at a very low flow, with the odfta needed at high flow being water surface
elevations at the up- and downstream ends of teeard flow, and edge velocities for validation
purposes. In addition, alternative habitat sulitgixriteria, such as measures of habitat
diversity, can be used.

The upstream and downstream transects were modgélethe PHABSIM component of IFIM
to provide water surface elevations as an inpthéd-D hydraulic and habitat model (River2D,
Steffler and Blackburn 2002) used in this studg(Fe 1). By calibrating the upstream and
downstream transects with PHABSIM using the cofidatalibration water surface elevations

¥ PHABSIM is the collection of one dimensional hydiaand habitat models which can
be used to predict the relationship between phlysadaitat availability and streamflow over a
range of river discharges. PHABSIM was used tetgythe stage-discharge relationships at
the study site boundaries.
USFWS, SFWO, Restoration and Monitoring Program
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Figure 1. Flow diagram of data collection and modeling.
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(WSELSs), we could then predict the WSELSs for thieaasects for the various simulation flows
that were to be modeled using River2D. We theibikd the River2D models using the
highest simulation flow. The highest simulation LS predicted by PHABSIM for the
upstream and downstream transects could be usduefoipstream boundary condition (in
addition to flow) and the downstream boundary cbodi The PHABSIM-predicted WSEL for
the upstream transect at the highest simulatiom Was used to ascertain calibration of the
River2D model at the highest simulation flow. Aftee River2D model was calibrated at the
highest simulation flow, the WSELSs predicted by F8IM for the downstream transect for
each simulation flow were used as an input fordtvnstream boundary condition for River2D
model production files for the simulation flows.

Sudy Segment Delineation

Study segments were delineated within the studshre&Clear Creek between Whiskeytown
Dam and the Clear Creek Bridge (Figure 2) baselydnology and other factors. Study
segments were originally delineated in U.S. Fisth\ahldlife Service (2007).

Habitat Mapping

Mesohabitat mapping for the two study segmentspea®rmed in August and September of
2004 by biologists from the Red Bluff Fish and Wiflel Office. This work consisted of walking
downstream the entire length of the study segmdetsjeating the mesohabitat units using an
adaptation of habitat-typing protocols developedhgyCalifornia Department of Fish and Game
(CDFG). The CDFG habitat typing protocols desigedt2 mesohabitat types: Main Channel
glides, Main Channel pools, Main Channel rifflesaif Channel runs, flatwater glides, flatwater
pools, flatwater riffles, flatwater runs, side cheahglides, side channel pools, side channel
riffles, and side channel runs (Snider et al. 1992pwever, we decided to combine the
“flatwater” and “Main Channel” primary habitat typéto “main channel”, as this simplification
of the classification system seemed appropriata iream the size of Clear Credkefinitions

of the habitat types are given in Table 2. Aeptadtos from June 2003 flown at 1:4200 were
used in conjunction with direct observations tced®mine the aerial extent of each habitat unit.
The habitat units were delineated on the aeriatgshand the length of the habitat units was
measured using a laser range finder, or a tapeureedighe unit was less than 12 feet (3.6 m) in
length. In October 2004, we accompanied the bisteghat had conducted the mesohabitat
mapping in a reconnaissance of the mesohabitatsifide for the Upper Alluvial Reach to help
verify that the mesohabitat mapping process had bdeee to our specifications. Following the
completion of the mesohabitat mapping on Octobe@04, the mesohabitat types and number
of each habitat type in each segment were enungeiate shapefiles of the mesohabitat units
were created in a Geographic Information Systens)@ting the GPS data and the aerial photos.
The area of each mesohabitat unit was computedSrfrédm the above shapefiles.
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Figure 2. Clear Creek stream segments and rearing study sites.
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Field Reconnaissance and Study Site Selection

Based on the results of the mesohabitat mappindieliddeconnaissance, a list of potential
study sites was developed. A number of the pakstiidy sites on this list were eliminated
based on access difficulty and safety considersti®ased on the results of habitat mapping, we
selected six juvenile habitat study sites thatetiogr with five spawning habitat study sites,
adequately represent the mesohabitat types prieseath segment. Details on the five
spawning study sites are given in U.S. Fish andIM&l Service (2007). The six new study sites
were placed in mesohabitat types that were notuadely represented in the five spawning study
sites. We attempted to randomly select the six stendy sites from eleven areas that were found
to have reasonable and safe access to ensure eshiBeection of the study sites. In November
2004 and February 2005, we visited the potentiaystites that had been selected through this
process to ascertain their suitability for 2-D mlotte However, on revisiting two of the

selected study sites in preparation for studysstection, it was determined that the extreme
USFWS, SFWO, Restoration and Monitoring Program
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Table 2. Habitat type definitions.

Habitat Type Definition

Main Channel More than 20 percent of total flow.
Side Channel Less than 20 percent of total flow.

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

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

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

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

difficulty of accessing the sites and the amoumh{sotson oak present around the sites made data
collection unpractical and unsafe. As a resulg other study sites were selected as
replacements. For the sites selected for modelmglandowners along both riverbanks were
identified and temporary entry permits were sectpapanied by a cover letter, to acquire
permission for entry onto their property during toairse of the study.

Transect Placement (study site set-up)

Five of the six study sites were established ireR005. The sixth site was established in August
2005. Whenever possible, the study site boundé&igsand downstream transects) were
selected to coincide with the upstream and dowastrends of the mesohabitat unit. The
location of these boundaries was established dsitegsetup by going to the locations marked
on aerial photos during the mesohabitat mappingsome cases, the upstream or downstream
USFWS, SFWO, Restoration and Monitoring Program
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boundary had to be moved upstream or downstreamdeation where the hydraulic conditions
were more favorable (e.g., more linear directiofi@f/, more consistent water surface elevations
from bank to bank).

For each study site, a transect was placed atpieaam and downstream end of the site. The
downstream transect was modeled with PHABSIM twigl@water surface elevations as an
input to the 2-D model. The upstream transectwsasl in calibrating the 2-D model - bed
roughnesses are adjusted until the WSEL at thefttipe site matches the WSEL predicted by
PHABSIM. Transect pins (headpins and tailpins)eniastalled on each river bank above the
1,000 cfs water surface level using rebar drivéo the ground and/or lag bolts placed in tree
trunks. Survey flagging was used to mark the looatof each pin.

Hydraulic and Structural Habitat Data Collection

Vertical benchmarks were established at eachserve as the reference elevations to which all
elevations (streambed and water surface) were Wedltical benchmarks consisted of lag bolts
driven into trees or painted bedrock points. Ididn, horizontal benchmarks (rebar driven into
the ground) were established at each site for stédilon placement to serve as the reference
locations to which all horizontal locations (norths and eastings) were tied when collecting bed
topography data.

Hydraulic and structural data collection beganunel2005 and was completeddetober 2007.
The precision and accuracy of the field equipmeetduor the hydraulic and structural data
collection is given in Table 3. The data collect¢dhe inflow and outflow transects included:

1) WSELs measured to the nearest 0.01 foot (0.893dt a minimum of three significantly
different stream discharges using standard surgegichniques (differential leveling); 2) wetted
streambed elevations determined by subtractingesured depth from the surveyed WSEL at
a measured flow; 3) dry ground elevations to poafiisve bankfull discharge surveyed to the
nearest 0.1 foot (0.031 m); 4) mean water coluntocitees measured at a mid-to-high-range
flow at the points where bed elevations were taken; 5) substratend cover classification at
these same locations (Tables 4 and 5) and alscevdngiground elevations were surveyed.

When conditions allowed, WSELSs were measured abartly banks and in the middle of each
transect. Otherwise, the WSELs were measured ddotigbanks. If the WSELs measured for a
transect were within 0.1 foot (0.031 m) of eacheotthe WSELSs at each transect were then
derived by averaging the two to three valueshdfWSEL differed by greater than 0.1 foot
(0.031 m), the WSEL for the transect was selectsgth on which side of the transect was
considered most representative of the flow conaitioFor sites where there was a gradual
gradient change in the vicinity of the downstreaams$ect, there could be a point in the thalweg
downstream of the downstream transect that washitjan that measured at the downstream

* Substrate was only used to calculate bed roughness.
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Table 3. Precision and accuracy of field equipment. A blank means that that
information is not available.

Equipment Parameter Precision Accuracy
Marsh-McBirney Velocity +2% + 1.5 cm/s
Price AA Velocity +6% at 7.6 cm/s to
+1.5% at vel > 46 cm/s
Total Station Slope Distance £ (5ppm + 5) mm
Total Station Angle 4 sec
Electronic Distance Meter Slope Distance 1.5cm

Autolevel Elevation 0.3cm

Table 4. Substrate codes, descriptors and particle sizes.

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

1 Small Gravel 0.1-1(0.25-2.5cm)
1.2 Medium Gravel 1-2(25-5cm)
1.3 Medium/Large Gravel 1-3(2.5-75cm)
2.3 Large Gravel 2-3(B-75cm)
2.4 Gravel/Cobble 2—-4(5-10cm)
3.4 Small Cobble 3-4(7.5-10cm)
3.5 Small Cobble 3-5(7.5-125cm)
4.6 Medium Cobble 4-6(10-15cm)
6.8 Large Cobble 6 —8 (15—-20cm)

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

9 Boulder/Bedrock >12 (30 cm)

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

USFWS, SFWO, Restoration and Monitoring Program
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Table 5. Cover coding system.

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

transect thalweg. This Stage of Zero Flow (SZRynkiream of the downstream transect acts as
a control on the water surface elevations at tlvendtream transect. Because the true SZF is
needed to accurately calibrate the water surfameagbns on the downstream transect, this SZF
in the thalweg downstream of the downstream transas surveyed in using differential

leveling. Depth and velocity measurements wereemeihg a wading rod equipped with a
Marsh-McBirney model 2000 or Price AA velocity meter. Most maastents were taken by
wading, however, a one-person cataraft was negefsgasome portions of the transects on three
sites in the Canyon Segment. The distance inteonfatéach depth and velocity measurement
from the headpin or tailpin were measured usirapa br hand held laser range firder

® The stations for the dry ground elevation measurésngere also measured using the

tape or hand held laser range finder.
USFWS, SFWO, Restoration and Monitoring Program
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Data collected between the transects includeded)elevation; 2) northing and easting
(horizontal location); 3) substrate; and 4) covEhese parameters were collected at enough
points to characterize the bed topography, sulestiiadl cover of the sites, wading in dry and
shallow portions of the sites and using a singlsqe cataraft for deeper pools. Bed elevation
and horizontal location of individual points wetgtained with a total stati8nwhile the cover
and substrate were visually assessed at each point.

To validate the velocities predicted by the 2-D elpdepth, velocity, substrate and cover
measurements were collected throughout each siteaply by wading, with a wading rod
equipped with a Marsh-McBirnBymodel 2000 or a Price AA velocity meter. Agaimdeeper
portions of several sites, a one-person cataraftneaessary. The validation velocities and the
velocities measured on the transects describedgusly were collected at 0.6 of the depth for
20 seconds. The horizontal locations and bed aetaatvere recorded by sighting from the total
station to a stadia rod and prism held at eacht pdiere depth and velocity were measured. A
minimum of 50 representative points were measurezlighout each site.

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

All velocity, depth, and station data collected &eompiled in an Excel spreadsheet for each site
and checked before entry into PHABSIM files for thestream and downstream transects. A
table of substrate and cover ranges/values watedreadetermine the substrate and cover for
each vertical/cell (e.g., if the substrate sizeghas 2-4 inches (5-10 cm) on a transect from
station 50 to 70, all of the verticals with statialues between 50 and 70 were given a substrate
coding of 2.4). Dry bed elevation data in fieldetlmooks were entered into the spreadsheet to
extend the bed profile up the banks above the W&Ehe highest flow to be modeled. An
American Standard Code for Information Intercha®@Cll) file produced from the

spreadsheet was run through the FLOMANN progranittemrby Andy Hamilton, U.S. Fish and
Wildlife Service, 1998) to get the PHABSIM inpulefiand then translated into RHABSIM
Version 2.0files. A separate PHABSIM file was constructeddach study site. A total of five

to six sets of measured WSELs were used, all behiegked as a quality control check to ensure
that the WSELSs from the upstream transect werdegréaan the WSELs from the downstream
transect. The slope for each transect was compotezhch WSEL flow as the difference in

® A total station is an electronic/optical instrumesed in modern surveying. The total
station is an electronic theodolite (transit) imeggd with an electronic distance meter (EDM) to
read distances from the instrument to a partiquiémt. Data from the total station consist of the
horizontal angle, vertical angle and slope distancsach point.

" RHABSIM is a commercially produced software (Pagne Associates 1998) that
incorporates the modeling procedures used in PHNBSI
USFWS, SFWO, Restoration and Monitoring Program
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WSELSs between the two transects divided by thewdcs between the two. The slope used for
each transect was calculated by averaging the slopmputed for each flow. If WSELs were
available for several closely spaced flows, the W8tat corresponded with the velocity set or
the WSEL collected at the lowest flow was usechsmPHABSIM files. Calibration flows in the
PHABSIM files were the flows calculated from gagading&.

The SZF was determined for each transect and ehitei@the PHABSIM file. In habitat types
without backwater effects (e.qg., riffles and ruribjs value generally represents the lowest point
in the streambed across a transect. Howevetrainsect directly upstream contains a lower bed
elevation than the adjacent downstream transexS##F for the downstream transect applies to
both. In some cases, data collected in betweetrahsects showed a higher thalweg elevation
than either transect; in these cases the highbveéhaelevation 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 (Milhous et al. 1989) was run ba PHABSIM

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

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

1) the beta value (a measure of the change in ehammghness with changes in streamflow) is
between 2.0 and 4.5; 2) the mean error in caladila@esus measured discharges is less than
10%; 3) there is no more than a 25% differenceafgr calculated versus measured discharge;
and 4) there is no more than a 0.1 foot (0.031iffgrénce between measured and simulated
WSELS. MANSQ is considered to have worked well if the secomdugh fourth of the above
criteria are met, and if the beta value parameted lbyMANSQ is within the range of 0 to 0.5.
The firstIFG4 criterion is not applicable tSIANSQ. WSP is considered to have worked well if
the following criteria are met: 1) the Manning'salue used falls within the range of 0.04 - 0.07;
2) there is a negative log-log relationship betwienreach multiplier and flow; and 3) there is
no more than a 0.1 foot (0.031 m) difference betweeasured and simulated WSELs. The first
threelFG4 criteria are not applicable WSP.

8 There were no tributaries or diversions betweeh gage used for a study site, and the
study site.

° The first three criteria are from U.S. Fish and e Service (1994), while the fourth
criterion was developed by the authors.
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Velocity Adjustment Factors (VAFs) were examineddt of the simulated flows as a potential
indicator of problems with the stage-dischargeti@teship. The acceptable range of VAF values
is 0.2 to 5.0 and the expected pattern for VAFsngonotonic increase with an increase in flows
(U.S. Fish and Wildlife Service 1994).

River2D Model Construction

After completing the PHABSIM calibration processaivive at the simulation WSELSs that was
used as inputs to the River2D model, the nextwepto construct the River2D model using the
collected bed topography data. The total stateta dnd the PHABSIM transect data were
combined in a spreadsheet to create the input(fiked and cover) for the 2-D modeling
program. An artificial extension one channel-wittthg 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 flalstribution at the upstream transect and
within the study site

The bed files contain the horizontal location (horty and easting), bed elevation and initial bed
roughness value for each point, while the covesfdontain the horizontal location, bed
elevation and the cover for each point. The ihiid roughness value for each point was
determined from the substrate and cover codes&point and the corresponding bed
roughness values in Table 6, with the bed roughvedse computed as the sum of the substrate
bed roughness value and the cover bed roughnass. véhe bed roughness values for substrate
in Table 6 were computed as five times the avepaggcle siz&”. The bed roughness values for
cover in Table 6 were computed as five times tlexaye cover size, where the cover size was
measured on the Sacramento River on a represensaimple of cover elements of each cover-
type. The bed and cover files were exported fromeEas ASCII files.

A utility program, R2D_BED (Steffler 2002), was ds® define the study area boundary and to
refine the raw topographical data TIN (triangulaiteegular network) by defining breaklines
going up the channel along features such as thalweps of bars and bottoms of banks.
Breaklines were also added along lines of congigvation. An additional utility program,
R2D_MESH (Waddle and Steffler 2002), was used fmdehe inflow and outflow boundaries,
to improve the fit between the mesh and the firal file, and to improve the quality of the
mesh, as measured by the Quality Index (QIl) valuieideal mesh (all equilateral triangles)

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

" Breaklines are a feature of the R2D_Bed progranchvfarce 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 spring on the bredd (Steffler 2002).
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Table 6. Initial bed roughness values.

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

0.1 0.05 0.1 0

1 0.1 1 0

1.2 0.2 2 0
1.3 0.25 3 0.11
2.3 0.3 3.7 0.2
24 0.4 4 0.62
34 0.45 4.7 0.96
3.5 0.5 5 1.93
4.6 0.65 5.7 2.59
6.8 0.9 7 0.28
8 1.25 8 2.97
9 0.05,0.76, 2 9 0.29
10 1.4 9.7 0.57
10 3.05

would have a QI of 1.0. A QI value of at least i3.2onsidered acceptable (Waddle and Steffler
2002). The QI is a measure of how much the lepstateral mesh element deviates from an
equilateral triangle. The final step with the RATESH software was to generate the
computational (cdg) file.

12For substrate code 9, we used bed roughnessegtoafd 2, respectively, for cover
codes 1 and 2, and a bed roughness of 0.05 fotledl cover codes. The bed roughness value
for cover code 1 (cobble) was estimated as fivesithe assumed average size of cobble (6
inches [0.15 m]). The bed roughness values foecowde 2 (boulder) was estimated as five
times the assumed median size of boulders (1.3[tedtm]). Bed roughnesses of zero were
used for cover codes 1 and 2 for all other sulestratles, since the roughness associated with the

cover was included in the substrate roughness.
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River2D Model Calibration

Once a River2D model has been constructed, cabibras then required to determine that the
model is reliably simulating the flow-WSEL relatsinp that was determined through the
PHABSIM calibration process using the measured WsSELhe cdg files were opened in the
River2D software, where the computational bed togplgy mesh was used together with the
WSEL at the bottom of the site, the flow enterihg site, and the bedughnesses of the
computational mesh elements to compute the depthagities and WSELSs throughout the site.
The basis for the current form of River2D is giverGhanem et al. (1995). The computational
mesh was run to steady state at the highest fldve teimulated, and the WSELSs predicted by
River2D at the upstream end of the site were coetptr the WSELSs predicted by PHABSIM at
the upstream transect. Calibration was considerédve been achieved when the WSELs
predicted by River2D at the upstream transect wten 0.1 foot (0.031 m) of the WSEL
predicted by PHABSIM. In cases where the simul&te®ELs at the highest simulation flow
varied across the channel by more than 0.1 fo68(0m), we used the highest measured flow
within the range of simulated flows for River2Dibaation. The bed roughnesses of the
computational mesh elements were then modified biyiplying them by a constant bed
roughness multiplier (BR Mult) until the WSELSs pretéd by River2D at the upstream end of
the site matched the WSELs predicted by PHABSINhattop transect. The minimum
groundwater depth was adjusted to a value of @@3crease the stability of the model. The
values of all other River2D hydraulic parameterseneft at their default values (upwinding
coefficient = 0.5, groundwater transmissivity =,@foundwater storativity = 1, and eddy
viscosity parameters = 0.01,e, = 0.5 ancdi3 = 0.1).

We then calibrated the upstream transect usingwtbods described above, varying the BR
Mult until the simulated WSEL at the upstream tesmtsnatched the measured WSEL at the
upstream transect. A stable solution will gengradlve a solution change (S of less than
0.00001 and a net flow (Net Q) of less than 1%f{8teand Blackburn 2002). In addition,
solutions for low gradient streams should usuadlyeha maximum Froude Number (Max F) of
less than 13. Finally, the WSEL predicted by the 2-D modelslidbe within 0.1 foot (0.031
m) of the WSEL measured at the upstream tran$ects

13 This criterion is based on the assumption that flolow gradient streams is usually
subcritical, where the Froude number is less th@r{Reter Steffler, personal communication).

14 We have selected this standard because it imdathused for PHABSIM (U. S. Fish
and Wildlife Service 2000).
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River2D Model Velocity Validation

Velocity validation is the final step in the pregéon of the hydraulic models for use in habitat
simulation. Velocities predicted by River2D wemmpared with measured velocities to
determine the accuracy of the model's predictidmsemn water column velocities. The
measured velocities used were those measured apsitieeam and downstream transects and the
50 measurements taken between the transects. ritdmeoo used to determine whether the

model was validated was whether the correlatiowéenh measured and simulated velocities was
greater than 0.6. A correlation of 0.5 to 1.0assidered to have a large effect (Cohen 1992).
The model would be in question if the simulateded#ies deviated from the measured velocities
to the extent that the correlation between measamddsimulated velocities fell below 0.6.

River2D Model Simulation Flow Runs

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

Habitat Suitability Criteria (HSC) Data Collection

Habitat suitability criteria (HSC) are used wittdfD habitat modeling to translate hydraulic and
structural elements of rivers into indices (HSIshabitat quality (Bovee 1986). HSC refer to
the overall functional relationships that are usedonvert depth, velocity and substrate
suitability into habitat quality (HSI). HSI refets the independent variable in the HSC
relationships. The primary habitat variables whigre used to assess physical habitat
suitability for Chinook salmon and steelhead/raimtimout fry and juvenile rearing were depth,
velocity, cover and adjacent velocity

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

that cover type simply because of the rarity of ttever type, rather than because they are

15 Adjacent velocity can be an important habitat Malgaas fish, particularly fry and
juveniles, frequently reside in slow-water habitadgacent to faster water where invertebrate
drift is conveyed (Fausch and White 1981). Bothrigsidence and adjacent velocity variables
are important for fish to minimize the energy exgiaure/food intake ratio and maintain growth.
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selecting areas without that cover type. Guay.€R00) proposed a modification of the above
technique where depth, velocity, and cover dataaltected both in locations where juveniles
are present and in locations where juveniles asergtband a logistic regression is used to
develop the criteria. This approach to collecjungenile habitat suitability criteria data and the
development of HSC was employed in this study.

The collection of Chinook salmon and steelheadd@mwtrout fry and juveniles (YOY) rearing
HSC data by the staff of the Red Bluff Fish anddiié Office began at the end of 2004 and was
completed in 2008. Snorkel surveys were condualieagy the banks and mid-channel of the
habitat units. Depth, velocity, adjacent velotignd cover data were also collected on locations
which were not occupied by YOY Chinook salmon atekead/rainbow trout (unoccupied
locations). This was done so that we could agptymethod presented in Guay et al. (2000) to
explicitly take into account habitat availability developing HSC criteria, without using
preference ratios (use divided by availability).

Before going into the field, a data book was pregawith one line for each unoccupied location
where depth, velocity, cover and adjacent veloeityld be measured. Each line had a distance
from the bank or mid-channel line, with a rang®& to 10 feet (0.15 to 3 m) by 0.5 foot (0.15
m) increments, with the values produced by a randomber generator. In areas that could be
sampled up to 20 feet (6 m) from the bank or midretel line, the above distances were
doubled.

If one person was snorkeling per habitat unit,dikde of the creek to be snorkeled would
alternate with each habitat unit and would alsduide snorkeling the middle portion of some
units. As an example, the right bank was snorkidedne habitat unit, the middle of the next
habitat unit was then snorkeled, and then theblik was snorkeled of the next habitat unit and
then the process was repeatéd.he habitat units were snorkeled working upstreahich is
generally the standard for snorkel surveys. Inescases when snorkeling the middle of a
habitat unit, the difficulty of snorkeling mid-chaal required snorkeling downstream. If three

*The adjacent velocity was measured within 2 fedt §0) on either side of the location
where the velocity was the highest. Two feet (@)@/as selected based on a mechanism of
turbulent mixing transporting invertebrate dritbfin fast-water areas to adjacent slow-water
areas where fry and juvenile salmon and steelh@atsw trout reside, taking into account that
the size of turbulent eddies is approximately oak-of the mean river depth (Terry Waddle,
USGS, personal communication), and assuming tleatgsan depth of Clear Creek is around 4
feet (1.2 m, i.e., 4 feet [1.2 m] x %2 = 2 feet [.

"The Sacramento Fish and Wildlife Office InstreamvGroup designates left and right

bank looking upstream.
USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
18



people were going to snorkel each unit, one pessonkeled along each bank working upstream,
while the third person snorkeled downstream thrahghmiddle of the unit. The snorkelers
placed a weighted, numbered tag at each locati@rewWiOY spring-run Chinook salmon or
steelhead/rainbow trout were observed. The snemketcorded the tag number, the species, the
cover cod® and the number of individuals observed in eac2@@m size class on a Poly

Vinyl Chloride (PVC) wrist cuff. The distance to beorkeled was delineated by laying out a
tape along the bank as described previously festarte of 150 or 300 feet (46 or 91 m). The
average and maximum distance from the water’s dugjevas sampled, cover availability in the
area sampled (percentage of the area with diffe@vr types) and the length of bank sampled
(measured with a 150 or 300-foot-long [46 or 91taple) was also recorded. When three people
were snorkeling, cover percentages were collecgeshbh person snorkeling. After completing
each unit, the percentages for each person werbinethand averaged. The cover coding
system used is shown in Table 5.

Three people went up the tape, one with a stadiano data book and the other two with a
wading rod and velocity meter. At every 20-fooninterval along the tape, the person with
the stadia rod measured out the distance fromadhk biven in the data book. If there was a tag
within 3 feet (0.9 m) of the location, this wasassted on that line in the data book. If the
location was beyond the sampling distance, basd@bdeomformation recorded by the snorkeler,
“beyond sampling distance” was recorded on that éind the recorder went to the next line at
that same location, repeating until reaching awite a distance from the bank within the
sampling distance. If there was no tag within& {©.9 m) of that location, one of the surveyors
with the wading rod measured the depth, velocitjg@nt velocity and cover at that location.
The surveyors then proceeded to the next 20-foot)(Bark on the tape, using the distance from
the bank on the next line. Depth was recordeddm#arest 0.1 foot (0.031 m) and average water
column velocity and adjacent velocity were recortiethe nearest 0.01 ft/s (0.0031 m/s).
Another individual retrieved the tags, measureddigygth and mean water column velocity at the
tag location, measured the adjacent velocity feritication, and recorded the data for each tag
number. Data taken by the snorkeler and the measuare correlated at each tag location.

For the one-snorkeler surveys, the unoccupied(datadata from locations where juveniles were
absent) for the mid-channel snorkel surveys wagscield by establishing the distance to be
snorkeled by laying out the tape on a bank negtéaistance of creek that was to be snorkeled.
After snorkeling that distance, the line snorkekea$ followed down through the middle of the
channel and the randomly selected distance at whehinoccupied data were to be collected
was measured out toward the left or right banlkeradting with each 20 foot (6 m) location along
the tape. For the three-snorkeler surveys, unoedugéta were collected for each habitat unit
snorkeled in this manner by alternating left agghtrbank or mid-channel for each habitat unit

18 If there was no cover elements (as defined in&&plwithin 1 foot (0.3 m)

horizontally of the fish location, the cover codasi.1 (no cover).
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snorkeled. As an example, for the first habitat smorkeled, unoccupied data would be
collected along the left bank. At the next undtadwould be collected along the right bank. At
the next unit, the data would be collected as dasgpreviously using the mid-channel line
snorkeled.

Habitat Quitability Criteria (HSC) Devel opment

In general, logistic regression is an appropritdéstical technique to use when data are binary
(e.g., when afish is either present or absentgarticular habitat type) and result in proportions
that need to be analyzed (e.g., when 10, 20, anmki@@nt of fish are found respectively in
habitats with three different sizes of gravel; Pah8900). It is well-established in the literature
(Knapp and Preisler 1999, Parasiewicz 1999, Gemt 000, Guay et al. 2000, Pearce and
Ferrier 2000, Filipe et al. 2002, Tiffan et al. 200AcHugh and Budy 2004, Tirelli et al. 2009)
that logistic regressions are appropriate for dmyely habitat suitability criteria. For example,
McHugh and Budy (2004) state:

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

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

All YOY Chinook salmon observed in the Upper Allavand Canyon Segments were classified
as spring-run because the barrier weir near thizgagrm end of the Lower Alluvial Segment
excludes fall-run from the Upper Alluvial and Canyegments. Data were compiled on the
length of each mesohabitat and cover type samplag to have equal effort in each mesohabitat
and cover type and that each location was only Eirgnce at the same flow (to avoid problems
with pseudo-replication). Generally, at least ®58ervations are needed to develop habitat
suitability criteria (Bovee 1986).

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

We used a polynomial logistic regression (SYSTAD20 with dependent variable frequency
(with a value of 1 for occupied locations and Odaoccupied locations) and independent
variable depth or velocity, to develop depth anldsiey HSI. The logistic regression fits the
data to the following expression:

Exp (I+J*V+K*#&L*V3+M* VY
FreqUeNCY =  mommmmommm oo , (1)
1+Exp(I+J*V+K¥+L*V3i+M*VH

where Exp is the exponential function; I, J, K,idaV are coefficients calculated by the logistic
regression; and V is velocity or depth. The lagistgressions were conducted in a sequential
fashion, where the first regression tried was atfoarder regression. If any of the coefficients
or the constant were not statistically significanp = 0.05, the associated terms were dropped
from the regression equation, and the regressiare@eated.

The results of the regression equations were redcal that the highest value of suitability was
1.0. The resulting HSC were modified by truncatghe slowest/shallowest and deepest/fastest
ends, so that the next shallower depth or slowercitg value below the shallowest observed
depth or the slowest observed velocity had a Stafsility index) value of zero, and so that the
next larger depth or faster velocity value abowedbepest observed depth or the fastest
observed velocity had an Sl value of zero; andialting points not needed to capture the basic
shape of the curves.

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

Exp(I+J*V+K*3#L*V3i+M*V*+N*AV)
FIEQUENCY =  mmmmmmmmmm oo - , 2)
1+Exp(I+J*V+K¥+L*V3i+M*V*+N*AV)

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

Exp (I + N * AV)
HSI = . 3)
1+Exp (1+N*AV)
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We then computed values of equation 3 for the rafigecupied adjacent velocities, and then
rescaled the values so that the largest value WasWe then used a linear regression on the
rescaled values to determine, using the lineaessgon equation, H&(the HSI where the AV is
zero) and AV (the AV at which the HSI is 1.0). The final adgat velocity criteria started at
HSI, for an adjacent velocity of zero, ascended linearlan HSI of 1.0 at an adjacent velocity of
AV and stayed at an HSI of 1.0 for adjacent velaigeeater than AMy .

We addressed the availability of cover using thiewang process: 1) ranking the sites sampled
in descending order by the percentage of covengio®) calculating the cumulative feet
sampled of cover groups 0 and 1 going down thrdhgtsites until we reached an equal number
of cumulative feet of cover groups 0 and 1 sampded|, 3) continuing the development of cover
criteria using only the above subset of sites.sTiocess allowed us to maximize the amount of
area sampled to include in development of the contaria while equalizing the amount of area
sampled in cover groups 0 and 1. The first stephendevelopment of the cover criteria was to
group cover codes within each species and lifeestsg that there were no significant differences
within the groups and a significant difference begw the groups, using Pearson’s test for
association using the number of observations whsnevere present and absent. We then
combined together the fish observations in eacbhad cover types and calculated the HSI for
each group by dividing the number of observationsach group by the number of observations
in the most frequent group.

Habitat Smulation

The final step was to simulate available habitaefich mesohabitat type present in each site.
Preference curve files were created containinglitiized fry and juvenile rearing HSC
developed for the Clear Creek spring-run Chinodknea and steelhead/rainbow trout. The final
cdg files, the cover file and the preference ciiteevere used in River2D to calculate the
combined suitability of depth, velocity and cover €ach mesohabitat type present in each site.
The resulting data were exported into a comma-dedfile for each flow, species, life stage,
and each mesohabitat type present in each siteseTiiles were then run through a GIS post-
processing softwatéto incorporate the adjacent velocity criteria itite habitat suitability, and

1 The software calculates the direction of flow éaich node from the magnitude of the x
and y components of flow at each node. The dwoaatf flow is used along with the distance
parameter of the adjacent velocity (2 feet [0.6 tm[jletermine the locations at which the
adjacent velocity will be computed. These locatidongether with a TIN of the velocities at all
nodes, are used to calculate the adjacent velfacigach node. The adjacent velocity criteria is
then used to calculate the adjacent velocity silifyandex for that node. This index is then
multiplied by the combined depth, velocity and aosmsitability indices. This product is then
multiplied by the area represented by each nodaltulate the WUA for each node, with the
WUA for all nodes summed to determine the total WldAeach mesohabitat type, flow, life

stage and species.
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to calculate the WUA values for each mesohabifa iy each site over the desired range of
flows for all twelve sites. We then multiplied tieUA values for each mesohabitat unit
modeled by the ratios of the total area of eachoimasitat type present in a given segment to the
area of each mesohabitat type that was modeldthirsegment, and then summed the resulting
products to calculate the total WUA for each segmen

RESULTS
Sudy Segment Delineation

We have divided the Clear Creek study area inteetlstream segments: Upper Alluvial
Segment (Whiskeytown Dam to NEED Camp Bridge); @angegment (NEED Camp Bridge to
Clear Creek Road Bridge); and Lower Alluvial Segim@iear Creek Road Bridge to
Sacramento River). The first two segments addspseg-run Chinook salmon and
steelhead/rainbow trout while the last segmentessfdrs fall-run Chinook salmon and
steelhead/rainbow trout.

Habitat Mapping

A total of 73 mesohabitat units (50,62%)rmvere mapped for the Upper Alluvial Segment of
Clear Creek and 202 mesohabitat units (179,989anthe Canyon Segment. Table 7
summarizes the habitat types, area and numbeechftgpe recorded during the habitat mapping
process, while Appendix A gives a complete listha habitat units.

Field Reconnaissance and Study Site Selection

The reconnaissance work narrowed the list of p@ksites to the six additional juvenile rearing
sites that were modeled (Table 8, Appendix B). sEistes are as follows from upstream to
downstream: Dog Gulch, Upper Canyon, Narrows, IKKanAbove Igo and Upper Placer
Extension. The Dog Gulch site is in the Upper silll Segment, while the rest are located in the
Canyon Segment. The presence of only one stuglynsihe Upper Alluvial Segment was the
result of the spawning sites (U.S. Fish and Wigdlervice 2007) in that segment having already
adequately represented most of the habitat typehdb segment.

The study site boundaries (up- and downstreamedtasiswere selected, as near as possible, to
coincide with the upstream and downstream endseofitesohabitat unit. However, only the
Narrows, Kanaka and Above Igo sites were entiratifiw a single habitat unit (main channel
pool). On the other sites it was necessary tdbbskathe transects slightly up or downstream of
the habitat unit boundary, Incations where the hydraulic conditions were nfaw®rable (e.g.,
more linear direction of flow, with more consistevdter surface elevations from bank to bank).
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Table 7. Clear Creek mesohabitat mapping results by segment.

Mesohabitat Type Upper Alluvial Canyon
Area Number of Area Number of
(100 m?) Units (100 m?) Units
Main Channel Cascade (MCC) _ _ 135.9 31
Main Channel Glide (MCG) 7.2 2 14.9 4
Main Channel Pool (MCP) 186.2 14 832.2 76
Main Channel Riffle (MCR) 131.6 21 174.2 46
Main Channel Run (MCRU) 160.6 17 202.4 42
Side Channel Glide (SCG) 4.4 2 _ _
Side Channel Pool (SCP) 1.7 3 _ _
Side Channel Riffle (SCRi) 7.9 8 3.9 2
Side Channel Run (SCRu) 6.6 6 1.2 1

In August 2005, the downstream transect of UpperyGa site was re-established as a result of
plans for gravel injection in the vicinity of thei@inal downstream transect location. The
downstream transect was moved upstream to a locatiere influences of the gravel injection
on water surface elevations and bed topographyoMoeilavoided. However, this significantly
reduced the length of creek comprising the stuiyasid significantly reduced the amount of
riffle habitat that was to be modeled for that .site

Hydraulic and Structural Habitat Data Collection

Water surface elevations were measured at high- 193Xfs), medium (431-441 cfs) and low
(79-290 cfs) flows for the six study sites. Degttd velocity measurements on the transects
were collected at the Dog Gulch transect at 200Uiper Canyon transects at 227 cfs, Narrows
transects at 86 cfs, and the Kanaka transects &ts79or Above Igo, the depth and velocity
measurements were made on the upstream trangesd afs and on the downstream transect at
290 cfs. For Upper Placer Extension, the depthvahatity measurements were made on the
upstream transect at 253 cfs and on the lowerdcars 255 cfs. The number and density of the
points collected for each site is given in Table 9.
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Table 8. Sites selected for modeling spring-run Chinook salmon and steelhead/rainbow
trout rearing. Lack of a number in parentheses indicates one unit for that mesohabitat
type in the site.

Site Name Segment Site Mesohabitat Types
Dog Gulch Upper Alluvial MCG, MCP, MCRI(2), MCRu, SCG, SCP, SCRi
Spawning Site 4 Upper Alluvial MCP, MCRI, MCRU, SCRI, SCRU
Peltier Upper Alluvial MCP(4), MCRI(3), MCRU(3), SCRI, SCRU(2)
Need Camp Upper Alluvial MCRI(2), MCRU(2)
Upper Canyon Canyon MCRi, MCRu
Indian Rhubarb Canyon MCP
Narrows Canyon MCP
Kanaka Canyon MCP
Above Igo Canyon MCP
Upper Placer Ext. Canyon MCP(2), MCRIi(2), MCRu, SCRi
Lower Placer Canyon MCRI

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

Calibration flows (the initial creek discharge vedurom Whiskeytown Dam for Dog Gulch,
combined Whiskeytown Dam and Page-Boulder Creek gésgharge values for Upper Canyon,
Narrows, and Kanaka, and IGO gage discharge vatuesbove Igo and Upper Placer
Extension) are given in Table 10. For time peristiere gage values were not available for
Page-Boulder Creek, flows for Page-Boulder Creetewalculated using the following
equatioR’

Page-Boulder Creek Flow = 0.23 x (IGO Flow — Whigke/n Flow) 4)

For high flow releases, the appropriate Whiskeytéaw to use for Upper Canyon, Narrows,
and Kanaka was determined by travel time from Wéysbwn to each of these sites.

0 This equation was derived from a linear regressfoRage-Boulder Creek gage flows
and the difference between IGO and Whiskeytown dlages. This regression equation had an
R? value of 0.96 (n = 83).
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Table 9. Number and density of topography, substrate and cover data points collected
for each site.

Number of Points

Site Name Points on Points Between Density of Points
Transects Transects (points/100 m?)

Dog Gulch 60 1331 17.7
Upper Canyon 82 233 10.7
Narrows 54 761 111.8
Kanaka 49 1987 127.2
Above Igo 69 587 10.8
Upper Placer Ext. 130 2854 24.8

Table 10. Gage measured and calculated calibration flows for the six study sites (cfs).
Calculated flows are given in italics. For entries with two flows separated by a forward
slash, the first flow is for cross-section one and the second flow is for cross-section two.

Date Dog Upper Narrows Kanaka Above Up.
Gulch  Canyon Igo Placer
Ext.

6/13/2005 150

6/14/2005 162 162

6/15/2005

6/16/2005 214
8/23/2005 120 122 122 122 127 127
9/19/2005 202 207
11/16/2005 779 781 7791784 784 793 793
11/17/2005 431 433/438  432/437 432 441 441
1/24/2006 200

1/25/2006 290

5/2/2006 227

6/13/2006 155 155
7/11/2006 86 86

7/13/2006 91 91
8/09/2006 79

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011

26



A total of five sets (Dog Gulch, Upper Canyon ararfdws) or six sets (Kanaka, Above Igo, and
Upper Placer Extension) of measured WSELSs at logdiom, and high flows were used in the
WSEL calibration. However, in the case of Uppexdeél Extension, the downstream transect
was the same as the upstream transect of the Bygoeer spawning study site and the calibration
used for that transect in the spawning study wasiexphere. See U.S. Fish and Wildlife (2007)
for more details on the Upper Placer spawning ssildyand transects. The SZFs used for each
transect are given in Appendix C. Calibration ffomv the PHABSIM files are given in

Appendix C. For all of the transectsG4 met the criteria described in the Methods section
(Appendix C).

Velocity Adjustment Factors (VAFs) were examineddt of the simulated flows (Appendix

D). None of the transects deviated significantbirthe expected pattern of VAFs. In addition,
VAF values (ranging from 0.42 to 4.96) were withim acceptable range of 0.2 to 5.0, with the
exception of the three highest flow VAFs for thenidka downstream transect and the highest
flow VAF for the Kanaka upstream transect. The¢hhnighest flow VAFs for the Kanaka
downstream transect of 5.31, 5.75, and 6.17 antitiest flow VAF for the Kanaka upstream
transect of 5.28, respectively, were somewhat abiiw@cceptable range of 5.0.

River2D Model Construction

The bed topography for each site is shown in AppeBdThe finite element computational
mesh (TIN) for each of the study sites are showfygpendix F. As shown in Appendix G, the
meshes for all sites had QI values of at least. 013t percentage of the original bed nodes for
which the meshes differed by 0.1 foot (0.031 mleses from the elevation of the original bed
nodes ranged from 80-94% (Appendix E).

River2D Model Calibration

Calibration was conducted at the highest simulaffimm, 900 cfs (25.5 ris), for allsite$’. The
calibrated cdg files all had a solution changeesklthan 0.000001, with the net Q for all sites
less than 1% (Appendix G). The calibrated cdgfbleall study sites had a maximum Froude
Number greater than 1.0 (Appendix G). Three ofsilkestudy sites, Dog Gulch, Upper Canyon
and Upper Placer Extension, had calibrated cdg Wilihin 0.1 foot (0.031 m) of the PHABSIM
WSEL. Five of the six study sites (with the exdepiof Narrows site) had average WSEL
values that were within the 0.1 (0.031 m) criterigkbove Igo had average WSELSs that were
well within that criterion value (Appendix G). FAbove Igo and Kanaka, the WSELSs next to
the locations of the left and right banks on thsttgam transect were both within the 0.1 foot

2LOur general rule is that it is more accurate tibeale sites using the WSELs simulated
by PHABSIM at the highest simulated flow becauseRVER2D model is more sensitive to the

bed roughness multiplier at higher flows, verswgdoflows.
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(0.031 m) criterion value. For Narrows, the WSEHLtbe left bank was within the 0.1 foot
(0.031 m) criterion value but the WSEL on the righhk greatly exceeded the 0.1 foot (0.031 m)
criterion value.

River2D Model Velocity Validation

The correlation between predicted and measureditiel® ranged from moderately strong to
very strong, with the exception of Narrows sitepp&ndix H), with there being some significant
differences between individual measured and predicelocities for all sites. The hydraulic
models for Dog Gulch, Upper Canyon, Kanaka, Ab@a &nd Upper Placer Extensisites

were validated, since the correlation between thdipted and measured velocities was greater
than 0.6 for these sites. However, we were unablalidate the model for Narrows site with
regards to velocity simulation, since the correlatwalues were considerably less than 0.6. As a
result, the model for this site is in question.gémeral, the simulated and measured cross-
channel velocity profiles at the upstream and dareasn transects (AppendixXXfi were

relatively similar in shape. Unless noted as feipthe simulated velocities for the six sites
were relatively similar to the measured velocit@sthe transects.

River2D over-predicted the simulated velocitiestfar Upper Canyon downstream (XS1)
transect on the west side of the channel and ym@elicted the velocities for much of the rest of
the channel. For the Upper Canyon upstream (X@&Rséct, River2D under-predicted the
simulated velocities on the west side of the chhnimethe case of the Narrows downstream
(XS1) and upstream (XS2) transects, River2D undedipted the velocities on the west side of
the channel. River2D also under-predicted the kitad velocities for the Narrows downstream
(XS1) transect on the east side of the channelevaivier-predicting the simulated velocities for
the mid-channel portion of the upstream (XS2) teahdn the case of Kanaka, River2D over-
predicted the simulated velocities on the southk sicthe downstream (XS1) and upstream
(XS2) transects and under-predicted the veloctrethe north sides of those transecEor

Above Igo site, River2D under-predicted the velesitfor the west side of the upstream (XS2)
transect, while over-predicting the simulated vitles for the east side of the channel. River2D
over-predicted the simulated velocities for the &lpplacer Extension downstream (XS1)
transect on the west side of the channel, whileetipdedicting the simulated velocities on the
east side of the channel. In the case of the egosttransect, River2D under-predicted the
simulated velocities on the west side of the chhnvigle over-predicting the simulated
velocities on the east side of the channel (Appehii

?2\/elocities were plotted versus easting for trarsétt were oriented primarily east-
west, while velocities were plotted versus northimgtransects that were primarily north-south.
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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 asatuchange of less than 0.00001, but the net Q
was greater than 1% for 1 flow for Upper Canyofip#s for Narrows, 1 flow for Kanaka, 5

flows for Above Igo, and 1 flow for Upper PlacertErsion (Appendix I). The maximum

Froude Number was greater than 1.0 for all 23 satedl flows for Dog Gulch, 19 of the 23
simulated flows for Upper Canyon, all 23 simulatiedvs for Narrows, 16 of the 23 simulated
flows for Kanaka, 7 of the 23 simulated flows fdo@dve Igo, and all 23 simulated flows for
Upper Placer Extension (Appendix I).

Habitat Quitability Criteria Data Collection

The sampling dates and Clear Creek flows are showable 11. There were 774
measurements of depth, adjacent velocity and caver773 measurements of velocity at
locations where YOY Chinook salmon and steelheadioav trout were observed. All but 46 of
these measurements were made near the stream bErk® were 214 observations of spring-
run Chinook salmon and 566 observations of stedlraabow trou’. There were 308
observations of fish less than 40 mm, 224 obsematof 40-60 mm fish, 191 observations of
60-80 mm fish and 190 observations of fish grethian 80 mm. A total of 1,175 mesohabitat
units were surveyed. A total of 29.7 miles of Aeank habitat and 6.3 miles of mid-channel
habitat were sampled. Table 12 summarizes the auoflieet of different mesohabitat types
sampled and Table 13 summarizes the number obfebtferent cover types sampled. To
evaluate whether we have spent equal effort sagnplieas with and without woody cover, we
have developed two different groups of cover cdibesed on snorkel surveys we conducted on
the Sacramento River: Cover Group 1 (cover codmsd/ and composite [3.7, 4.7, 5.7 & 9.7,
i.e. instream+overhead] cover), and Cover Grougll®ther cover codes). A total of 18.6 miles
(11.2 km) of Cover Group 0 and 10.6 miles (6.4 ki over Group 1 in near-bank habffat

and 6.2 miles (3.7 km) of Cover Group 0 and 750 {229 m) of Cover Group 1 in mid-channel
habitat, were sampled.

Habitat Quitability Criteria Devel opment

The results of the Mann-Whitney U tests and Pe&dest for association to test for differences
between fry and juvenile salmonids, as shown ind &b, showed significant differences (at

p = 0.05) between fry and juvenile habitat usealbfour variables for all three criteria to
separate fry from juveniles. However, there wasdteatest difference between fry and juvenile

%These numbers total more than 774 because a five abservations included both
spring-run Chinook salmon and steelhead/rainbout ty®Y and only one measurement was
made per group of closely associated individuals.

24 These numbers are less than the total miles sdrbpleause cover data were not

recorded for all areas sampled.
USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
29



Table 11. Spring-run Chinook salmon and steelhead/rainbow trout YOY HSC sampling
dates and flows. For multiple dates, flows are averages.

Sampling Dates Clear Creek Flows?’ (cfs)
September 24, 2004 213
January 14, 21, and 26-27, 2005 283
February 15, 2005 238
April 6 and 20, 2005 250
May 5, 11-13, 16, 23 and 26, 2005 264
June 7, 10, 13 and 23-24, 2005 198
July 28-29, 2005 154
November 22, 2005 199
December 7-8 and 14-16, 2005 216
January 25-26, 2006 194
February 10, 17 and 23, 2006 272
March 9-10, 15-17, 20-21, 27 and 29, 2006 378
April 6, 20-21, 24 and 26, 2006 333
May 1, 5-6, 9-10, 16-17, 24-25 and 30-31, 2006 262
June 6-7, 2006 136
July 5 and 14, 2006 95
August 8, 2006 89
December 7, 15, 18-20 and 29, 2006 240
January 5, 8, 10, 17-19, 25-26 and 30-31, 2007 217
February 1, 5-7, 13-15, 21 and 27, 2007 261
March 7, 2007 255
April 3, 5, 10, 13, 17 and 26-27, 2007 235
May 1, 11, 15-18 and 23-24, 2007 227
June 7, 19 and 21, 2007 167
July 10, 12 and 19-20, 2007 106
January 16-17 and 30, 2008 253
April 29-30, 2008 224

25U.S. Geological Survey Gage Number 11372000 onr@eeek near Igo, CA.
USFWS, SFWO, Restoration and Monitoring Program
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Table 12. Distances sampled for YOY spring-run Chinook salmon and
steelhead/rainbow trout HSC data - mesohabitat types

Mesohabitat Type Near-bank habitat Mid-channel habitat
distance sampled (ft) distance sampled (ft)
Main Channel Glide 4,071 (1,241 m) 744 (227 m)
Main Channel Pool 66,804 (20,362 m) 12,993 (3,960 m)
Main Channel Riffle 31,292 (9,538 m) 7,011 (2,137 m)
Main Channel Run 52,065 (15,869 m) 10,395 (3,168 m)
Side Channel Glide 0 (0 m) 550 (168 m)
Side Channel Pool 1,180 (360 m) 520 (158 m)
Side Channel Riffle 200 (61 m) 365 (111 m)
Side Channel Run 0 (0 m) 664 (202 m)
Cascade 1,129 (344 m) 282 (86 m)

Table 13. Distances sampled for YOY spring-run Chinook salmon and
steelhead/rainbow trout HSC data - cover types.

Cover Type Near-bank habitat Mid-channel habitat
distance sampled (ft) distance sampled (ft)

None 48,623 (14,820 m) 18,372 (5,600 m)

Cobble 14,901 (4,542 m) 8,763 (2,671 m)

Boulder 7,835 (2,388 m) 4,558 (1,389 m)
Fine Woody 48,153 (14,677 m) 465 (142 m)
Branches 23,518 (7,168 m) 376 (115 m)

Log 1,700 (518 m) 38 (12 m)
Overhead 1,461 (445 m) 26 (8 m)
Undercut 3,049 (929 m) 73 (22 m)

Aquatic Vegetation 5,115 (1,559 m) 616 (188 m)
Rip Rap 0 (0 m) 0 (0m)
Overhead + instream 45,101 (13,747 m) 611 (186 m)

USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Table 14. Differences in YOY salmonid habitat use as a function of size.

Variable <40 mm Versus >40 mm <60 mm Versus >60 mm <80 mm Versus >80 mm

Depth  x?=77.92, p<0.000001, x?=141.65, p<0.000001, X*=172.71, p <0.000001,

n = 308, 530 n = 468, 344 n =623, 190
Velocity  x?=78.06, p <0.000001, ¥°=119.28, p <0.000001, X*=142.08, p <0.000001,
n = 307, 530 n =467, 344 n =622, 190
Adjacent x?=116.6, p <0.000001, x°=183.55, p <0.000001, x*=140.35, p <0.000001,
Velocity n = 308, 530 n = 468, 344 n =623, 190
Cover C =62, p < 0.000001, C = 115, p < 0.000001, C = 147, p < 0.000001,
n = 308, 530 n = 468, 344 n =623, 190

habitat use for depth, velocity and cover for thH&0<mm versus > 80 mm criteria to separate fry
from juveniles (see Z and C values in Table 14))eminere was greatest difference between fry
and juvenile habitat use for adjacent velocitytfer < 60 mm versus > 60 mm criteria to separate
fry from juveniles (see Z values in Table 14). c®inhere was the greatest difference between fry
and juvenile habitat use for the < 80 mm versu® mén criteria for three of the four parameters,
we selected 80 mm as the criteria to separatedng fuveniles. Hereafter, fry refers to YOY

less than 80 mm, while juvenile refers to YOY geedhan 80 mm.

The results of the Mann-Whitney U tests and Pe&dest for association to test for differences
between spring-run Chinook salmon and steelheathoai trout, are shown in Table 15. There
were significant differences (at p = 0.05) betwspecies for fry for depth and velocity and for
juveniles for all four parameters (Sgeand C values in Table 22), but there were no Sagmit
differences (at p = 0.05) between species fordrafljacent velocity or cover. For fry, we
lumped together data for both species for depthvatatity, but developed separate criteria for
each species for adjacent velocity and cover.jlr@niles, we lumped data for both species for
all four parameters.

Based on observations, spring-run Chinook salmpwére present between November 22 and
June 30, and steelhead/rainbow trout fry were ptdsgtween January 26 and November 22. As
a result, we only used unoccupied data collectédd®sn November 22 and June 30 (1,665
observations) to develop spring-run Chinook salfnpiadjacent velocity and cover criteria, and
only used unoccupied data collected between Jaaaynd November 22 (1,718 observations)
to develop steelhead/rainbow trout adjacent vetamd cover criteria. We used all of the
unoccupied observations when we combined togeth@f both species, since either spring-run
Chinook salmon or steelhead rainbow trout fry wasserved on all sampling dates (November
22 through September 24). For juvenile salmomaspnly used unoccupied data collected
between March 7 and September 24 (1,495 obsergatisince all but one of the observations of

USFWS, SFWO, Restoration and Monitoring Program
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Table 15. Differences in YOY habitat use as a function of species.

Variable <80 mm Fish >80 mm Fish
Depth x*> =0.01, p=0.903, x®> =0.45, p =0.50,
n =202, 426 n=17 174
Velocity x? =1.53, p=0.216, x? =0.73, p=0.39,
n =201, 426 n=17,174
Adjacent Velocity  x? =23.22, p < 0.000001, x> =3.73,p = 0.053,
n =202, 426 n=17,174
Cover C=24,p=0.018, C=6,p=0.77,
n =202, 426 n=17,174

either juvenile spring-run Chinook salmon or stealiifrainbow trout were made during this time
period®. The number of occupied and unoccupied locationsach parameter, species and life-
stage are shown in Table 16.

The coefficients for the final logistic regressidasdepth and velocity for each size class are
shown in Table 17. The logistic regression and@ased parameters were statistically
significant, with the exception of the®\¢oefficient for juvenile salmonids. We still ust \/
coefficient for juvenile salmonids because the jned0.054) was just slightly higher than 0.05
and was lower than p-values fof {0.075) or \/ (0.072) coefficients. The V term was
eliminated after the first logistic regression,cant had a p-value of 0.34. The logistic
regression equation for salmonid fry velocity iality peaked at O feet/second (0 m/s), reached a
minimum Sl of 0.10 at 1.9 feet/second (0.58 m/s}l then increased to a Sl of 0.57 at 3.6
feet/second (1.10 m/s, the maximum velocity at Wisigring-run Chinook salmon or steelhead/
rainbow trout fry were found in Clear Creek). Téerere 10 occupied (1.6%) and 399
unoccupied (20%) locations with velocities gredtan 1.9 feet/second (0.58 m/s), indicating
that the results of the logistic regression fooegles greater than 1.9 feet/second (0.58 m/s)
were not supported by the underlying data. Assaltewe set the Sl to 0.10 for velocities of 1.9
to 3.6 feet/second (0.58 to 1.10 m/s). The firggdtd and velocity criteria, along with the
frequency distributions of occupied and unoccupiedtions, are shown in Figures 3 through 6
and Appendix J.

Adjacent velocities were highly correlated withagties (Table 18). For spring-run fry, the [J *
V] and [M * V¥ terms were dropped from the regressions bec#asp-values for J and M were
greater than 0.05. For steelhead/rainbow trouadiicent velocity, the [L * § and [M * V]

?The only observation of a juvenile salmonid outsifléhis time period (on January 26) was of

a fish classified as a winter-run Chinook salmornh®/CDFG race tables.
USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Table 16. Number of occupied and unoccupied locations.

Depth Velocity Adjacent Velocity Cover
Spring-run Occupied N/A N/A 201 201
Chinook fry Unoccupied N/A N/A 1665 1665
Steelhead/rainbow Occupied N/A N/A 426 426
trout fry Unoccupied N/A N/A 1718 1718
Salmonid fry Occupied 628 627 N/A N/A
Unoccupied 2012 2012 N/A N/A
Juvenile Occupied 191 191 191 191
salmonid Unoccupied 1495 1495 1495 1495

Table 17. Logistic regression coefficients. A blank for a coefficient or constant value
indicates that term or the constant was not used in the logistic regression, because the
p-value for that coefficient or for the constant was greater than 0.05. The coefficients in
this table were determined from Equation 2. The logistic regression and all associated
parameters were statistically significant27.

Species/life stage Parameter I J K L M R®
Salmonid fry depth 0.4302 -1.2582 0.132
Salmonid fry velocity -3.2386  0.9297 -0.0282 N/AZ®

Juvenile salmonid depth -3.1069 0.9686 -0.1668 0.014

Juvenile salmonid velocity -1.9889 -0.0101 0.004

terms were dropped from the regressions becauge\hbkies for L and M were greater than
0.05. For juvenile salmonid adjacent velocity, fiket V2], [L* V¥ and [M * V*] terms were
dropped from the regressions because the p-vatud§ L. and M were greater than 0.05. The
logistic regression and remaining coefficients waegistically significant. The | and N
coefficients from equation 3 are given in Table ¥Y8e were unable to develop adjacent velocity
criteria for spring-run Chinook salmon fry becatise coefficients in Table 18 produced a
relationship in which suitability decreased witkneasing adjacent velocity. Such a relationship
is inconsistent with the biological mechanism fdjagent velocity of turbulent mixing

?’The only exception to this was for the coefficitartthe \2 term for salmonid fry, where the p
value was 0.054.
“There are no Rvalues for logistic regressions that do not inelacconstant, since thé Ralue

is calculated by comparing the logistic regressuith a constant-only model.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

September 26, 2011

34



Figure 3. Spring-run Chinook salmon and steelhead/rainbow trout fry rearing depth
HSC. The HSC show that spring-run Chinook salmon and steelhead/rainbow trout fry
rearing has a non-zero suitability for depths of 0.1 to 4.0 feet (0.031 to 1.22 m) and an
optimum suitability at a depth of 0.1 feet (0.031 m).
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Figure 4. Spring-run Chinook salmon and steelhead/rainbow trout fry rearing velocity
HSC. The HSC show that spring-run Chinook salmon and steelhead/rainbow trout fry
rearing has a non-zero suitability for velocities of 0 to 3.60 feet/sec (0 to 1.097 m/s) and

an optimum suitability at a velocity of zero.
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Figure 5. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing depth
HSC. The HSC show that spring-run Chinook salmon and steelhead/rainbow trout
juvenile rearing has a non-zero suitability for depths of 0.3 to 5.5 feet (0.09 to 1.68 m)
and an optimum suitability at depths of 2.8 to 3.0 feet (0.85 to 0.91 m).
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Figure 6. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
velocity HSC. The HSC show that spring-run Chinook salmon and steelhead/rainbow
trout juvenile rearing has a non-zero suitability for velocities of 0 to 5.53 feet/sec (0 to

1.685 m/s) and an optimum suitability at velocities of O to 0.8 feet/sec (0 to 0.244 m).
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Table 18. Adjacent velocity logistic regression coefficients and R? values. The R?
values are McFadden’s Rho-squared values. The coefficients in this table were
determined from Equation 2.

Species/Life Stage Velocity/Adjacent Velocity Correlation I N R®
Chinook fry 0.84 -1.1362 -0.6875 0.145
Steelhead/rainbow trout fry 0.82 -0.4596 0.1608  0.153
Juvenile salmonids 0.80 -2.3488 0.4880 0.036

transporting invertebrate drift from fast-waterag¢o adjacent slow-water areas where fry and
juvenile salmon and steelhead/rainbow trout resitige results of equation 3 and the derivation
of the final adjacent velocity criteria (Appendiy Kre shown in Figures 7 and 8.

The subset of sites used to develop cover critenaisted of a total of 20.6 miles (12.4 km) of
channel (10.3 miles [6.2 km] of cover group 0 4B miles [6.2 km] of cover group 1), or

58% of the total area sampled. The subset of sithsded 2,021 feet (616 m) of mid-channel
habitat and 20.2 miles (12.1 km) of near-bank labiThe subset of sites included 543 occupied
observations (70% of the total number of occupmmations) and 1,402 unoccupied locations
(67% of the unocccupied locations). The statibtiests are presented in Tables 19 and 20. For
Table 19, an asterisk indicates that presence/abs#rfish for those cover codes were
significantly different at p = 0.05. For Table 20 asterisk indicates that fish presence/absence
was significantly different between groups at p.650 Our analysis indicated that there were
two distinct groups of cover types for spring-rumitiok salmon fry and spring-run Chinook
salmon/steelhead/rainbow trout juveniles and tdisenct groups for steelhead/rainbow trout

fry. This was the minimum number of groups for @rhthere were significant differences
between groups but no significant differences antbegover codes in each group. For all three
sets of criteria there were no occupied or uno@iipbservations of cover code 10; we assigned
cover code 10 the same HSI as cover code 2, sinsenp-rap consists of boulder-sized rock.
The final cover HSC values for both species aradihges are shown in Figures 9 to 11 and in
Appendix J.

Habitat Smulation

The WUA values calculated for each site are costhin Appendix K. The ratios of the total
area of each habitat type present in a given segtoehe area of each habitat type that was
modeled in that segment are given in Table 21.

The flow habitat relationships for spring-run Crokasalmon fry rearing are shown in Figures 12
and 13 and Appendix K. In the Upper Alluvial Segmehe 2-D model predicts the highest total
WUA for spring-run Chinook salmon fry at 600 cfis. the Canyon Segment, the 2-D model
predicts the highest total WUA for spring-run Chokasalmon fry at 900 cfs.

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Figure 7. Steelhead/rainbow trout fry rearing adjacent velocity HSC.
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Figure 8. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
adjacent velocity HSC.
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Table 19. Statistical tests of difference between cover codes, using the number of
observations where fish were present and absent. An asterisk indicates that
presence/absence of fish for those cover codes were significantly different at p = 0.05.

Species/life stage Cover Codes c-value
Chinook salmon fry 3.7,3,47,8,9,2,0,4,7,5,5.7,9.7 132 *
Chinook salmon fry 9,2,0,4,7,5/5.7,9.7 9.6
Chinook salmon fry 3.7,3,47,8 4.3

Steelhead/rainbow trout fry 5,57,47,8,37,9,3,4,7,9.7,0,2,1 270 *

Steelhead/rainbow trout fry 5,57,4.7,8, 3.7 1.6
Steelhead/rainbow trout fry 9,3,4,7,9.7 6.7
Steelhead/rainbow trout fry 0,21 1.4
Juvenile 8,5 4,37,7,1,47,3,2,0,5.7,9,9.7 39*
Juvenile 8,5,4,37,7,1,4.7 10.5
Juvenile 3,2,0,5.7,9,9.7 1.7

Table 20. Statistical tests of differences between cover code groups, using the number
of observations where fish were present and absent. An asterisk indicates that fish
presence/absence was significantly different between groups at

p = 0.05.
Cover Codes In Group

Speciesl/life stage Group A Group B Group C c-value

Chinook fry 9,20,4,7,5,5.7,9.7 3.7,3,4.7,8 118.7 *

Steelhead fry 5,5.7,4.7,8, 3.7 9,3,4,7,9.7 0,21 258.3 *

Juvenile 8,54,37,7,1,47 3,2,0,5.7,9,9.7 243 *

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Figure 9. Spring-run Chinook salmon fry rearing cover HSC.
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Figure 10. Steelhead/rainbow trout fry rearing cover HSC.
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Figure 11. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
cover HSC.
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Table 21. Ratio of habitat areas in segment to habitat areas in modeled sites. Entries
with an asterisk indicate that the habitat type was not modeled in that reach. Entries
with two asterisks indicate that the habitat type was not present in that reach. The
ratios were adjusted to account for study sites where the site boundary did not coincide
with the boundary of a habitat unit, so that the area of the habitat type only included the
portion of the habitat unit that was within the study site.

Habitat Type Upper Alluvial Segment Canyon Segment

Main Channel Glide 1.55 *

Main Channel Pool 6.27 13.40%°
Main Channel Riffle 2.76 13.68

Main Channel Run 6.17 15.79

Side Channel Pool 54.55 **

Side Channel Riffle 18.12 *

Side Channel Run 7.40 1.60

Side Channel Glide 1.94 *

The flow habitat relationships for steelhead/raimkiout fry rearing are shown in Figures 14 and
15 and Appendix K. In the Upper Alluvial Segmeahg 2-D model predicts the highest total
WUA for steelhead/rainbow trout fry at 700 cfs. the Canyon Segment, the 2-D model predicts
the highest total WUA for steelhead/rainbow traytet 900 cfs.

The flow habitat relationships for spring-run Chekasalmon and steelhead/rainbow trout
juvenile rearing are shown in Figures 16 and 17Amgendix K. In the Upper Alluvial
Segment, the 2-D model predicts the highest totdl\for spring-run Chinook salmon and
steelhead/rainbow trout juvenile rearing at 900 ¢fsthe Canyon Segment, the 2-D model
predicts the highest total WUA for spring-run Clokasalmon and steelhead/rainbow trout
juvenile rearing at 650 cfs.

29 Excluding Narrows site increases this ratio tcb24.
USFWS, SFWO, Restoration and Monitoring Program
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Figure 12. Spring-run Chinook salmon fry rearing flow-habitat relationship in the Upper
Alluvial Segment. The flow with the predicted maximum spring-run Chinook salmon fry
rearing habitat was 600 cfs.
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Figure 13. Spring-run Chinook salmon fry rearing flow-habitat relationship in the
Canyon Segment. The flow with the predicted maximum spring-run Chinook salmon fry
rearing habitat was 900 cfs.
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Figure 14. Steelhead/rainbow trout fry rearing flow-habitat relationship in the Upper
Alluvial Segment. The flow with the predicted maximum steelhead/rainbow trout fry
rearing habitat was 700 cfs.
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Figure 15. Steelhead/rainbow trout fry rearing flow-habitat relationship in the Canyon
Segment. The flow with the predicted maximum steelhead/rainbow trout fry rearing
habitat was 900 cfs.
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Figure 16. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
flow-habitat relationship in the Upper Alluvial Segment. The flow with the predicted
maximum spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
habitat was 900 cfs.
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Figure 17. Spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing
flow-habitat relationship in the Canyon Segment. The flow with the predicted maximum
spring-run Chinook salmon and steelhead/rainbow trout juvenile rearing habitat was
650 cfs.
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DISCUSSION
Habitat Mapping

Traditionally habitat mapping is done in a lineasHion going downstream. The two-
dimensional habitat mapping used in this studyesentonsistent with a two-dimensional-based
hydraulic and habitat modeling of habitat availiyil In addition, as shown in Figure 18, two-
dimensional habitat mapping better captures theptaxity of mesohabitat units in Clear Creek.

Hydraulic and Structural Habitat Data Collection

All of the measurements were accurate to 1 fo@l(@n) horizontally and 0.1 foot (0.031 m)
vertically. We conclude that measurement errorld/diave a minimal effect on the final result.

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

We did not regard the slightly high VAF values floe highest three simulation flows of 700 to 900
cfs for the Kanaka downstream transects and fohitjeest simulation flow of 900 cfs for the
Kanaka upstream transect as problematic since RHMB&s only used to simulate WSELs and
not velocities.

River2D Model Construction

In most cases, the portions of the mesh where thasegreater than a 0.1 foot (0.031 m) difference
between the mesh and final bed file were in steegsain these areas, the mesh would be within 0.1
foot (0.031 m) vertically of the bed file withinQlfoot (0.31 m) horizontally of the bed file loaati
Given that we had a 1-foot (0.31 m) horizontal l@f@ccuracy, such areas would have an adequate
fit of the mesh to the bed file.

River2D Model Calibration

In general, the simulated WSELSs at the calibratiow for Narrows, Kanaka and Above Igo
sites differed by more than 0.1 foot (0.031 m)ams places along the upstream transect.
However, for Kanaka and Above Igo sites, the WSE#x to the locations of the left and right
banks within the model were all within the 0.1 f¢@1031 m) criterion value in the final
calibration. The PHABSIM simulated WSELs and theasured WSELSs used for calibrating the
cdg files were based on WSEL measurements takdrtoéxe left and right banks. We decided
to accept the calibration results for Kanaka andwehlgo sites at the highest simulation flow
because all our WSEL measurements were made nthé teft and right banks (Appendix G).
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Figure 18. Detail of habitat mapping of a portion of the Upper Placer Extension study
site.
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We attribute the maximum difference of 0.27 fee®®2 m) between the WSEL simulated by
River2D and PHABSIM at 900 cfs for the Narrows u@ain transect to conditions near the
upstream transect that cannot be accurately moedetadh 2-dimensional hydraulic model.
Specifically, there were large boulders with flomderneath of them on the left bank near the
upstream transect. We represented the topogrdpghgse boulders by subtracting the height of
the boulders from the elevation of the top of tbalders. We presume that this approximation
of the topography at this location forced too matkhe flow toward the right bank, elevating
the water surface elevation at that location byf@e2 (0.061 m), relative to the water surface
elevation predicted by PHABSIM. Accordingly, wenctude the calibration for Kanaka and
Above Igo sites was acceptable, but that the eldom for Narrows was not acceptable.

We considered the solution to be acceptable fostingy site cdg calibration files, which all had
a maximum Froude Number greater than 1.0, sincérntxade Number only exceeded 1.0 at a
few nodes, with the vast majority of the site hgvittoude Numbers less than 1.0. Furthermore,
these nodes were located either at the water's @dgbere water depth was extremely shallow,
typically approaching zero. A high Froude Numbtea &ery limited number of nodes at water’s
edge or in very shallow depths would be expectdthte an insignificant effect on the model
results.

River2D Model Velocity Validation

As noted in the results section, we were unablaliolate the velocity predictions for the
hydraulic model of the Narrows site. As a redhiére is greater uncertainty in the habitat
modeling results for this site than for the renragnsites. We were left with two alternatives:

1) to exclude this site and represent main chgoo@l habitat by the remaining sites in the
Canyon Segment; or 2) to include this site. Wechate that it would be more accurate to model
rearing habitat in the Canyon Segment not usirgydité because the remaining sites in the
Canyon reach, containing a total of five main cleipools, adequately represent this
mesohabitat type.

Differences in magnitude in most cases are likely tb (1) aspects of the bed topography of the
site that were not captured in our data collect{@ppperator error during data collection, i.e.,
the probe was not facing precisely into the digecof current, and (3) range of natural velocity
variation at each point over time resulting in sameasured data points at the low or high end of
the velocity range averaged in the model simulatiamd (4) the measured velocities being the
component of the velocity in the downstream diectwhile the velocities predicted by the 2-D
model were the absolute magnitude of veld€ityrhe 2-D model integrates effects from the
surrounding elements at each point. Thus, poirsmements of velocity can differ from
simulated values simply due to the local area natiggn that takes place. As a result, the area
integration effect noted above will produce somevamaoother lateral velocity profiles than the
observations.

%0 For areas with transverse flow, this would resulthie 2-D model appearing to over-

predict velocities even if it was accurately prédig the velocities.
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We attribute the overprediction of velocities foetmiddle portion of the Narrows site to a
strong eddy that was produced in the hydraulic (e Figure 19). The strong simulated
upstream velocities on the east side of the chamerd countered by the strong downstream
velocities on the west side of the channel. Basethe magnitude of the simulated velocities, as
compared to the measured velocities, we suspddhihi@e was not an eddy present in this
portion of the site, or at least not an eddy of thagnitude. We attribute the presence of the
eddy in the model to some aspect of the bed topbgravhich was not captured in our data
collection.

The higher simulated velocities on the west sidéhefchannel and the lower simulated
velocities in the rest of the channel comparedhéomeasured velocities for Upper Canyon
transects 1 and 2 may have been the result ofrésatinat were upstream of the study site along
the west side of the channel likely acting to regdtie velocities on that side of the channel and
increase velocities more toward the rest of thewchh However, we cannot rule out the
possibility that deviations in the simulated vetms may have also resulted from errors in the
construction of the bed topography within the bt fused for building the RIVER2D file. This
explanation also applies to the other study sitesressimulated velocities deviated from the
velocities measured on the transects, such agteeam transects for Above Igo and Upper
Placer Extension. For Above Igo transect 1, ther-@redicted velocities for the majority of the
cross-section can be attributed to errors in thecity measurements on the transect (being too
low) or the gaged discharge was in error. For gotamn this situation, the gaged discharge was
290 cfs. However, the measured discharge on tratseas 260 cfs.

River2D Model Simulation Flow Runs

The simulation flow run cdg files for Upper Canydigrrows, Kanaka, Above Igo and Upper
Placer Extension where the net Q was greater th@mwere still considered to have a stable
solution since the net Q was not changing and ¢h&nin all cases was less than 5%. In
comparison, the accepted level of accuracy for Ug&jes is generally 5%. Thus, the
difference between the flows at the upstream amchdtveam boundary (net Q) is within the
same range as the accuracy for USGS gages, aods&lered acceptable. Although a majority
of the simulation flow files had Max Froude valuikat exceeded 1.0, we considered these
production runs to be acceptable since the Froudrehér was only greater than 1.0 at a few
nodes, with the vast majority of the area withia #ite having Froude Numbers less than 1.0.
Again, as described in River2D Model Calibratiosadission, these nodes were located either at
the water’s edge or where water depth was extrest&lifow, typically approaching zero. A
high Froude Number at a very limited number of rsogaewater’s edge or in very shallow depths
would be expected to have an insignificant effecthee model results. In addition, there were
limited portions of a few of the sites, such agipos of the upper end of Narrows where water
was passing over the top of boulders, where thetteally was supercritical flow, where a Max
Froude number value of greater than 1.0 would Ipeebed.
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Figure 19. Detail of velocity simulation at a flow of 86 cfs for the portion of the Narrows
site with a strong eddy generated by River2D. Measured velocities within this portion of
the site did not exceed 0.5 m/s. Units of velocity in figure are m/s.
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Habitat Suitability Criteria (HSC) Development

The R values in Tables 17 and 18 in general reflectatge degree of overlap in occupied and
unoccupied depths and velocities, as shown in Eim@rto 6. Low Rvalues are the norm in
logistic regression, particularly in comparisonhwlihear regression models (Hosmer and
Lemeshow 2000). TheRalues in this study were significantly lower thtanse in Knapp and
Preisler (1999), Geist et al. (2000) and Guay .€28I00), which had Rvalues ranging from 0.49
to 0.86. We attribute this difference to the féetttthe above studies used a multivariate logistic
regression which included all of the independeniades. It would be expected that the
proportion of variance (Rvalue) explained by the habitat suitability vatéswould be
apportioned among depth, velocity, adjacent vefaaiid cover. For example, McHugh and
Budy (2004) had much lower*Ralues, in the range of 0.13 to 0.31, for logistigressions with
only one independent variable.

Rubin et al. (1991) present a similar method teskogregression using fish density instead of
presence-absence, and using an exponential polghosgression, rather than a logistic
regression. Rubin et al. (1991) selected an exga@igolynomial regression because the
distribution of counts of fish resembles a Poisdistribution. We did not select this method for
the following reasons: 1) we had low confidencéhim accuracy of our estimates of the number
of fish in each observation; and 2) while it iss@aable to assume that a school of fish represents
higher quality habitat than 1 fish, it is probablyreasonable to assume that, for example, 100
fish represents 100 times better habitat thanhl f& more appropriate measure of the effects of
the number of fish on habitat quality would prolyaié to select some measure like log (number
of fish + 1), so that 1-2 fish would represent lugaf one, 3-30 fish would represent a value of
two and 31-315 fish would represent a value ofedireWe are not aware of any such measure in
the literature, nor are we aware of how we coulkgmheine what an appropriate measure would
be.

It should be noted that the regressions were fitéaraw occupied and unoccupied data, rather
than to the frequency histograms shown in Figurds@ugh 6. In general, the criteria track the
occupied data, but drop off slower than the ocalipieta due to the frequency of the unoccupied
data also dropping over the same range of depthselncities.

Figures 20 to 23 compare the two to three setsSff ffom this study. Consistent with the
scientific literature (Gido and Propst 1999, Sechmit al. 1986, Baltz and Moyle 1984 and
Moyle and Vondracek 1985), our data showed thgelafish select deeper and faster conditions
than smaller fish. The criteria also show a cdastspreference for composite cover (instream
woody plus overhead — cover codes 3.7 and 4.7ngosite cover likely is an important aspect
of juvenile salmonid habitat because it reducegsikeof both piscivorous and avian predation.
The cover criteria also suggest that cobble cavarare important for Chinook salmon and
steelhead/rainbow trout juveniles than for steadfr@aabow trout fry or Chinook salmon fry.

%1 The largest number of fish that were in one otmtésm was 42 fish.
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Figure 20. Comparison of depth HSC from this study. These criteria indicate that the
optimum depths for juvenile fish are greater than those for fry.
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Figure 21. Comparison of velocity HSC from this study. These criteria indicate that
there was a slower rate of decline of suitability with increasing velocity for Chinook and
steelhead/rainbow trout juveniles than for Chinook salmon and steelhead/ rainbow trout

fry.
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Figure 22. Comparison of cover HSC from this study. These criteria indicate that no
cover, cobble and boulder had a lower suitability for fry than juveniles, but that there

was a consistent preference for composite cover (instream woody plus overhead).
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Figure 23. Comparison of adjacent velocity HSC from this study. These criteria
indicate that turbulent mixing transporting invertebrate drift from fast-water areas to
adjacent slow-water areas was most important for Chinook salmon and steelhead
juveniles. Ther% were no adjacent velocity criteria for Chinook salmon fry.
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Figures 24 to 34 compare the criteria from thislgtwith the criteria from other studies. With
the exception of Chinook salmon fry, we comparé¢dfahe depth and velocity criteria with
those from Bovee (1978), since these criteria anensonly used in instream flow studies as
reference criteria. A previous instream flow stadyClear Creek (California Department of
Water Resources 1985) used the Bovee (1978) ertiesimulate juvenile rearing habitat for
fall-run Chinook salmon and steelhead. The prevsiudy did not model habitat for spring-run
Chinook salmon. Since Bovee (1978) does not hatexia for Chinook salmon fry, we used
another commonly cited reference criteria (Ral@ghl. 1986). For spring-run Chinook salmon
rearing, the only two additional criteria we weldeato identify were from the Yakima River in
Washington (Allen 2000) and Cape Horn and Camasksra Idaho (Rubin et al. 1991). We
selected criteria from Allen (2000) and Rubin et(3991) to compare to our fry rearing criteria
and criteria from Allen (2000) to compare to ourguile criteria, based on the size of fish
reported for these studiés For steelhead/rainbow trout fry and juvenilettieand velocity, the
only other HSC developed in California that we walée to identify were from the Feather
(California Department of Water Resources 2005) Bimity (Hampton 1997) rivers.

32 Allen (2000) includes two sets of criteria whdre fish sizes (25 to 76 mm) are most similar
to our fry size criteria and one set of criteriaandnthe fish sizes (70 to 110 mm) are most similar
to our juvenile size criteria.
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Figure 24. Comparison of spring-run Chinook salmon fry depth HSC from this study
with other spring-run Chinook salmon fry depth HSC. The criteria from this study show
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Figure 25. Comparison of spring-run Chinook salmon fry velocity HSC from this study
with other spring-run Chinook salmon fry velocity HSC. The criteria from this study

show non-zero suitability, albeit at low values, for faster conditions than other criteria.
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Figure 26. Comparison of spring-run Chinook salmon juvenile depth HSC from this
study with other spring-run Chinook salmon juvenile depth HSC. The criteria from this
study are similar to the Yakima River criteria, although reaching zero suitability at a

shallower depth.
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Figure 27. Comparison of spring-run Chinook salmon juvenile velocity HSC from this
study with other spring-run Chinook salmon juvenile velocity HSC. The criteria from this
study show non-zero suitability for faster conditions than other criteria.
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Figure 28. Comparison of steelhead/rainbow trout fry depth HSC from this study with
other steelhead fry depth HSC. The criteria from this study show depth suitability
shifted to shallower conditions than the other criteria.
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Figure 29. Comparison of steelhead/rainbow trout fry velocity HSC from this study with

other steelhead fry velocity HSC. The criteria from this study show non-zero suitability

extending to faster conditions than other criteria.
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Figure 30. Comparison of steelhead/rainbow trout juvenile depth HSC from this study
with other steelhead juvenile depth HSC. The criteria from this study show optimum
suitability for deeper conditions than the other criteria.
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Figure 31. Comparison of steelhead/rainbow trout juvenile velocity HSC from this study
with other steelhead juvenile velocity HSC. The criteria from this study show non-zero
suitability extending to faster conditions than other criteria.
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Figure 32. Comparison of spring-run Chinook salmon juvenile adjacent velocity HSC
from this study with other Chinook salmon juvenile adjacent velocity HSC. The criteria
indicate that turbulent mixing transporting invertebrate drift from fast-water areas to
adjacent slow-water areas was more important for Clear Creek Chinook salmon juvenile
than for Sacr%nento River Chinook salmon juvenile.
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For cover, we were limited to comparing the cradrom this study to criteria we had developed
on other studies, due to the unique cover codisteay we used. We compared the spring-run
Chinook salmon fry and juvenile criteria from tlisidy to those we had developed for fall-run
Chinook salmon on the Sacramento River (Gard 20@3.have not previously developed
criteria for steelhead/rainbow trout fry or juvenikearing. For adjacent velocity, the only other
HSC we were able to identify for Chinook salmondnjuvenile rearing were the criteria we
developed on the Sacramento River (Gard 2006).h&Ve not previously developed criteria for
steelhead/rainbow trout fry or juvenile rearingr mere we able to identify any other adjacent
velocity HSC that had been developed for steelmaaudYow trout fry or juvenile rearing.

The spring-run Chinook salmon and steelhead/rainipowt fry depth criteria show suitability
shifted to shallower conditions, while the steethieginbow trout juvenile criteria show
suitability shifted to deeper conditions, as coregao the other criteria. We attribute this to the
use of a logistic regression to address availghdind that the other steelhead/rainbow trout
juvenile criteria, developed using use data, urslenate the suitability of deeper conditions (in
the range of 2.5 to 5.5 feet [0.76 to 1.68 m]) lbseathey do not take availability into account.
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Figure 33. Comparison of spring-run Chinook salmon fry cover HSC from this study
with other Chinook salmon fry cover HSC. These criteria indicate a consistent

preference for composite cover (instream woody plus overhead).
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Figure 34. Comparison of spring-run Chinook salmon juvenile cover HSC from this

study with other Chinook salmon juvenile cover HSC. These criteria indicate a
consistent preference for composite cover (instream woody plus overhead).

T

Y
772222222

A A S S LSS LSS LS LS LS LSS IS S S AS LSS A S S S S S S LSS S S S LSS S GG S S S S S S A s

S A GGG S S LSS S ST oSS S SIS S S S S S S S S S S S 9999 9

A LLLLLLLLLLL L LI L L LSS LL A SSS L LA LLL A AL LSS S S AL D

LSS TS LSS S LSS S S S S AT S S PSS S S S S A S S o

A A S S LSS LSS LS LS LS LSS IS S S AS LSS A S S S S S S LSS S S S LSS S GG S S S S S S A s

IS LSS LSS LSS S LSS LS LSS LSS LSS S A AT S S S A A A S S S LSS S S S A S S S S

é-
)

A A SIS S S S A S S S S S S SSSASS5HAA S S So

é-

1.0

T T
= o =
= = =

08
06 1

ISH

0} det-diy

LR pEsUIBRD + Uonelsbap onenby

g uonelefes onenkby

gyuegInoBpUN

! I8RO0 PESLIBAD

LG PESUISAD + o

B0

A PpeEsLUIEAD + saljolelg

P SeUIURIg

¢ PESLISAD + APOOAA SUIY

e ADCOAA SLIH

o lapinoyg

(RIS S0

L0 J1BA0D ON

Cover Code

DClear Creek Spring-run Chinook salmon juvenile

O Sacramento River Fall-run Chinook salmon juvenile

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

USFWS, SFWO, Restoration and Monitoring Program
September 26, 2011

64



The spring-run Chinook salmon and steelhead/rainipowt fry velocity criteria show non-zero
suitability, albeit at low values, for faster comoins than the other criteria. We attribute tlois t
the fact that we observed spring-run Chinook salarwh steelhead/rainbow trout fry at higher
velocities than for other criteria; there were alagons of spring-run Chinook salmon and
steelhead/rainbow trout fry in Clear Creek at vitles as high as 3.6 feet/sec (1.097 m/s), while
both the Rubin et al. (1991) and Raleigh et al8GQ)HSC had zero suitability for velocities
greater than 2.5 feet/sec (0.76 m/s). Similanly,spring-run Chinook salmon and
steelhead/rainbow trout juvenile velocity criteslaow non-zero suitability for faster conditions
than other criteria. We attribute this to the fhett we observed spring-run Chinook salmon and
steelhead/rainbow trout juveniles at higher velesithan for other criteria. For spring-run
Chinook salmon and steelhead/rainbow trout juvenileere were observations at velocities as
high as 5.53 feet/sec (1.685 m/s), while both thkiMa River and Bovee (1978) HSC had zero
suitability for velocities greater than 3.5 feet/$&.067 m/s). All of our velocity HSC showed an
optimal velocity at a lower value than for othatemia. We attribute this to use of a logistic
regression to address availability, and that therotriteria, developed primarily using use data,
underestimate the suitability of low velocity cotmains (in the range of 0 to 0.2 feet/sec [0 to
0.061 m/s]) because they do not take availabitity account.

The consistency between the Clear Creek and SantarRever fry and juvenile Chinook
salmon cover criteria, relative to preference fmmposite cover (instream woody plus overhead),
and the Chinook salmon juvenile adjacent velodiifeda supports the importance of these two
habitat characteristics for anadromous juvenilesald rearing. While cover is frequently used
for anadromous juvenile salmonid rearing, the sengalver categories used (typically no cover,
object cover, overhead cover and object plus oweefltever) misses the importance of woody
composite cover for anadromous juvenile salmorading. The concept of adjacent velocity
criteria was included in the original PHABSIM soéxe, through the HABTAYV program
(Milhous et al. 1989), but has rarely been impleteénand has been envisioned as primarily
applying to adult salmonids, where the fish residew-velocity areas, but briefly venture into
adjacent fast-velocity areas to feed on invertebdaift. In this study, our Sacramento River
study (U.S. Fish and Wildlife Service 2005) and Wuba River study (U.S. Fish and Wildlife
Service 2010), we have developed the adjacent iglriteria based on an entirely different
mechanism, namely turbulent mixing transportingen@brate drift from fast-water areas to
adjacent slow-water areas where fry and juvenil®@aids reside. The use of the adjacent
velocity criteria developed for the Sacramento Ratedy was validated on the Merced River
(Gard 2006). We conclude that this is an imporémpiect of anadromous juvenile salmonid
rearing habitat that has been overlooked in prevgiudies.

Habitat Smulation

There was considerable variation from site toisitihe flow-habitat relationships shown in
Appendix K. For example, the flow with the peakaamt of habitat for the five pools in the
Canyon Segment varied from 50 to 900 cfs (FiguBe®37). However, excluding the Narrows
site, the flow with the peak amount of habitat aralgges from 400 to 900 cfs. We attribute the
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Figure 35. Comparison of spring-run Chinook salmon fry flow-habitat relationship for
the five pools in the Canyon Segment.
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Figure 36. Comparison of steelhead/rainbow trout fry flow-habitat relationship for the
five pools in the Canyon Segment.
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Figure 37. Comparison of steelhead/rainbow trout and spring-run Chinook salmon
juvenile flow-habitat relationship for the five pools in the Canyon Segment.
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variation from site to site to complex interactimithe combinations of availability and
suitability of depth, velocity, adjacent velocitydacover, as they vary with flow. The overall
flow-habitat relationships for each segment, asvshio Figures 12 to 17, capture the inter-site
variability in flow-habitat relationships by weighg the amount of habitat for each mesohabitat
unit in each site by the proportion of each mestaatype present within each segment.

An earlier study (California Department of WatersBerces 1985) modeled fall-run Chinook
salmon juvenile and steelhead fry and juvenileinganabitat in Clear Creek between
Whiskeytown Dam and the confluence with the SacramRiver for flows of 40 to 500 cfs.
The previous study did not model spring-run Chineaknon rearing habitat and did not have
any study sites in the Upper Alluvial Segment, @ligih there was one study site in the Canyon
Segment (apparently falling within our Upper Pla€gtension site). This site was located in a
relatively high gradient area, which would tenadsult in maximum habitat at lower flows. A
representative reach approach was used to platets, instead of using habitat mapping to
extrapolate to the entire segment. PHABSIM wasl igenodel habitat, instead of two-
dimensional models. To compare our results tof@ala Department of Water Resources’s
(1985) results, we added together the amount afdtab the Upper Alluvial and Canyon
Segments. The comparison of the results of thestwdies should be taken with a great deal of
caution, since we had to compare results for tvifer@int races of chinook salmon (fall-run
versus spring-run) and for sites in two differemtt®ons of stream (sites in both the Upper
Alluvial and Canyon Segments in this study versageain only the Canyon Segment in the

California Department of Water Resources (1985)ygtu
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As shown in Figures 38 to 40, the results from siigly predict substantially less habitat at low
flows and a peak amount of habitat at higher fltves the California Department of Water
Resources (1985) study. However, the differentedmn studies in the flow with the peak
amount of habitat varied by reach. The differerimesveen the results of the two studies can
primarily be attributed to the following: 1) thel@ornia Department of Water Resources (1985)
study used HSC generated only from use data, assedpo the criteria generated with logistic
regression in this study; 2) the California Depaminof Water Resources (1985) study did not
use cover or adjacent velocity criteria; and 3)uke of PHABSIM in the California Department
of Water Resources (1985) study, versus 2-D moglétirthis study. We conclude that the flow-
habitat results in the California Department of @d&esources (1985) study were biased
towards lower flows, since the HSC, generated @miy use data and without cover or adjacent
velocity criteria, were biased towards slower amallswer conditions. We attribute the
difference in magnitude of the results from thisdstversus California Department of Water
Resources (1985) primarily to the use of adjacefdoity criteria in this study. A fourth habitat
suitability index parameter will tend to resultawerall lower amounts of habitat, since the
combined suitability index is calculated as thedoict of the individual suitability indices. The
effects of adjacent velocity are most pronouncddwatflows, where a large proportion of the
channel has low adjacent velocities, and thus lawakility for this parameter.

CONCLUSION

The model developed in this study is predictiveffaws ranging from 50 to 900 cfs. The results
of this study can be used to evaluate 276 diffengdtograph management scenarios (each of the
23 simulation flows in each of the 12 rearing maehthFor example, increasing flows from 200
cfs to 300 cfs in October would result in an inseeaf 15.7% of habitat during this month for
spring-run Chinook salmon fry rearing in the Upp#uvial Segment. Based on the conceptual
model presented in the introduction, this incraagearing habitat could increase fry and
juvenile growth and survival, increasing rearingcass which could result in an increase in
spring-run Chinook salmon and steelhead/rainbout fpopulations. Evaluation of alternative
hydrograph management scenarios will also regheebnsideration of flow-habitat

relationships for Chinook salmon and steelheaddaintrout fry and juvenile rearing in the
Lower Alluvial Segment, which will be addressedhifuture report. We do not feel that there are
any significant limitations of the model, withinetltontext of the assumptions given in the
introduction and the overall capabilities of modafifabitat for aquatic organisms (Gore and
Nestler 1998, Hudson et al. 2003, Maughan and Bdr®®1). This study supported and
achieved the objective of producing models predcthe availability of physical habitat in the
Upper Alluvial and Canyon Segments of Clear Creelspring-run Chinook salmon and
steelhead/rainbow trout rearing over a range eastrflows. The results of this study are
intended to support or revise the flow recommerdatin the CVPIA AFRP (200 cfs for

October through June and 150 cfs or less fromthubugh September). The results of this study
suggest that the flow recommendations in the CVRERP during the spring-run Chinook
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Figure 38. Comparison of fall-run juvenile Chinook salmon flow-habitat relationship
from California Department of Water Resources (1985) and spring-run juvenile 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 39. Comparison of steelhead fry 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 40. Comparison of steelhead juvenile 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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salmon and steelhead/rainbow trout rearing periddotober-September (150-200 cfs) may not
be close to achieving maximum habitat availabdityl productivity for rearing spring-run
Chinook salmon and steelhead/rainbow trout in Claaek (50 to 64 % of maximum WUA).
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APPENDIX A
HABITAT MAPPING DATA
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Habitat distribution identified in the Clear Creek Upper Alluvial Segment

Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)
1 Main Channel Pool 3,737
2 Main Channel Run 155

2.1 Side Channel Riffle 182
3 Main Channel Riffle 350
4.1 Side Channel Pool 18
4 Main Channel Pool 1,050
6 Main Channel Riffle 637
7 Main Channel Pool 1,595
8 Main Channel Glide 464
8.1 Side Channel Glide 112
9 Main Channel Riffle 955
9.1 Side Channel Riffle 70
9.2 Side Channel Pool 81
10 Main Channel Run 77
11 Main Channel Riffle 498
12 Main Channel Run 744
14 Main Channel Riffle 458
15 Main Channel Run 281
16 Main Channel Pool 408
17 Main Channel Glide 257
18 Main Channel Pool 1,570
19 Main Channel Riffle 663
19.1 Side Channel Pool 67
19.2 Side Channel Run 49
19.3 Side Channel Riffle 49
20 Main Channel Pool 387
21 Main Channel Riffle 162
21.1 Side Channel Riffle 160
22 Main Channel Run 911
23 Main Channel Riffle 437
24 Main Channel Run 629
25 Main Channel Riffle 425
25.1 Side Channel Run 73
26 Main Channel Pool 809
27 Main Channel Riffle 1,616
27.1 Side Channel Run 81
27.2 Side Channel Riffle 56
28 Main Channel Run 954
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Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)

29 Main Channel Riffle 141
30 Main Channel Run 2,231
33 Main Channel Riffle 181
34 Main Channel Run 527
35 Main Channel Pool 1,515
36 Main Channel Run 1,479
36.1 Side Channel Run 136
37 Main Channel Pool 518
38 Main Channel Run 304
39 Main Channel Riffle 75
40 Main Channel Run 418
41 Main Channel Pool 314
42.1 Side Channel Riffle 41
42 Main Channel Pool 249
43 Main Channel Riffle 386
43.1 Side Channel Run 123
44 Main Channel Pool 1,115
45 Main Channel Riffle 287
46 Main Channel Run 1,410
47 Main Channel Riffle 1,913
48 Main Channel Run 2,185
51 Main Channel Riffle 330
52 Main Channel Run 731
53 Main Channel Riffle 510
54 Main Channel Pool 3,207
55 Main Channel Riffle 1,337
55A Main Channel Run 1,737
55B Main Channel Riffle 466
56.1 Side Channel Glide 329
56 Main Channel Run 1,285
57 Main Channel Pool 2,146
58 Main Channel Riffle 1,331
58.1 Side Channel Riffle 133
58.2 Side Channel Run 198
58.3 Side Channel Riffle 103
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Habitat distribution identified in the Clear Creek Canyon Segment

Subsegment#  Mesohabitat Unit #

Mesohabitat Type

Mesohabitat Unit Area (m?)
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Subsegment#  Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)

2 37 Main Channel Pool 1,119
2 38 Main Channel Pool 1,117
2 39 Main Channel Riffle 92
2 40 Main Channel Pool 936
2 41 Main Channel Pool 680
2 42 Main Channel Run 225
2 43 Main Channel Pool 1,308
2 44 Main Channel Riffle 221
2 45 Main Channel Run 637
2 46 Main Channel Riffle 129
2 47 Main Channel Pool 1,906
2 48 Main Channel Riffle 327
2 49 Main Channel Run 124
2 50 Main Channel Riffle 72
2 51 Main Channel Pool 354
2 52 Main Channel Run 504
2 53 Main Channel Pool 351
2 54 Main Channel Riffle 90
2 55 Main Channel Pool 126
2 56 Main Channel Pool 890
2 57 Main Channel Run 130
2 58 Main Channel Pool 840
2 59 Main Channel Riffle 302
2 60 Main Channel Cascade 96
2 61 Main Channel Pool 359
2 62 Main Channel Cascade 313
2 63 Main Channel Pool 1,541
2 63.1 Side Channel Run 120
2 65 Main Channel Pool 632
2 64 Main Channel Riffle 346
2 66 Main Channel Riffle 744
2 67 Main Channel Cascade 484
2 68 Main Channel Pool 402
2 69 Main Channel Run 756
2 70 Main Channel Pool 421
2 71 Main Channel Riffle 509
2 72 Main Channel Cascade 317
2 73 Main Channel Pool 1,234
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Subsegment#  Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)

2 74 Main Channel Riffle 144
2 75 Main Channel Cascade 635
2 76 Main Channel Pool 2,172
3 1 Main Channel Riffle 533
3 2 Main Channel Run 378
3 3 Main Channel Pool 1,382
3 4 Main Channel Cascade 268
3 5 Main Channel Riffle 396
3 6 Main Channel Run 277
3 7 Main Channel Pool 463
3 8 Main Channel Glide 203
3 9 Main Channel Run 256
3 10 Main Channel Riffle 161
3 11 Main Channel Pool 206
3 12 Main Channel Run 166
3 13 Main Channel Pool 856
3 14 Main Channel Riffle 358
3 15 Main Channel Run 170
3 17 Main Channel Run 150
3 16 Main Channel Riffle 235
3 18 Main Channel Pool 978
3 19 Main Channel Run 187
3 20 Main Channel Riffle 145
3 21 Main Channel Run 214
3 22 Main Channel Riffle 231
3 23 Main Channel Pool 1,941
3 24 Main Channel Run 801
3 25 Main Channel Glide 531
3 26 Main Channel Riffle 418
3 27 Main Channel Run 339
3 28 Main Channel Riffle 429
3 29 Main Channel Pool 520
3 30 Main Channel Run 321
3 31 Main Channel Pool 1,858
3 32 Main Channel Glide 244
3 33 Main Channel Cascade 700
3 34 Main Channel Run 431
3 35 Main Channel Glide 508
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Subsegment#  Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)
3 36 Main Channel Riffle 876
3 37 Main Channel Run 208
3 38 Main Channel Riffle 246
3 39 Main Channel Pool 578
3 40 Main Channel Riffle 286
3 41 Main Channel Run 454
3 42 Main Channel Cascade 918
3 43 Main Channel Pool 199
3 44 Main Channel Cascade 93
3 45 Main Channel Pool 158
3 46 Main Channel Cascade 133
3 47 Main Channel Pool 1,111
3 48 Main Channel Cascade 446
3 49 Main Channel Pool 697
3 50 Main Channel Cascade 403
3 51 Main Channel Pool 499
3 52 Main Channel Cascade 241
3 53 Main Channel Pool 273
3 54 Main Channel Cascade 120
3 55 Main Channel Pool 182
3 56 Main Channel Run 358
3 57 Main Channel Cascade 556
3 58 Main Channel Run 204
3 59 Main Channel Riffle 340
3 60 Main Channel Run 267
3 61 Main Channel Cascade 259
3 62 Main Channel Pool 311
3 63 Main Channel Cascade 98
3 64 Main Channel Pool 1,418
3 65 Main Channel Run 218
3 66 Main Channel Cascade 171
3 68 Main Channel Pool 2,308
3 67 Main Channel Run 429
3 69 Main Channel Cascade 383
3 70 Main Channel Run 300
3 71 Main Channel Pool 6,528
3 72 Main Channel Run 1,003
4 1 Main Channel Pool 1,093
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Subsegment #

Mesohabitat Unit #

Mesohabitat Type

Mesohabitat Unit Area (m?)
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Main Channel Run
Main Channel Pool

Main Channel Cascade

Main Channel Pool

Main Channel Cascade

Main Channel Pool

Main Channel Cascade

Main Channel Pool
Main Channel Riffle
Side Channel Riffle
Main Channel Pool

Main Channel Cascade

Main Channel Pool
Main Channel Pool

320
452
975
491
888
380
271
588
822
76
1,258
316
667
607
226
632
304
1,256
925
321
60
1,564
2,858
1,229
311
637
1,746
1,529
1,394
855
563
1,767
377
72
879
185
1,503
2,352

USFWS, SFWO, Restoration and Monitoring Program
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Subsegment#  Mesohabitat Unit # Mesohabitat Type Mesohabitat Unit Area (m?)
4 38 Main Channel Cascade 433
4 39 Main Channel Pool 654
4 40 Main Channel Run 318
4 41 Main Channel Pool 1,270
4 42 Main Channel Cascade 448
4 43 Main Channel Pool 3,636
4 44 Main Channel Riffle 767
4 45 Main Channel Run 2,914
4 46 Main Channel Riffle 905
4 47 Main Channel Run 338
4 48 Main Channel Riffle 263
4 49 Main Channel Pool 1,745
4 50 Main Channel Run 487
4 51 Main Channel Pool 5,261

USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

September 26, 2011
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APPENDIX B
STUDY SITE AND TRANSECT LOCATIONS

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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DOG GULCH STUDY SITE
¥ ' F I_,.- ’ n ¢ “' F

Scale: 1:1,294

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Roajrig Report
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UPPER CANYON STUDY SITE

o

ot

Scale: 1: 450

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Roajrig Report
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NARROWS STUDY SITE

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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KANAKA STUDY SITE

Scale: 1:1,02

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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>

ABOVE IGO STUDY SITE

E ot % L

Scale: 1: 90

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Roajrig Report
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UPPER PLACER EXTENSION STUDY SITE
y ¥ e Sl

Scale: 1: 717

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Roajrig Report
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APPENDIX C
PHABSIM WSEL CALIBRATION *

33 Units of flows are cfs. Units of Difference (nse@ed vs. pred WSELS) are feet.
USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Stage of Zero Flow Values

Study Site XS # 1 SZF (ft) XS # 2 SZF (ft)
Dog Guich 93.9 99.5
Upper Canyon 93.1 94.09
Narrows 93.4 93.4
Kanaka 87.7 87.7
Above Igo 95.2 95.2
Upper Placer Extension N/A 101.8
Calibration Methods and Parameters Used
Study Site XS#  Flow Range (cfs) Calibration Flows (cfs) Method Parameters
Dog Guich 1,2 50-900 120, 150, 200, 431, 779 IFG4 .- -
Upper Canyon 1 50-900 122, 202, 227, 433, 781 IFG4 ---
Upper Canyon 2 50-900 122, 202, 227, 438, 781 IFG4 ---
Narrows 1 50-150 86, 122, 162 IFG4 ---
Narrows 1 175-900 162, 432, 779 IFG4 ---
Narrows 2 50-150 86, 122, 162 IFG4 ---
Narrows 2 175-900 162, 437, 784 IFG4 ---
Kanaka 1.2 50-150 79, 86, 122, 162 IFG4 .-
Kanaka 1.2 175-900 162, 432, 784 IFG4 .-
Above Igo 1 50-275 91, 127, 207, 290 IFG4 ---
Above Igo 1 300-900 290, 441, 793 IFG4 ---
Above Igo 2 50-275 91, 127, 155, 207 IFG4 ---
Above Igo 2 300-900 207, 441, 793 IFG4 ---
Upper Place 2 50-200 91, 127, 155, 214 IFG4 .-
Extension
Upper Placer 2 225-900 214, 441, 793 IFG4
Extension

USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Dog Gulch Study Site

BETA %MEAN Calculated vs Givefi Discharge (%)
XS COEFF. ERROR 120 150 200 431 779
1 2.50 4.3 1.6 4.4 4.0 7.0 4.5
2 3.00 5.2 9.3 12.1 0.5 2.2 1.3
Upper Canyon Study Site
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 122 202 227 433 781
1 3.13 3.0 2.8 5.0 2.8 2.6 1.9
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 122 202 227 438 781
2 2.98 3.7 5.1 3.9 0.8 4.8 4.0

34 Given refers to flows from gage readings.

35 Units of Difference are feet.
USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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122

122

Difference® (measured vs. pred. WSELSs)

120 150 200 431 779
0.01 0.03 0.03 0.07 060.
0.05 0.08 0.00 0.02.01

Difference (measured vs. pred. WSELS)

202 227 433 781

0.02 0.05 0.03 0.03 030.

Difference (measured vs. pred. WSELS)

202 227 438 781

0.05 0.05 0.01 0.07.08



Narrows Study Site

BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 86 122 162
1 2.01 2.4 2.4 4.6 2.0
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 162 432 779
1 3.16 1.7 0.9 25 1.6
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 86 122 162
2 2.01 2.2 1.8 3.4 1.6
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 162 437 784
2 2.8 0.8 0.4 11 0.7
Kanaka Study Site
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 79 86 122 162
1 2.30 1.7 1.0 0.7 3.4 1.7
2 2.34 2.2 2.6 1.3 3.2 1.7
BETA %MEAN Calculated vs Given Discharge (%)
XS COEFF. ERROR 162 432 784
1 3.19 14 2.2 1.3 0.9
2 3.11 0.1 0.2 0.1 0.1

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Difference (measured vs. pred. WSELS)

86 122 162

0.03 0.07 0.04

Difference (measured vs. pred. WSELS)

162 432 779

0.01 0.04 0.03

Difference (measured vs. pred. WSELS)

86 122 162

0.02 0.06 0.03

Difference (measured vs. pred. WSELS)

162 437 784

0.01 0.02 0.02

Difference (measured vs. pred. WSELS)

79 86 122 162
0.01 0.01 0.04 0.03
0.03 0.01 0.04 0.02

Difference (measured vs. pred. WSELS)

162 432 784
0.01 0.03 0.02
0.00 0.00 0.00



BETA %MEAN

XS COEFF. ERROR

1 3.48 2.2

BETA %MEAN

XS COEFF. ERROR

2 3.45 1.9

BETA %MEAN

XS COEFF. ERROR

1 3.22 0.1

BETA %MEAN

XS COEFF. ERROR

2 2.90 0.2

BETA %MEAN

XS COEFF. ERROR

2 3.33 1.0

BETA %MEAN

XS COEFF. ERROR

2 2.55 2.1

Above Igo Study Site

Calculated vs Given Discharge (%)

91 127 207 290

1.2 3.3 2.4 2.0

Calculated vs Given Discharge (%)

91 127 155 207

1.7 4.0 1.6 0.6

Calculated vs Given Discharge (%)

290 441 793

0.9 0.2 0.1

Calculated vs Given Discharge (%)

207 441 793

0.1 0.3 0.2

Difference (measured vs. pred. WSELS)

91 127 207 290

0.01 0.01 0.03 0.02

Difference (measured vs. pred. WSELS)

91 127 155 207

0.00 0.01 0.03 0.01

Difference (measured vs. pred. WSELS)

290 441 793

0.00 0.00 0.00

Difference (measured vs. pred. WSELS)

207 441 793

0.00 0.00 0.02

Upper Placer Extension Study Site

Calculated vs Given Discharge (%)

91 127 155 214

1.8 0.3 0.9 11

Calculated vs Given Discharge (%)

214 441 793

13 3.2 1.9

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
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Difference (measured vs. pred. WSELS)

91 127 155 214

0.01 0.01 0.00 0.01

Difference (measured vs. pred. WSELS)

214 441 793

0.01 0.04 0.03



APPENDIX D
VELOCITY ADJUSTMENT FACTORS *

3 Units of discharge are cfs.

USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Dog Gulch

Velocity Adjustment Factors

Discharge Xsec 1 Xsec 2 Dog Gulch

50 0.48 0.43 -
100 0.73 0.69 S Sl
150 0.91 0.89 > 200
200 1.07 1.06 ST ..
250 1.20 1.22 S E
300 1.32 1.36 >3 19

=, 0.50
400 1.53 1.60 T oo | | | |
500 1.70 1.82 0 200 400 600 800 1000
600 1.86 2.02
700 1.99 2.20 Discharge (CfS)
800 2.12 2.37 T xSl = xs2
900 2.23 2.52

Upper Canyon
Velocity Adjustment Factors
Discharge Xsec 1 Xsec 2 Upper Canyon

50 0.52 0.94
100 0.67 1.00 2.00
150 0.77 1.01 [
200 0.86 1.03 E 1501
250 0.94 1.04 @
300 1.00 1.06 28 100/
400 1.12 1.09 >&
500 1.22 1.13 S osol
600 1.31 1.16 ©
700 1.40 1.20 >
750 1.44 1.21 0.00 / / / /
800 1.47 1.23 0 200 400 600 800 1000
900 1.55 1.26 Discharge (cfs)

—e— XSl —m—XxS2

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Narrows

Velocity Adjustment Factors Narrows
Discharge Xsec 1 Xsec 2
50 1.08 0.79 =
100 1.06 1.08 g
150 1.08 1.28 ®
200 0.90 0.42 =9
250 0.98 0.47 <8
300 1.05 0.52 =
400 1.18 0.60 %
500 1.29 0.67 >
600 1.39 0.73 0 200 400 600 800 1000
700 1.47 0.79 Discharge (cfs)
800 1.55 0.83 e xSl = xs2
900 1.63 0.88

Kanaka
Velocity Adjustment Factors Kanaka
Discharge Xsec 1 Xsec 2 6_; ]
50 0.93 0.84 = 6 o
< 5.5
100 1.42 1.32 £ 2]
150 1.77 1.66 @ 45-
200 2.41 2.22 T L L8
< g 3
250 2.79 2.55 5 3
300 3.14 2.85 3 23]
400 3.76 3.38 S 15
500 4.32 3.83 > il
600 4.84 4.24 0 : : : :
700 5.31 4.61 0 200 400 600 800 1000
800 5.75 4.96 Discharge (cfs)
900 6.17 5.28

—e—XS1 —m—XxS2

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Velocity Adjustment Factors

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

Xsec 1
0.53
0.67
0.78
0.87
0.94
1.41
1.56
1.69
1.80
1.90
1.99
2.07

Velocity Adjustment Factors

Xsec 2
0.42
0.76
1.06
1.34
1.59
1.82
2.24
2.63
2.99
3.32
3.64
3.95

Xsec 2
0.43
0.69
0.90
1.08
1.25
1.66
1.94
2.18
2.37
2.54
2.70
2.83

Upper Placer Extension

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

September 26, 2011
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Velocity Adjustment

Velocity Adjustment

Factor

Factor

Above Igo

Above Igo

0 200 400 600 800 1000
Discharge (cfs)
—+—XS1 —m—XS2
Upper Placer Extension
4
3.5 1
3
2.5 -
2
1.5
1 4
0.5
0 ‘ ‘ ‘ ‘
0O 200 400 600 800 1000

Discharge (cfs)

—&— XS]l —m—XxS2




APPENDIX E
BED TOPOGRAPHY OF STUDY SITES

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Dog Gulch Study Site

Bed Elevation

3353
3289
3246

31.82
.38
30.64
anxn
2877
2823
2870

2816

Scale: 1: 1,405
Units of Bed Elevation are meters.

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011
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Upper Canyon Study Site

Eed Elevation
.70
3135
3099
3064
3028
29.93
2958
2922
2587
28,51

2816

Scde: 1: 655
Units of Bed Elevation are meters.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
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Narrows Study Site

Bed Elewvation
3210
3 0
31
3061
3014
2962
2912
2862
2512
27 B3

2713

Scae 1. 372
Units of Bed Elevation are meters.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011
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Kanaka Study Site

Bed Elevation
3072
2908
2925
2851
777
2704
2630
25 56
24 52
2409

2335

Scae 1:1,091
Units of Bed Elevation are meters.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
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Above lgo Study Site

Eed Elevation
3261
32.01
31.42
3082
3022
2963
29.03
26.43
27 83
27 24

2664

Scde 1:1,109
Units of Bed Elevation are meters.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
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Upper Placer Extension Study Site

Bed Elevation
3533
34 49
3365

323

.4ar
313

30,50
2948
2862
2778
26.94

Scde 1:1,414
Units of Bed Elevation are meters.
USFWS, SFWO, Restoration and Monitoring Program

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011

107



APPENDIX F
COMPUTATIONAL MESHES OF STUDY SITES

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Dog Gulch Study Site

1: 1,373

Scale

Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report

USFWS, SFWO, Restoration and Monitoring Program
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Upper Canyon Study Site
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Scale: 1: 554
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Scde 1: 277

Narrows Study Site
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Kanaka Study Site

Scde 1: 970

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
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Abovelgo Study Site

Scale: 1: 984

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
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Upper Placer Extension Study Site

Scale: 1: 1,250

USFWS, SFWO, Rest
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011
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APPENDIX G
2-D WSEL CALIBRATION

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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Calibration Statistics

Site Name Cal Q (cfs) 9 Nodes within 0.1' Nodes QI Net Q SolA Max F

Dog Gulch 900 87% 11,844 0.30 0.008% <.000001 7.16
Upper Canyon 900 94% 4,936 0.30 0.16% .000002 2.07
Narrows 900 81% 13,673 0.34 0.20%  <.000001 1.32
Kanaka 900 80% 16,666 0.30 0.12%  <.000001 3.22
Above Igo 900 83% 12,533 0.30 0.06% .000009 1.10
Up. Placer Ext. 900 82% 23,590 0.30 0.07%  <.000001 6.09

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report
September 26, 2011
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XSEC

XSEC

XSEC

21LB
2 RB

XSEC

2
21LB
2 RB

USFWS, SFWO, Restoration and Monitoring Program

Dog Gulch Site

Difference (measured vs. pred. WSELSs, feet)

Br Multiplier Average Standard Deviation Maximum
1.0 0.03 0.03 0.08
Upper Canyon Site
Difference (measured vs. pred. WSELS, feet)
Br Multiplier Average Standard Deviation Maximum
1.3 0.04 0.02 0.06
Narrows Site
Difference (measured vs. pred. WSELSs, feet)
Br Multiplier Average Standard Deviation Maximum
0.3 0.22 0.06 0.27
0.3 0.01 0 0.01
0.3 0.18 0.02 0.20
Kanaka
Difference (measured vs. pred. WSELS, feet)
Br Multiplier Average Standard Deviation Maximum
0.3 0.10 0.03 0.13
0.3 0.10 0 0.10
0.3 0.08 0.02 0.10

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

September 26, 2011
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Above Igo Site

Difference (measured vs. pred. WSELSs, feet)

Average Standard Deviation Maximum

XSEC Br Multiplier
2 1.6

2 LB 1.6

2 RB 1.6

0.03 0.03 0.11
0.03 0.02 0.09
0.08 0.02 0.09

Upper Placer Extension Site

XSEC Br Multiplier

Difference (measured vs. pred. WSELSs, feet)

Average Standard Deviation Maximum

2 1.0

USFWS, SFWO, Restoration and Monitoring Program

0.03 0.02 0.06

Clear Creek (Whiskeytown Dam to Clear Creek RoaghriRg Report

September 26, 2011
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APPENDIX H
VELOCITY VALIDATION STATISTICS

Site Name Number of Correlation Between Measured and
Observations Simulated Ve ocities

Dog Gulch 93 0.73
Upper Canyon 92 0.71
Narrows 92 0.03
Kanaka 92 0.63
Abovelgo 99 0.85
Upper Placer Extension 9 0.72

Measured Ve ocities less than 3 ft/s

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

Site Name Number of Average  Standard Deviation ~ Maximum
Observations

Dog Gulch 77 0.50 0.54 3.81
Upper Canyon 47 0.88 0.83 2.98
Narrows 92 0.90 133 5.40
Kanaka 92 0.15 0.12 0.56
Abovelgo 99 0.27 0.23 1.08
Upper Placer Extension 79 0.60 0.61 2.27

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

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011
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Measured Velocities greater than 3 ft/s

Percent difference (measured vs. pred. velocities)

SiteName Number of Average Standard Deviation ~ Maximum
Observations

Dog Gulch 16 36% 33% 100%
Upper Canyon 45 23% 12% 44%
Narrows N/A N/A N/A N/A
Kanaka N/A N/A N/A N/A
Abovelgo N/A N/A N/A N/A
Upper Placer Extension 15 23% 19% 72%

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

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report
September 26, 2011
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Simulated Velocity (mss) .

Simulated Yelocity (més)

0.3
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20
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Dog Gulch Study Site
B etween TransectVelocities
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Weasured W elacity (mis)

Dog Gulch Study Site
All Validation Velocities

20

1.0 14
Measured Velocity (mds)

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report

September 26, 2011

122

2.0




Upper Canyon Site XS1, Q=227 cfs

1.50 1
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Simulated Velocity (m/fs)

Simulated Welocity (mes)

15

12

oA

06

0.3

]

18

12

08

0s

0.3

0o

Upper Placer Extension Study Site
Eetween Transect Velocities

heasured Yelocity (mfs)

USFWS, SFWO, Restoration and Monitoring Program
Clear Creek (Whiskeytown Dam to Clear Creek Road) Rearing Report

September 26, 2011

124

" w *
t t f t f
0o 03 06 049 1.2 14
Measured W elocity (m/s)
Upper Placer Extension Study Site
All Validation Velocities
. - ‘E! - . * -
.‘. L]
. t t t f t
oo 03 (s 049 172 15




Marrows Site XS1, Q=86 c¢fs
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Marrows Study Site
Between Transect Velocities
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Kanaka Site X881, Q=79 cfs
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APPENDIX |
SIMULATION STATISTICS
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Dog Gulch

Flow (cfs) Net Q Sal Max F
50 0.14% <.000001 122
75 0.10% .000001 1.36
100 0.04% <.000001 132
125 0.09% .000003 2.74
150 0.02% .000005 2.35
175 0.04% <.000001 171
200 0.70% <.000001 147
225 0.14% <.000001 4.12
250 0.06% <.000001 2.85
275 0.05% <.000001 2.25
300 0.04% <.000001 8.92
350 0.04% <.000001 255
400 0.01% <.000001 3.79
450 0.00% <.000001 2.72
500 0.01% <.000001 4.15
550 0.00% <.000001 4.60
600 0.02% .000002 7.17
650 0.02% <.000001 8.74
700 0.01% <.000001 5.03
750 0.02% .000007 4.78
800 0.01% <.000001 4.09
850 0.02% <.000001 7.68
900 0.04% <.000001 7.16
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Upper Canyon

Flow (cfs) Net Q Sal Max F
50 1.43% <.000001 0.90
75 0.95% .000008 1.19
100 0.71% .000005 1.03
125 0.57% .000004 1.00
150 0.48% .000005 0.97
175 0.40% .000006 1.02
200 0.53% .000003 1.03
225 0.47% .000004 1.13
250 0.42% .000007 0.98
275 0.26% .000002 1.10
300 0.24% .000007 127
350 0.20% .000001 1.32
400 0.18% .000006 1.75
450 0.16% .000002 2.05
500 0.14% .000008 1.43
550 0.13% .000002 1.46
600 0.12% .000002 1.72
650 0.11% .000004 1.48
700 0.15% <.000001 1.53
750 0.14% .000002 2.13
800 0.13% .000002 214
850 0.12% <.000001 211
900 0.16% .000002 2.07
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USFWS, SFWO, Restoration and Monitoring Program
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Narrows

Flow (cfs) Net Q Sal Max F
50 1.43% <.000001 8.32
75 0.95% <.000001 8.28
100 1.07% .000002 10.61
125 1.14% .000002 14.81
150 1.19% <.000001 32.74
175 0.80% <.000001 13.40
200 0.88% <.000001 26.76
225 0.16% <.000001 10.01
250 0.00% <.000001 4.99
275 0.00% <.000001 2.97
300 0.24% <.000001 157
350 0.40% <.000001 1.62
400 0.35% <.000001 1.95
450 0.47% <.000001 1.93
500 0.14% <.000001 1.29
550 0.00% <.000001 111
600 0.12% <.000001 1.07
650 0.22% <.000001 161
700 0.30% <.000001 2.39
750 0.38% <.000001 1.86
800 0.04% <.000001 291
850 0.08% <.000001 147
900 0.20% <.000001 132
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USFWS, SFWO, Restoration and Monitoring Program

Kanaka

Flow (cfs) Net Q Sal Max F
50 5.00% .000001 6.39
75 0.19% <.000001 0.57
100 0.11% <.000001 0.41
125 0.14% <.000001 0.57
150 0.10% <.000001 0.53
175 0.10% <.000001 0.90
200 0.09% < .000001 5 49
225 0.08% <.000001 1.07
250 0.07% <.000001 2.19
275 0.05% <.000001 2.49
300 0.05% <.000001 1.09
350 0.06% <.000001 0.86
400 0.09% <.000001 0.95
450 0.08% <.000001 1.15
500 0.07% <.000001 1.15
550 0.06% <.000001 1.82
600 0.12% <.000001 1.40
650 0.11% <.000001 1.31
700 0.06% <.000001 1.49
750 0.07% <.000001 1.90
800 0.09% <.000001 5.62
850 0.12% <.000001 3.87
900 0.12% <.000001 3.22
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USFWS, SFWO, Restoration and Monitoring Program
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Above lgo

Flow (cfs) Net Q Sal Max F
50 1.43% .000001 0.49
75 1.43% .000001 0.41
100 1.07% .000001 0.49
125 0.86% .000001 0.40
150 0.95% .000001 0.40
175 1.20% .000001 0.41
200 1.05% .000001 0.42
225 0.78% .000001 0.42
250 0.56% .000001 0.50
275 0.26% .000001 0.76
300 0.00% .000001 1.10
350 0.20% .000001 0.85
400 0.35% .000001 1.07
450 0.39% .000001 5.48
500 0.21% .000002 194
550 0.13% .000001 1.35
600 0.00% .000003 1.10
650 0.11% .000006 0.96
700 0.15% .000001 0.88
750 0.19% .000001 0.81
800 0.18% .000004 0.78
850 0.08% .000006 0.87
900 0.00% .000009 1.10
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Upper Placer Extension

Flow (cfs) Net Q Sal Max F
50 2.50% <.000001 253
75 0.95% <.000001 2.84
100 0.64% <.000001 2.05
125 0.29% <.000001 3.37
150 0.19% <.000001 3.39
175 0.20% <.000001 311
200 0.18% <.000001 2.88
225 0.17% <.000001 2.71
250 0.14% <.000001 2.80
275 0.10% <.000001 3.21
300 0.15% <.000001 4.75
350 0.31% <.000001 4.53
400 0.26% .000002 6.17
450 0.18% <.000001 7.29
500 0.11% <.000001 8.24
550 0.10% <.000001 6.86
600 0.02% <.000001 6.95
650 0.04% <.000001 10.50
700 0.01% <.000001 9.49
750 0.02% .000001 9.44
800 0.40% .000003 7.00
850 0.04% <.000001 6.42
900 0.04% <.000001 6.09
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APPENDIX J
HABITAT SUITABILITY CRITERIA
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Spring-run Chinook Salmon Fry Rearing

Water Velocity (ft/s) Sl Value  Water Depth (ft)  SIValue  Cover Sl Value
0.00 1.00 0 0.00 0 0.00
0.10 0.84 0.1 1.00 0.1 0.19
0.20 0.70 0.2 0.95 1 0.19
0.30 0.58 0.3 0.89 2 0.19
0.40 0.48 0.4 0.84 3 1.00
0.50 0.40 0.5 0.78 3.7 1.00
0.60 0.33 0.6 0.73 4 0.19
0.70 0.28 0.7 0.68 4.7 1.00
0.80 0.24 0.8 0.63 5 0.19
0.90 0.20 0.9 0.58 5.7 0.19
1.00 0.18 1 0.53 7 0.19
1.10 0.16 1.1 0.48 8 1.00
1.20 0.14 1.2 0.44 9 0.19
1.30 0.13 1.3 0.40 9.7 0.19
1.40 0.12 1.4 0.36 10 0.19
1.50 0.11 1.5 0.33 11 0.00
1.60 0.10 1.6 0.30 100 0.00
3.60 0.10 1.7 0.27
3.61 0.00 1.8 0.24
100 0.00 1.9 0.21

2 0.19
2.1 0.17
2.2 0.15
2.3 0.14
2.4 0.12
2.5 0.11
2.6 0.10
2.7 0.09
2.8 0.08
2.9 0.07

3 0.06
3.1 0.05
3.2 0.05
3.3 0.04
3.4 0.04
3.5 0.03
3.7 0.03
3.8 0.02

4 0.02
4.1 0.00
100 0.00
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Spring-run Chinook Salmon/Steel head/Rainbow Trout Juvenile Rearing

Water Water Adjacent
Velocity (ft/s) Sl Value Depth (ft) SlValue Cover Sl Value Velocity (ft/s) Sl Value
0.00 1.00 0.0 0.00 0 0.00 0.00 0.03
0.80 1.00 0.2 0.00 0.1 0.40 7.95 1.00
0.90 0.99 0.3 0.36 1 1.00 100 1.00
1.10 0.99 0.6 0.45 2 0.40
1.20 0.98 0.7 0.49 3 0.40
1.40 0.98 0.9 0.55 3.7 1.00
1.50 0.97 1.0 0.59 4 1.00
1.60 0.96 1.2 0.65 4.7 1.00
1.70 0.96 1.3 0.69 5 1.00
1.80 0.95 1.4 0.72 5.7 0.40
1.90 0.94 1.7 0.81 7 1.00
2.00 0.93 1.9 0.87 8 1.00
2.10 0.92 2.3 0.95 9 0.40
2.20 0.91 2.4 0.96 9.7 0.40
2.30 0.90 2.5 0.98 10 0.40
2.40 0.88 2.6 0.99 11 0.00
2.50 0.87 2.7 0.99 100 0.00
2.60 0.85 2.8 1.00
2.70 0.84 3.0 1.00
3.50 0.68 3.1 0.99
3.60 0.65 3.2 0.99
3.80 0.61 3.4 0.97
3.90 0.58 3.9 0.87
4.00 0.56 41 0.81
4.10 0.53 4.2 0.79
4.20 0.51 4.3 0.76
4.40 0.45 4.4 0.72
4.50 0.43 4.6 0.66
4.60 0.40 4.7 0.62
4.70 0.38 4.8 0.59
4.80 0.36 4.9 0.56
4.90 0.33 5.0 0.52
5.40 0.23 5.2 0.46
5.50 0.21 53 0.42
5.53 0.20 5.5 0.36
5.54 0.00 5.6 0.00
100 0.00 100 0.00
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Steelhead/Rainbow Trout Fry Rearing

Water Water Adjacent
Velocity (ft/s) Sl Value Depth (ft) SlValue Cover SlValue Velocity (ft/s) Sl Value
0.00 1.00 0 0.00 0 0.00 0.00 0.59
0.10 0.84 0.1 1.00 0.1 0.14 6.77 1.00
0.20 0.70 0.2 0.95 1 0.14 100 1.00
0.30 0.58 0.3 0.89 2 0.14
0.40 0.48 0.4 0.84 3 0.66
0.50 0.40 0.5 0.78 3.7 1.00
0.60 0.33 0.6 0.73 4 0.66
0.70 0.28 0.7 0.68 4.7 1.00
0.80 0.24 0.8 0.63 5 1.00
0.90 0.20 0.9 0.58 5.7 1.00
1.00 0.18 1 0.53 7 0.66
1.10 0.16 1.1 0.48 8 1.00
1.20 0.14 1.2 0.44 9 0.66
1.30 0.13 1.3 0.40 9.7 0.66
1.40 0.12 1.4 0.36 10 0.14
1.50 0.11 1.5 0.33 11 0.00
1.60 0.10 1.6 0.30 100 0.00
3.60 0.10 1.7 0.27
3.61 0.00 1.8 0.24
100 0.00 1.9 0.21
2.2 0.15
2.3 0.14
2.4 0.12
3.1 0.05
3.2 0.05
33 0.04
3.4 0.04
35 0.03
3.7 0.03
3.8 0.02
4 0.02
41 0.00
100 0.00
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APPENDIX K
HABITAT MODELING RESULTS
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Dog Gulch Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 3,990 2,318 2,266
73 3,919 2,456 2,968

100 4,198 2,497 3,570
125 4,364 2,535 4,111
150 4,363 2,524 4,581
175 4,417 2,495 5,017
200 4,026 2,185 5,363
225 4,787 2,513 5,618
250 4,829 6,405 6,004
275 4,861 2,563 7,179
300 4,927 2,611 6,229
350 4,929 2,613 6,529
400 4,858 2,640 6,771
450 4,977 2,632 6,943
500 5,312 2,735 7,081
550 5,540 2,890 7,178
600 5,807 3,042 7,266
650 5,867 3,180 17,730
700 5,995 3,273 7,274
750 6,018 3,368 7,255
800 5,393 2,970 7,329
850 5,383 3,033 7,297
900 5,409 3,007 7,300
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Spawning Site 4 WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 2,504 1,872 1,450
75 2,434 1,856 1,931
100 2,461 1,774 2,334
125 2,510 1,745 2,691
150 2,444 1,727 3,040
175 2,553 1,772 3,415
200 2,617 1,807 3,699
225 2,591 1,815 3,959
250 2,594 1,801 4,189
275 2,725 1,777 4,391
300 2,835 1,846 4,579
350 3,028 1,911 4,914
400 3,289 2,065 5,184
450 3,770 2,319 5,399
500 4,171 2,452 6,003
550 4,415 2,654 6,181
600 4,545 2,801 6,358
650 4,334 2,682 6,518
700 4,368 2,708 6,609
750 4,428 2,697 6,693
800 4,340 2,767 6,754
850 4,364 2,763 6,817
900 4,284 1,872 6,878
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Peltier Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 4,498 2,872 2,959
75 4,167 2,737 3,897
100 4,317 2,777 4,655
125 4,730 3,070 5,306
150 4,956 3,227 5,897
175 5,176 3,228 6,484
200 5,785 3,462 6,934
225 5,818 3,746 7,359
250 5,917 3,731 7,732
275 6,239 3,854 8,055
300 6,557 3,996 8,376
350 6,948 4,428 8,858
400 7,229 4,433 9,199
450 7,573 4,852 9,481
500 7,441 4,744 9,711
550 7,665 4,695 9,901
600 8,017 4,939 10,067
650 7,808 5,037 10,191
700 7,355 4,842 10,301
750 7,500 4,688 10,402
800 7,286 4,778 10,472
850 7,225 4,625 10,491
900 7,333 4,615 10,518
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Need Camp Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 2,986 1,853 1,802
[ 2,639 1,730 2,395

100 2,770 1,561 2,939
125 3,143 1,670 3,428
150 3,464 1,932 3,918
175 3,964 2,188 4,420
200 4,205 2,373 4,813
225 4,526 2,448 5,179
250 4,703 2,587 5,534
275 4,809 2,715 5,899
300 4,915 3,105 6,239
350 5,508 2,910 6,856
400 6,295 3,126 7,431
450 7,533 4,135 8,016
500 8,850 4,761 8,567
550 10,038 5,516 9,041
600 11,912 5,899 9,524
650 12,399 6,607 9,993
700 11,920 6,717 10,464
750 11,298 6,676 10,859
800 10,402 6,295 11,273
850 9,369 5,895 11,595
900 8,417 5,495 11,910
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Upper Canyon Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 451 324 523
[ 469 346 712
100 418 323 854
125 386 289 963
150 405 300 1,051
175 377 299 1,127
200 357 274 1,186
225 355 256 1,219
250 387 251 1,251
275 415 287 1,267
300 398 311 1,277
350 375 289 1,276
400 356 268 1,261
450 493 298 1,226
500 542 371 1,187
550 615 398 1,167
600 763 415 1,128
650 803 526 1,098
700 778 525 1,070
750 806 521 1,035
800 927 515 1,007
850 1,038 622 989
900 1,187 688 986
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Indian Rhubarb Site WUA (ft%)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 116 78 163
[ 119 76 212
100 117 71 256
125 116 75 294
150 113 68 326
175 122 71 358
200 133 83 382
225 136 84 403
250 129 82 403
275 125 84 433
300 119 76 443
350 114 77 449
400 117 79 449
450 113 78 443
500 104 75 431
550 102 68 416
600 108 68 401
650 116 72 382
700 130 80 358
750 156 91 328
800 158 104 296
850 143 106 276
900 117 81 256
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Narrows Site WUA (ft%)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 123 89 604
[ 133 95 587
100 145 110 523
125 155 116 457
150 167 119 408
175 212 134 383
200 212 154 378
225 211 151 368
250 231 150 356
275 242 168 338
300 258 174 322
350 269 187 306
400 257 181 301
450 238 171 291
500 229 159 291
550 238 159 292
600 215 153 293
650 203 141 295
700 211 139 297
750 200 141 305
800 182 130 313
850 165 123 319
900 152 111 324
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Kanaka Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 293 189 292
[ 382 254 155
100 374 252 168
125 374 241 178
150 400 250 187
175 385 251 199
200 380 244 209
225 390 244 220
250 395 249 228
275 392 251 236
300 392 249 245
350 405 254 262
400 405 258 280
450 394 256 297
500 408 258 315
550 410 269 332
600 386 262 352
650 399 255 374
700 393 264 393
750 398 259 410
800 386 263 428
850 375 260 441
900 372 251 452
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Above Igo Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 1,655 1,299 789
75 1,663 1,245 945
100 1,626 1,222 1,081
125 1,572 1,144 1,205
150 1,519 1,103 1,314
175 1,457 1,046 1,431
200 1,436 1,001 1,515
225 1,466 981 1,591
250 1,494 987 1,665
275 1,518 987 1,732
300 1,671 1,011 1,781
350 1,968 1,199 1,881
400 2,144 1,310 1,960
450 2,294 1,353 2,027
500 2,410 1,441 2,095
550 2,578 1,478 2,138
600 2,534 1,563 2,189
650 2,414 1,539 2,225
700 2,249 1,467 2,272
750 2,139 1,381 2,309
800 2,080 1,327 2,355
850 2,128 1,304 2,393
900 2,201 1,312 2,434
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Upper Placer Extension Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 2,246 1,251 1,793
73 2,362 1,330 2,338

100 2,455 1,395 2,802
125 2,456 1,438 3,213
150 2,527 1,448 3,577
175 2,540 1,493 3,939
200 2,566 1,495 4,210
225 2,610 1,525 4,454
250 2,911 1,644 4,663
275 3,268 1,772 4,878
300 3,722 2,032 5,090
350 3,969 2,338 5,470
400 4,073 2,414 5,749
450 4,140 2,471 5,953
500 4,152 2,499 6,115
550 4,081 2,482 6,232
600 4,133 2,443 6,303
650 4,235 2,528 6,356
700 4,366 2,605 6,380
750 4,435 2,672 6,362
800 4,526 2,746 6,301
850 4,937 3,079 6,209
900 5,076 3,108 6,214
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Lower Placer Site WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 165 88 318
73 141 93 399
100 121 83 461
125 122 78 509
150 114 79 551
175 109 76 591
200 118 73 619
225 117 82 656
250 111 79 684
275 144 74 707
300 188 88 711
350 183 133 708
400 160 117 695
450 196 107 683
500 226 146 672
550 244 129 678
600 288 171 683
650 278 165 683
700 255 151 662
750 263 160 657
800 239 156 621
850 221 134 611
900 235 125 602
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Upper Alluvial Segment WUA (ft%)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 111,496 69,405 41,405
[ 105,592 68,867 54,279
100 107,039 67,107 65,641
125 112,173 70,706 76,214
150 114,039 72,571 86,324
175 118,857 73,787 96,403
200 121,064 73,936 104,687
225 129,437 81,008 111,553
250 131,840 81,542 119,125
275 136,603 83,088 124,187
300 140,071 87,584 130,221
350 144,634 88,916 141,343
400 146,540 88,073 152,816
450 155,367 94,518 163,383
500 161,976 96,337 174,861
550 173,547 101,880 183,485
600 188,689 108,040 190,954
650 188,431 112,254 197,707
700 181,605 112,639 203,598
750 179,584 111,018 208,808
800 169,701 107,855 214,871
850 164,082 104,947 218,808
900 157,886 102,170 222,601
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Canyon Segment WUA (ft?)

Spring-run Chinook  Steelhead/Rainbow Spring-run Chinook Salmon/

Flow (cfs) Salmon Fry Trout Fry Steelhead/Rainbow Trout Juvenile
S0 66,475 44,378 54,914
[ 68,700 45,607 67,067
100 67,915 45,096 78,942
125 66,400 43,888 89,087
150 66,973 43,499 97,980
175 65,761 43,120 106,763
200 65,873 42,101 113,358
225 67,663 42,180 119,145
250 71,629 43,741 123,982
275 77,850 45,863 128,942
300 86,557 50,188 132,951
350 93,609 57,337 139,729
400 96,938 59,321 144,433
450 102,656 61,180 147,453
500 106,005 64,624 149,726
550 109,174 65,393 151,456
600 112,289 66,998 152,296
650 113,402 69,604 152,743
700 112,727 69,955 152,587
750 112,707 69,885 151,682
800 114,554 70,116 149,932
850 121,330 75,246 148,278
900 126,192 76,214 148,226
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