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PREFACE

The following is the final report for the U. S. Riand Wildlife Service’s investigations on
anadromous salmonid spawning habitat in Clear Cioe¢ékeen Clear Creek Road and the
Sacramento River. These investigations are paheo€Central Valley Project Improvement Act
(CVPIA) Instream Flow Investigations, an effort whibegan in October, 2001 Title 34,
Section 3406(b)(1)(B) of the CVPIA, P.L. 102-57&quires the Secretary of the Interior to
determine instream flow needs for anadromous bslall Central Valley Project controlled
streams and rivers, based on recommendations &f.tBe Fish and Wildlife Service after
consultation with the California Department of Fesid Game (CDFG). The purpose of these
investigations is to provide scientific data to theS. Fish and Wildlife Service Central Valley
Project Improvement Act Program to assist in dgvelp such recommendations for Central
Valley rivers.

Written comments or information can be 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 effaf$p titled the Central Valley Project
Improvement Act Flow Investigations, which ran frémbruary 1995 through September 2001.
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ABSTRACT

Flow-habitat relationships were derived for falkrGhinook salmon and steelhead/rainbow trout
spawning in Clear Creek between Clear Creek RoatyBrand the Sacramento River. A 2-
dimensional hydraulic and habitat model (RIVER2Esvwused for this study to model available
habitat. Habitat was modeled for five sites inltbaer Alluvial segment, which were among
those which received the heaviest use by spawaihguin Chinook salmon. Bed topography
was collected for these sites using a total statidaditional data were collected to develop
stage-discharge relationships at the upstream anwdstream end of the sites as an input to
RIVER2D. Velocities measured in the site were usedhlidate the velocity predictions of
RIVER2D. The raw topography data were refined éfyring breaklines going up the channel
along features such as thalwegs, tops of bars attans of banks. A finite element
computational mesh was then developed to be us&\ER2D for hydraulic calculations.
RIVER2D hydraulic data were calibrated by adjustaegl roughnesses until simulated water
surface elevations matched measured water surkacatiens. The calibrated files for each site
were used in RIVER2D to simulate hydraulic chanasties for 23 simulation flows. Fall-run
Chinook salmon habitat suitability criteria (HSCene developed from depth, velocity and
substrate measurements collected on 442 fall-runddk salmon redds. The horizontal location
of a subset of the fall-run Chinook salmon reddsated in the five study sites, was measured
with a total station to use in biological validatiof the habitat models. Logistic regression,
along with a technique to adjust spawning depthtaiabtilization curves to account for low
availability of deep waters with suitable velocstiend substrates (Gard 1998), was used to
develop the depth HSC, while the velocity HSC waeeeloped solely from the habitat use data.
Substrate HSC were developed based on the refatigeency of redds with different substrate
codes. Biological validation was accomplisheddstihg, with a Mann-Whitney U test, whether
the combined suitability predicted by RIVER2D wagher at redd locations versus at locations
where redds were absent. The steelhead/rainbaavii®C used in this study were those
developed in a previous study of the Upper Alluaat Canyon segments (U.S. Fish and
Wildlife Service 2007). No biological validationas performed for the steelhead/rainbow trout
in the Lower Alluvial segment. The optimum depth fall-run Chinook salmon was 1.10 feet
(0.34 m), while optimum velocities were 1.83 to7Lf8s (0.56 to 0.60 m/s) and optimum
substrate was 1 to 3 inches (2.5 to 7.5 cm). Tdve With the maximum habitat was 300 cfs for
both fall-run Chinook salmon and steelhead/rainbrourt.
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INTRODUCTION

In response to substantial declines in anadronmishgbpulations, the Central Valley Project
Improvement Act provided for enactment of all rezsule efforts to double sustainable natural
production of anadromous fish stocks includingfthe races of Chinook salmon (fall, late-fall,
winter, and spring runs), steelhead, white andrgst@rgeon, 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 Restoration Plan calls for a reldes®a Whiskeytown Dam of 200 cfs from
October through June and a release of 150 cfssiftem July through September (U. S. Fish
and Wildlife Service 2001) as a high priority actim restore anadromous fish populations in
Clear Creek.

The Clear Creek study is a 7-year effort, the goaishich are to determine the relationship
between stream flow and physical habitat availighitir all life stages of Chinook salmon (fall-
and spring-run) and steelhead/rainbow trout. GRraek was selected for study because of a
number of factors, including the presence of listedatened or endangered species, the number
of target species or races, and whether curretrtears flows were inadequate. There are four
phases to this study based on the life stages stubléeed and the number of segments delineated
for Clear Creek from downstream of Whiskeytown Resi to the confluence with the
Sacramento Rivér Spawning habitat study sites for the third phafae study were selected

that encompassed the Lower Alluvial segment ottieek, excluding a 2-mile restoration reach
(U.S. Fish and Wildlife Service 2005). The goatlu study was to produce models predicting
the availability of physical habitat in Clear Crdetween Clear Creek Road and the Sacramento
River, excluding the 2-mile restoration reach,fedl-run Chinook salmon and steelhead/rainbow
trout spawning over a range of stream flows thattie the extent feasible, the levels of
accuracy specified in the methods section. ThHestasd their associated objectives are given in
Table 1.

To develop a flow regime which will accommodate liaditat needs of anadromous species
inhabiting streams it is necessary to determinedtaionship between streamflow and habitat
availability for each life stage of those speci®ge are using the models and techniques
contained within the Instream Flow Incremental Mekblogy (IFIM) to establish these
relationships. The IFIM is a habitat-based tooladeped by the U.S. Fish and Wildlife Service

2 There are three segments: the Upper Alluviairssd, 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.
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Table 1. Study tasks and associated objectives.

Task

Objective

study segment selection

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

biological verification data collection

habitat suitability criteria development

biological verification

habitat simulation

determine the number and aerial extent of study segments

select study sites which receive heavy spawning use by spring
and fall-run Chinook salmon and steelhead/rainbow trout

delineate the upstream and downstream boundaries of the study
sites, coinciding with the boundaries of the heavy spawning use
areas

collect the data necessary to: 1) develop stage-discharge
relationships at the upstream and downstream boundaries of the
site; 2) develop the site topography and substrate distribution; and
3) validate 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 and substrate data for spring and fall-run
Chinook salmon and steelhead/rainbow trout redds to be used in
developing habitat suitability criteria (HSC)

record the horizontal location of redds within the study sites to use
in the biological verification of the habitat models of the study sites

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

determine if the combined suitability of locations with redds had
higher suitability that those of unoccupied locations

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

(Service) to assess instream flow problems (Bo@&6)L The decision variable generated by the
IFIM is total habitat for each life stage (fry, gnile and spawning) of each evaluation species (or
race as applied to Chinook salmon). Habitat inoafes both macro- and microhabitat features.
Macrohabitat features, with a spatial scale ofdl@G0 km, include longitudinal changes in
channel characteristics, base flow, water quadity] water temperature. Microhabitat features,
with a spatial scale of 1 to 5 m, include the hyticaand structural conditions (depth, velocity,
substrate or cover) which define the actual livspgce of the organisms. The total habitat
available to a species/life stage at any streamioiive area of overlap between available
microhabitat and suitable macrohabitat conditions.
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Conceptual models are essential for establishiaegrdtical or commonly-accepted frameworks,
upon which data collection and scientific testiag @e interpreted meaningfully. A conceptual
model of the link between spawning habitat and pedmn change (Figure 1) may be described
as follows (Bartholow 1996, Bartholow et al. 1998]liamson et al. 1993). Changes in flows
result in changes in water depths and velocitidsese changes, in turn, along with the
distribution of substrate, alter the amount of katkarea available for adult spawning for
anadromous salmonids. Changes in the amount @bhédr adult spawning could affect
reproductive success through the use of habitdifigirent suitability or alterations in the amount
of redd superimposition. These alterations inadpctive success could ultimately result in
changes in salmonid populations.

There are a variety of techniques available to tifiyae functional relationship between flow
and spawning habitat availability, but they carbbeken down into three general categories:

1) habitat modeling; 2) biological response cotrefes; and 3) demonstration flow assessment
(Annear et al. 2002). Biological response coriefest can be used to evaluate spawning habitat
by examining the degree of redd superpositionfégrént flows (Snider et al. 1996).
Disadvantages of this approach are: 1) difficuitgeparating out effects of flows from year to
year variation in escapement and other factorth@peed for many years of data; 3) the need for
intermediate levels of spawning — at low spawn@gls, there will not be any redd
superposition even at low habitat levels, whilaigh spawning levels, the amount of
superposition cannot be determined because indil/réddlds can no longer be identified; 4) the
need to assume a linear relationship between sogiign and flow between each observed
flow; and 5) the inability to extrapolate beyone ttbserved range of flows. Demonstration flow
assessments (CIFGS 2003) use direct observatioveofhabitat conditions at several flows; at
each flow, polygons of habitat are delineated enfteld. Disadvantages of this approach are:

1) the need to have binary habitat suitabilityesié; 2) limitations in the accuracy of delineation
of the polygons; 3) the need to assume a lineatioalship between habitat and flow between
each observed flow; and 4) the inability to extlapmbeyond the observed range of flows (Gard
2009a). Based on the above discussion, we coratlindé habitat modeling was the best
technique for evaluating anadromous salmonid spayvnabitat in Clear Creek. Modeling
approaches are widely used to assess the effeictstiifam flows on fish habitat availability
despite potential assumption, sampling, and measmeerrors that, as in the other methods
described above, can contribute to the uncertaihtgsults.

The results of this study are intended to supporéwase the flow recommendations above.
The range of Clear Creek flows to be evaluatedrfanagement generally falls within the
range of 50 cfs (the minimum required release fWimskeytown Dam) to 900 cfs (75%

of the outlet capacity of the controlled flow rededrom Whiskeytown Dam).

Accordingly, the range of study flows encompaskesange of flows to be evaluated for
management. The assumptions of this study ar¢éhalphysical habitat is the limiting
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Figure 1. Conceptual model of the linkage between flow and salmonid populations.
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factor for salmonid populations in Clear Creekttgt spawning habitat quality can be
characterized by depth, velocity and substratéh&)the depths and velocities present during
habitat suitability index (HSI) data collection wehe same as when the redds were constructed,;
4) that the five study sites are representativ@naidromous salmonid spawning habitat in Clear
Creek between Clear Creek Road and the Sacramergn Bxcluding the 2-mile restoration
reach; 5) that the selected unoccupied locatioms vepresentative for the Lower Alluvial
segment, excluding the 2-mile restoration reaahtHe entire 3 year period for all the spawning
data that were collected; and 6) that theoretigahtions of physical processes along with a
description of stream bathymetry provide sufficigmut to simulate velocity distributions

through a study site.

METHODS
Approach

A two-dimensional model, River2D Version 0.93 Nousn11, 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) component of
IFIM. River2D inputs include the bed topographyl d®d roughness, and the water surface
elevation at the downstream end of the site. Theumt of habitat present in the site is
computed using the depths and velocities prediayediver2D, and the substrate and cover
present in the site. River2D avoids problemsarigect placement, since data are collected
uniformly across the entire site (Gard 2009b). &rD also has the potential to model depths
and velocities over a range of flows more accuydtein would PHABSIM because River2D
takes into account upstream and downstream bedtaploy and bed roughness, and explicitly
uses mechanistic processes (conservation of mdswamentum), rather than Manniag
Equation and a velocity adjustment factor (Lecktral. 1995). Other advantages of River2D are
that it can explicitly handle complex hydraulias¢luding transverse flows, across-channel
variation in water surface elevations, and flowtcactions/expansions (Ghanem et al. 1996,
Crowder and Diplas 2000, Pasternack et al. 2004h ¥ppropriate bathymetry data, the model
scale is small enough to correspond to the scale@bhabitat use data with depths and
velocities produced on a continuous basis, ratieer in discrete cells. River2D, with compact
cells, should be more accurate than PHABSIM, wotiglrectangular cells, in capturing
longitudinal variation in depth, velocity and subst. River2D should do a better job of
representing patchy microhabitat features, sudrasel patches. The data for two-dimensional

® PHABSIM is the collection of one dimensional hyalia and habitat models which are
used to predict the relationship between physiablthat availability and streamflow over a range
of river discharges.
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modeling can be collected with a stratified sangpboheme, with higher intensity sampling in
areas with more complex or more quickly varyingnoi@bitat features, and lower intensity
sampling in areas with uniformly varying bed topaggny and uniform substrate. Bed
topography and substrate mapping data can be tadlet a very low flow, with the only data
needed at high flow being water surface elevatairiee up- and downstream ends of the site
and flow, and edge velocities for validation pumgms In addition, alternative habitat suitability
criteria, such as measures of habitat diversity,b=used.

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, Gewmt 000, Guay et al. 2000, Tiffan et al.
2002, McHugh and Budy 2004) that logistic regressiare appropriate for developing habitat
suitability criteria. For example, McHugh and Bu@p04) 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. Traditionally criterare created from observations of fish use by
fitting a nonlinear function to the frequency obitat use for each variable (depth, velocity, and
substrate). One concern with this technique ieffext of availability of habitat on the observed
frequency of habitat use. For example, if a salstsize is relatively rare in a stream, fish will

be found primarily not using that substrate sirepdy because of the rarity of that substrate size,
rather than because they are selecting areas witatusubstrate size. Guay et al. (2000)
proposed a modification of the above technique w/lepth, velocity, and substrate data are
collected both in locations where redds are presedtin locations where redds are absent, and a
logistic regression is used to develop the criteria

Sudy Segment Delineation

Study segments were delineated within the studshre&Clear Creek (Figure 2), based on
hydrology and other factors.
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Figure 2. Clear Creek stream segments and spawning study sites.
Field Reconnaissance and Study Ste Selection

Fall-run Chinook salmon redd count data from 2000582and steelhead/rainbow trout redd
count data from 2002-2006 collected by the Sersi€&d Bluff Fish and Wildlife Office were
used to select study sites. These sites were athosg that received heaviest use by spawning
fall-run Chinook salmon and steelhead/rainbow trdatMay 2006, we conducted a
reconnaissance of the selected study sites indteLAlluvial study segment to determine their
viability as study sites. Each site was evaludi@sed on morphological and channel
characteristics which facilitate the developmentetiible hydraulic models. Also noted were
riverbank and floodplain characteristics (e.g.eptéeavily vegetated berms or gradually sloping
cobble benches) which might affect our ability tdlect the necessary data to build these
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models. For sites selected for modeling, the lamaws along both riverbanks were identified
and temporary entry permits were sent, accompdiedcover letter, to acquire permission for
entry onto their property during the course ofshedy.

Transect Placement (study site setup)

The study sites were established in July and Aug@86. The study site boundaries (upstream
and downstream) were generally selected to coingittethe upstream and downstream ends of
the heavy spawning use areas. A PHABSIM transastplaced at the upstream and
downstream end of each study site. The downstremmsect was modeled with PHABSIM to
provide water surface elevations as an input t@tBbemodel. The upstream transect was used
in calibrating the 2-D model - bed roughnessesdpested until the water surface elevation at
the top of the site matches the water surface etevpredicted by PHABSIM. Transect pins
(headpins and tailpins) were marked on each rigaklabove the 900 cfs water surface level
using rebar driven into the ground and/or lag bpliésed in tree trunks. Survey flagging was
used to mark the locations of each pin.

Hydraulic and Structural Data Collection

Vertical benchmarks were established at eachsierive as the vertical elevations to which all
elevations (streambed and water surface) wereergfed. Vertical benchmarks were tied
together, using differential leveling, to achieviewel loop accuracy (ft) of at least 0.05 x (level
loop distance [mi]}>. Vertical benchmarks consisted of lag bolts driirego trees and fence
posts or painted bedrock points. In addition, zumtal benchmarks (rebar driven into the
ground) were established at each site to serveedsdrizontal locations to which all horizontal
locations (northings and eastings) were referenddu: precise northing and easting coordinates
and vertical elevations of two horizontal benchrsaslere established for each site using survey-
grade RTK GPS. The elevations of these benchnmeeks tied into the vertical benchmarks on
our sites using differential leveling.

Hydraulic and structural data collection began urgst 2006 and was completed in December
2007. The data collected on the upstream and dosams transect included: 1) water surface
elevations (WSELSs), measured to the nearest 0@1(@003 m) at a minimum of three
significantly different stream discharges usingndead surveying techniques (differential
leveling); 2) wetted streambed elevations deterthimesubtracting the measured depth from the
surveyed WSEL at a measured flow; 3) dry groundatiens to points above bank-full discharge
surveyed to the nearest 0.1 foot (0.031 m); 4) mester column velocities measured at a mid-
to-high-range flow at the points where bed elevetiovere taken; and 5) substrate and cover
classification (Tables 2 and 3) at these sameitwtafind also where dry ground elevations were
surveyed. In between these transects, the follpwata were collected: 1) bed elevation;
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Table 2. Substrate codes, descriptors and particle sizes.

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

1 Small Gravel 0.1-1(0.25-2.5cm)
1.2 Medium Gravel 1-2(2.5-5cm)
1.3 Medium/Large Gravel 1-3(.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)

2) horizontal location (northing and easting, rekato horizontal benchmarks); 3) substrate; and
4) cover. These parameters were collected at énpoigts to characterize the bed topography,
substrate and cover of the site.

Water surface elevations were measured along lastksband, when possible, in the middle of
each transect. The water surface elevations atteaesect were then derived by averaging the
two-three values, except when the difference inatlen exceeded 0.1 foot (0.031 m). When the
difference in water surface elevation betweendatft right banks exceeded 0.1 foot (0.031 m),
the water surface elevation for the side of therrthat was considered most representative was
used. Starting at the water’s edge, water depttis/alocities were made at measured intervals
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Table 3. 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

using a wading rod and Marsh-McBirffayiodel 2000 or Price AA velocity meter. The dist@n
intervals of each depth and velocity measurememt the headpin or tailpin were measured

using a hand held laser range firfdemeasuring tape.

We collected the data between the upstream andstozam transects by obtaining the bed
elevation and horizontal location of individual pta with a total station, while the cover and
substrate were visually assessed at each goyrdne observer based on the visually-estimated
average of multiple grains. Topography data, idiclg substrate and cover data, were also

* The stations for the dry ground elevation measereswere also measured using the

hand held laser range finder or measuring tape.
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collected for a minimum of a half-channel width trpam of the upstream transect to improve
the accuracy of the flow distribution at the upatneend of the sites. All substrate and cover data
on the transects were assessed by one observerdrasige visually-estimated average of

multiple grains. At each change in substrate gliass or cover type, the distance from the
headpin or tailpin was measured using a hand skt Irange finder or measuring tape.

To validate the velocities predicted by the 2-D elpdepth, velocities, substrate and cover
measurements were collected by wading with a wadidgequipped with a Marsh-McBirnéy
model 2000 or a Price AA velocity meter. Thesedadlon velocities and the velocities
measured on the transects described previously eedexted at 0.6 of the depth for 20 seconds.
The horizontal locations and bed elevations weterded by sighting from the total station to a
stadia rod and prism held at each point where depdhvelocity were measured. A minimum of
50 representative points were measured per site.

For sites where there was a gradual gradient chiarthe vicinity of the downstream transect,
there could be a point in the thalweg a short wayrdstream of the site that was higher than that
measured at the downstream transect thalweg sidyglyo natural variation in topography
(Figure 3). This stage of zero flow downstreanthef site acts as a control on the water surface
elevations at the downstream transect, and couiskecarrors in the WSELs. Because the true
stage of zero flow is needed to accurately calkbtia¢ water surface elevations on the
downstream transect, this stage of zero flow inthiadveg downstream of the downstream
transect was surveyed in using differential leglitf the true stage of zero flow was not
measured as described above, the default stagegmflaw would be the thalweg elevation at the
transect.

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

The upstream and downstream transects were mogélethe PHABSIM component of IFIM

to provide water surface elevations as an inpthiéd-D hydraulic and habitat model (River2D,
Steffler and Blackburn 2002) used in this study. cBlibrating the upstream and downstream
transects with PHABSIM using the collected calilmatwater surface elevations (WSELS), we
were able to predict the WSELSs for these trandecthe various simulation flows that were to
be modeled using River2D. We calibrated the RiRem®dels using the highest simulation
flow. The highest simulation WSELSs predicted byAB$IM for the upstream and downstream
transects were used for the upstream boundary ttamdin addition to flow) and the
downstream boundary condition. The PHABSIM-presticéVSEL for the upstream transect at
the highest simulation flow was used to ascertalibation of the River2D model at the highest
simulation flow. After the River2D model was calibed at the highest simulation flow, the
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Stage of Zero Flow
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Transect

Direction of Flow

Figure 3. Stage of zero flow diagram.

WSELSs predicted by PHABSIM for the downstream teantigor each simulation flow were used
as an input for the downstream boundary conditwrRiver2D model production files for the
simulation flows. The following describes the PH&IBI WSEL calibration process for the
upstream and downstream transects.

All data were compiled and checked before entry PIHABSIM data files. A table of substrate
ranges/values was created to determine the subftratach vertical/cell (e.g, if the substrate
size class was 2-4 inches (5 to 10 cm) on a tramsen station 50 to 70, all of the verticals with
station values between 50 and 70 were given arstibésioding of 2.4). Dry bed elevation data
in field notebooks were entered into the spreaddbesxtend the bed profile up the banks above
the WSEL of the highest flow to be modeled. An AIS{: produced from the spreadsheet was
run through the FLOMANN program (written by Andy tddton, U.S. Fish and Wildlife

Service, 1998) to get the PHABSIM input file andrtranslated into RHABSIRfiles. A
separate PHABSIM file was constructed for eachystii@. All of the measured WSELS were
checked to make sure that water was not flowinglluphihe slope for each transect was
computed at each measured flow as the differen@¢SE&Ls between the two transects divided
by the distance between the two. The slope ugeekith transect was calculated by averaging
the slopes computed for each flow. A total of foufive WSEL sets at low, medium, and high
flows were used. If WSELs were available for salelosely spaced flows, the WSEL that

® RHABSIM is a commercially produced software (Pagne Associates 1998) that
incorporates the modeling procedures used in PHABSI
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corresponded with the velocity set or the WSELexild at the lowest flow was used in the
PHABSIM data files. Calibration flows in the ddil@s were the flows calculated from gage
readings. The stage of zero flow (SZF), an impurn@rameter used in calibrating the stage-
discharge relationship, was determined for eastséet and entered. In habitat types without
backwater effects (e.qg., riffles and runs), thikigagenerally represents the lowest point in the
streambed across a transect. However, if a tradgectly upstream contains a lower bed
elevation than the adjacent downstream transexS##F for the downstream transect applies to
both. In some cases, datdlected in between the transects showed a hithaéreg 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 acledeck to
compare predicted and measured WSELs. This maddupes a stage-discharge relationship
using a log-log linear rating curve calculated frateast three sets of measurements taken at
different flows. Besided-G4, two other hydraulic models are available in PHAB$o predict
stage-discharge relationships. These modelsBBtANSQ, which operates under the
assumption that the condition of the channel aechtiture of the streambed controls WSELS;
and 2)WSP, the water surface profile model, which calculdtesenergy loss between transects
to determine WSELSMANSQ), like IFG4, evaluates each transect independen¥$P must, by
nature, link at least two adjacent transects.

IFG4, the most versatile of these models, is considerdcve worked well if the following
criteria are met: 1) the beta value (a measutkeo€hange in channel roughness with changes in
streamflow) is between 2.0 and 4.5; 2) the meaor @énrcalculated versus given discharges is
less than 10%; 3) there is no more than a 25%rdiffee for any calculated versus given
discharge; and 4) there is no more than a 0.1(6681 m) difference between measured and
simulated WSEL%S MANSQ is considered to have worked well if the secomdugh fourth of
the above criteria are met, and if the beta varampeter used BMANSQ is within the range of
0 to 0.5. The firstFG4 criterion is not applicable tIANSQ. WSP is considered to have
worked well if the following criteria are met: tt)e Manning's n value used falls within the
range of 0.04 - 0.07; 2) there is a negative lagridationship between the reach multiplier and
flow; and 3) there is no more than a 0.1 foot (0.68 difference between measured and
simulated WSELs. The first thréEG4 criteria are not applicable WSP.

® The first three criteria are from U.S. Fish anddlife Service (1994), while the fourth
criterion is our own criterion.
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Velocity Adjustment Factors (VAFs) were examineddd of the simulated flows as a potential
indicator of problems with the stage-dischargeti@haship. The acceptable range of VAF values
is 0.2 to 5.0 and the expected pattern for VARsmsonotonic increase with an increase in flows.

RIVER2D Model Construction

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

at the upsteam transect and within the study site.

The bed files contain the horizontal location (horg) and easting), bed elevation and initial bed
roughness value for each point, while the substil@tecontain the horizontal location, bed
elevation and substrate code for each point. iii@libed roughness value for each point was
determined from the substrate and cover codeh&bmtoint and the corresponding bed
roughness values in Table 4, with the bed roughwase for each point computed as the sum of
the substrate bed roughness value and the covepbglness value for the point. The resulting
initial bed roughness value for each point wasedtoee a combined matrix of the substrate and
cover roughness values. The bed roughness valusslistrate in Table 4 were computed as
five times the average particle siz&lhe bed roughness values for cover in Table e we
computed as five times the average cover size,enhercover size was measured on the
Sacramento River on a representative sample of @ements of each cover type. The bed and
substrate files were exported from the spreadsteASCI files.

A utility program, R2D_BED (Steffler 2002), was ds® define the study area boundary and to
refine the raw topographical data TIN (triangulaiteegular network) by defining breaklirfes
following longitudinal features such as thalweggst of bars and bottoms of banks. The first
step in refining the TIN was to conduct a qualggarance/quality control process, consisting of
a point-by-point inspection to eliminate quantitaty wrong points, and a qualitative process

’ 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).

8 Breaklines are a feature of the R2D_Bed progranciwtorce the TIN of the bed nodes
to linearly interpolate bed elevation and bed rowggs values between the nodes on each
breakline and force the TIN to fall on the brea&br(Steffler 2002).
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Table 4. Initial bed roughness values.

Substrate Code Bed Roughness (m) Cover Code Bed Roughness (m)
0.1 0.05 0.1 0
1 0.1 1 0
1.2 0.2 2 0
1.3 0.25 3 0.11
2.3 0.3 3.7 0.2
2.4 0.4 4 0.62
3.4 0.45 4.7 0.96
3.5 0.5 5 1.93
4.6 0.65 5.7 2.59
6.8 0.9 7 0.28
8 1.25 8 2.97
9 0.05,0.71, 1.95 9 0.29
10 14 9.7 0.57
10 3.05

where we checked the features constructed in tNeaghinst aerial photographs to make sure we
had represented landforms correctly. Breakline®watso added along lines of constant
elevation.

An additional utility program, R2D_MESH (Waddle aSteffler 2002), was used to define the
inflow and outflow boundaries and create the fieifiement computational mesh for the
RIVER2D model. R2D_MESH uses the final bed fileaasnput. The first stage in creating the

®For substrate code 9, we used bed roughnesseglo&fd 1.95, respectively, for cover
codes 1 and 2, and a bed roughness of 0.05 fotledl cover codes. Bed roughnesses of zero
were used for cover codes 1 and 2 for all othestsate codes, since the roughness associated
with the cover was included in the substrate roegkn
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computational mesh was to define mesh breaKfiveisich coincided with the final bed file
breaklines. Additional mesh breaklines were thaated between the initial mesh breaklines, and
then additional nodes were added as needed to vapine fit between the mesh and the final
bed file and to improve the quality of the meshmesmsured by the Quality Index (QIl) value. An
ideal mesh (all equilateral triangles) would hav@laf 1.0. A QI value of at least 0.2 is
considered acceptable (Waddle and Steffler 200Bg QI is a measure of how much the least
equilateral mesh element deviates from an equabteangle. The final step with the
R2D_MESH software was to generate the computati@olg) file.

RIVER2D Model Calibration

Once a RIVER2D model has been constructed, calilorad then required to determine that the
model is reliably simulating the flow-WSEL relatsinp that was determined through the
PHABSIM calibration process using the measured WSSEILhe cdg files were opened in the
RIVER2D software, where the computational bed toaplly mesh was used together with the
WSEL at the bottom of the site, the flow enterihg site, and the bed roughnesses of the
computational mesh elements to compute the deptlasities and WSELSs throughout the site.
The basis for the current form of RIVER2D is giverGhanem et al (1995). The computational
mesh was run to steady state at the highest fldve tsimulated, and the WSELSs predicted by
RIVER2D at the upstream end of the site were coethbty the WSELSs predicted by PHABSIM
at the upstream transect. The bed roughnesshke obtnputational mesh elements were then
modified by multiplying them by a constant bed rongss multiplier (BR Mult) until the WSELs
predicted by RIVER2D at the upstream end of themsiatched the WSELSs predicted by
PHABSIM at the upstream transect. The minimum gdwater depth was adjusted to a value of
0.05 m to increase the stability of the model. Vakies of all other River2D hydraulic
parameters were left at their default values (upmg coefficient = 0.5, groundwater
transmissivity = 0.1, groundwater storativity =ahd eddy viscosity parametetis= 0.01,¢; =

0.5 ande3 = 0.1). A stable solution will generally havedgion change (Sah) of less than
0.00001 and a net flow (Net Q) of less than 1%f{8teand Blackburn 2002). In addition,

19 Mesh breaklines are a feature of the R2D_MESH narogvhich force edges of the
computation mesh elements to fall on the mesh bresskand force the TIN of the
computational mesh to linearly interpolate the bledation and bed roughness values of mesh
nodes between the nodes at the end of each breadgment (Waddle and Steffler 2002). A
better fit between the bed and mesh TINs is acldi&yehaving the mesh and bed breaklines
coincide.
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solutions for low gradient streams should usuadlyeha maximum Froude Number (Max F) of
less than ¥. Finally, the WSEL predicted by the 2-D model slddbe within 0.1 foot (0.031 m)
of the WSEL measured at the upstream trarfsect

RIVER2D Model Velocity Validation

Velocity validation is the final step in the preaton of the hydraulic models for use in habitat
simulation. Velocities predicted by RIVER2D we@pared with measured velocities to
determine the accuracy of the model's predictidmsean water column velocities. The
measured velocities used were the velocities medsur the upstream and downstream
transects, and the 50 velocities per site measareetween the upstream and downstream
transects. The criterion used to determine whetteemodel was validated was whether the
correlation coefficient (R) between measured anuikted velocities was greater than 0.6. A
correlation of 0.5 to 1.0 is considered to havargd effect (Cohen 1992). The model would be
in question if the simulated velocities deviatemhirthe measured velocities to the extent that the
correlation between measured and simulated vedsdill 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 provide initial boundary cdimhis for simulating hydrodynamics of the
sites at the simulation flows. The cdg file foclkedlow contained the WSEL predicted by
PHABSIM at the downstream transect at that flovecltdischarge was run in RIVER2D to
steady state. Again, a stable solution will gelhehave a SoA of less than 0.00001 and a Net
Q of less than 1%. In addition, solutions will aby have a Max F of less than 1.

Habitat Suitability Criteria (HSC) Data Collection

Habitat suitability curves (HSC or HSI Curves) ased within 2-D habitat modeling to translate
hydraulic and structural elements of rivers intdices of habitat quality (Bovee 1986). The
primary habitat variables which are used to asgkgsical habitat suitability for spawning
Chinook salmon and steelhead/rainbow trout arernvepth, velocity, and substrate
composition. One HSC set for fall-run Chinook satnand one HSC set for steelhead/ rainbow
trout were used in this study. The fall-run Chik@almon criteria were based on data collected

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

12\We have selected this standard because it imdathused for PHABSIM (U. S. Fish
and Wildlife Service 2000).
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by staff of the Red Bluff Fish and Wildlife Offian fall-run Chinook salmon redds in Clear
Creek in 2004-2005 and by the staff of the Sergi@icramento Fish and Wildlife Office in
2006. The steelhead/rainbow trout HSC used instiidy were based on data collected in the
Upper Alluvial and Canyon reaches during the plesespawning study (U.S. Fish and Wildlife
Service 2007).

For habitat suitability criteria data collectio, @ the active redds (those not covered with
periphyton growth) which could be distinguished evareasured. Data were collected from an
area adjacent to the redd which was judged to hamnilar depth and velocity as was present at
the redd location prior to redd construction. Depas recorded to the nearest 0.1 foot (0.031 m)
and average water column velocity was recordetlégmearest 0.01 ft/s (0.003 m/s).
Measurements were taken with a wading rod and aiMiicBirney model 2000 velocity

meter. Substrate was visually assessed for théndotnparticle size range (i.e., range of 1-2
inches [2.5 to 5 cm]) at three locations: 1) onfrof the pit; 2) on the sides of the pit; andr3)

the tailspill. The substrate coding system useshgwvn in Table 2. All data were entered into
spreadsheets for analysis and development of HSCs.

Biological Verification Data Collection

Biological validation data were collected to tdst hypothesis that the compound suitability
predicted by the River2D model is higher at loaagiavhere redds were present versus locations
where redds were absent. The compound suitalsilitye product of the depth suitability, the
velocity suitability, and the substrate suitabiliffhe collected biovalidation data were the
horizontal locations of redds. Depth, velocitygdaubstrate size as described in the previous
section on habitat suitability criteria data colien were also measured. The hypothesis that the
compound suitability predicted by the River2D modditigher at locations where redds were
present versus locations where redds were absensta@stically tested with a one-tailed Mann-
Whitney U test (Gard 2006, Gard 2009b, McHugh andyB2004).

The horizontal location of the redds found in thelg sites during the survey for fall-run
Chinook salmon redds conducted on October 16-1®6 2@re recorded by sighting from the
total station to a stadia rod and prism. The lomtal location of the redds constructed
subsequent to the October 16-19, 2006 surveys alsoerecorded in Shooting Gallery and
Lower Gorge sites on October 30-31, 2006. Dueginifscant superposition of redds at the
Lower Gorge site by the end of October, there \gekeral large areas which were completely
filled with redds, making it impossible to distingh new redds from those previously surveyed.
For these areas, a series of points, recordedyhyirsg from the total station to a stadia rod and
prism, were collected around the outer edge ofktlaesas so that polygons could be developed.
These polygons were used subsequently to exclede #reas from selection as unoccupied
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locations. No biological verification data werdleoted for steelhead/rainbow trout in the Lower
Alluvial segment®. All data for the fall-run Chinook salmon reddsre entered into
spreadsheets.

Habitat Quitability Criteria (HSC) Devel opment

The collected redd depth and velocity data mugirbeessed through a series of steps to arrive at
the HSC that will be used in the RIVER2D model tedict habitat suitability. Using the fall-

run Chinook salmon HSC data that were collecte2Diov-2006, we applied a method presented
in Guay et al. (2000) to explicitly take into acobhabitat availability in developing HSC

criteria, without using preference ratios (usedid by availability). Criteria are developed by
using a logistic regression procedure, with presemabsence of redds as the dependent variable
and depth and velocity as the independent variabliéls all of the data (in both occupied and
unoccupied locations) used in the regression.

Velocity and depth data were obtained for locatiwithin each site where redds were not found
(unoccupied). These data were obtained by runaifiigal River2D cdg file for each site at the
average flow for the period leading up to the diagelocation of extant redds were recorded
using a total station and the depth and velocitg @gere collected. After running the final
River2D models for each study site, velocity andtdelata at each node within the file were
then downloaded. Using a random numbers geneggiproximately 300 unoccupied poifits
were selected for each site that had the followimgyacteristics: 1) were more than 3 feet (0.91
m) from a redd recorded during the 2006 surveyvamiek outside of the polygons delineated for
the Lower Gorge site; 2) were inundated; 3) wereentiban 3 feet (0.91 m) from any other point
that was selected; and 4) were located in thersitker than in the upstream extension of the file.

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

Exp (I+J*V+K*# L*V3+M* VY
Frequency =  ----mmmmmmmmmmmmo oo :
1+Exp(I1+J3*V+K¥+L*V3i+M*VvH

13Biological verification was previously conducted &teelhead/rainbow trout spawning in the
Upper Alluvial and Canyon segments (U.S. Fish anldiMé Service 2007).

4The actual number of points varied from site te sitd were slightly less than 300 due to
points that were deleted because they were witl@e8(0.9 m) of a redd or were within
polygonsdelineated for the Lower Gorge site.
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where Exp is the exponential function; I, J, Kabd M are coefficients calculated by the logistic
regression; and V is velocity or depth. The lagistgressions were conducted in a sequential
fashion, where the first regression tried includéaf the terms. If any of the coefficients oeth
constant were not statistically significant at p.85, the associated terms were dropped from the
regression equation, and the regression was repedtes results of the regression equations
were rescaled so that the highest value was 1h@.rdsulting HSC were modified by truncating
at the slowest/shallowest and deepest/fastest sadbat the next shallower depth or slower
velocity value below the shallowest observed deptthe slowest observed velocity had a Sl
value of zero, and so that the next larger depfasier velocity value above the deepest
observed depth or the fastest observed velocityahadl value of zero.

In cases where the results of the logistic regoassiere biologically unrealistic, we developed
the criteria by calculating frequency distributidnem the use data and input into the PHABSIM
suitability index curve development program (CURVHEhe HSI curves were then developed
using exponential smoothing. The curves genenated exported into a spreadsheet and
modified by truncating at slowest/shallowest andpist/fastest ends, so that the next shallower
depth or slower velocity value below the shallowasterved depth or the slowest observed
velocity had a Sl value of zero; and eliminatingng® above the optimal suitability to account

for the effects of availability on habitat use.

A technique to adjust depth habitat utilizationvas for spawning to account for low availability
of deep waters with suitable velocity and subst{@@rd 1998) was applied to the fall-run
Chinook salmon HSC data. The technique begins th@hconstruction of multiple sets of HSC,
differing only in the suitabilities assigned fortmpum depth increments, to determine how the
available creek area with suitable velocities anastrates varied with depth. Ranges of suitable
velocities and substrates were determined fronveétacity and substrate HSC curves, with
suitable velocities and substrates defined as twitbeHSC values greater than 0.5. A range of
depths is selected, starting at the depth at wihiehnitial depth HSC reached 1.0, through the
greatest depth at which there were redds or availabitat. A series of HSC sets are
constructed where: 1) all of the sets have theesagtocity and substrate HSC curves, with
values of 1.0 for the suitable velocity and sultstrange with all other velocities and substrates
assigned a value of 0.0; and 2) each set hasaehtfdepth HSC curve. To develop the depth
HSC curves, each HSC set is assigned a differdfatda (0.15 m) depth increment within the
selected depth range to have an HSC value of addthee other half-foot (0.15 m) depth
increments and depths outside of the depth ranvgdéua of 0.0 (e.g., 1.1-1.59 foot (0.34-0.48 m)
depth HSC value equal 1.0, < 1.1 foot (0.34 m)=ah&9 foot (0.48 m) depths HSC value equals
0.0 for a depth increment of 1.1-1.59 feet (0.3480m)). Each HSC set is used in RIVER2D
with the calibrated RIVER2D file for each studyes#t which HSC data were collected for that
run. The resulting habitat output is used to detee the available river area with suitable
velocities and substrates for all half-foot (0.1pdwapth increments.
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To modify the fall-run Chinook salmon HSC depthwauto account for the low availability of
deep water having suitable velocities and substrateequence of linear regressions (Gard 1998)
was used to determine the relative rate of dedfnese versus availability with increasing depth.
Habitat use by spawning fall-run Chinook salmodefined as the number of redds observed in
each depth increment. Availability data were dateed using the output of the calibrated
hydraulic River2D files for the spawning habitataebng sites, while 2006 redd data from the
sites were used to assess use. Availability aacitessnormalized by computing relative
availability and use, so that both measures hawaxamum value of 1.0. Relative availability

and use are calculated by dividing the availabditgl use for each depth increment by the largest
value of availability or use. To produce lineadzalues of relative availability and use at the
midpoints of the depth increments (i.e., 1.35 {@et1 m) for the 1.1-1.59 foot (0.34-0.48 m)
depth increment, we used linear regressions dfivelavailability and use versus the midpoints

of the depth increments. Linearized use is dividgtdnearized availability for the range of
depths where the regression equations predictiyp®sélative use and availability. The resulting
use-availability ratio is standardized so thatrtteximum ratio is 1.0. To determine the depth at
which the depth HSC would reach zero (the deptihhath the scaled ratios reach zero), we used
a linear regression with the scaled ratios verseasrtidpoint of the depth increments.

Substrate criteria were developed by: 1) detemgitine number of redds with each substrate
code (Table 2); 2) calculating the proportion afde with each substrate code (humber of redds
with each substrate code divided by total numbeeddfls); and 3) calculating the HSI value for
each substrate code by dividing the proportioredfis in that substrate code by the proportion of
redds with the most frequent substrate code. Tdetead/rainbow trout HSC utilized in this
study were those developed for the phase one siutig Upper Alluvial and Canyon segments
(U.S. Fish and Wildlife Service 2007).

Biological Verification

We compared the combined habitat suitability preedidy RIVER2D at each fall-run Chinook
salmon redd location to that at unoccupied locatiarthe spawning habitat modeling sites. We
ran the RIVER2D cdg files at the average flowsthar period from the start of the spawning
season up to the date of redd location data callebbr fall-run Chinook salmon (October 1 —
October 19, 2006) to determine the combined hasitaability at individual points for
RIVER2D. We also ran RIVER2D cdg files at the aggr flow for the period October 19-30,
2006 for the data collected in Shooting Gallery badier Gorge sites during the second data
collection period of October 30-31, 2006. We uterhorizontal location measured for each
redd to determine the location of each redd inrRNER2D sites. We used a random number
generator to select locations without redds in esteh Locations were eliminated that: 1) were
less than 3 feet (0.91 m) from a previously-sekbtbeation; 2) were less than 3 feet (0.91 m)
from a redd location or were within polygons deéitesl for the Lower Gorge site; 3) were
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located in the wetted part of the site; and 4) viecated in the site (between the upstream and
downstream transects). We used one-tailed ManrtndiJ tests (Zar 1984) to determine
whether the combined suitability predicted by RINVERwas higher at redd locations versus
locations where redds were absent.

Habitat Smulation

The final step was to simulate available habitaefich site. Preference curve files were created
containing the digitized HSC developed for the €léeeek fall-run Chinook salmon and
steelhead/rainbow trout (Appendix I). RIVER2D wed with the final cdg production files,
the substrate file and the preference curve fileotmpute WUA for each site over the desired
range of simulation flows for all sites. The pregéor determining WUA from the HSC was to
multiply together the suitability of each of theeh variables, and then multiply this product by
the area represented by each node. The sum fofrthk nodes of this product is the WUA. The
WUA values for the sites in the Lower Alluvial segm were added together and multiplied by
the ratio of total redds counted in the segmertdiuehing the 2-mile restoration reach, to the
number of redds in the modeling sites for that sgno produce the total WUA in the Lower
Alluvial segment, excluding the 2-mile restoratr@ach. The fall-run Chinook salmon and
steelhead/rainbow trout multipliers were calculatsohg redd counts from, respectively, 2000-
2005 and 2002-2006.

RESULTS
Sudy Segment Delineation

We divided the Clear Creek study area into thremagt segments: Upper Alluvial Segment
(Whiskeytown Dam to NEED Camp Bridge); Canyon Segin(EED Camp Bridge to Clear
Creek Road Bridge); and Lower Alluvial Segment @tl€reek Road Bridge to Sacramento
River). The first two segments addressed sprimg&hinook salmon and steelhead/rainbow
trout while the last segment where this study aezbaddresses fall-run Chinook salmon and
steelhead/rainbow trout.

Field Reconnaissance and Study Ste Selection

After reviewing the field reconnaissance notes @misidering time and manpower constraints,
five study sites (Table 5, Appendix A) were selddt@ modeling in Lower Alluvial segment:

1) Shooting Gallery; 2) Lower Gorge; 3) Upper Rawh4) Lower Renshaw; and 5) Upper
Isolation.
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Table 5. Top-ranked Lower Alluvial segment areas for fall-run Chinook salmon and
steelhead/rainbow trout spawning based, respectively, on 2000-2005 and 2002-2006
redd survey data.

Number of Redds

Fall-run Chinook salmon Steelhead
Site Name 2000 2001 2002 2003 2004 2005 2002 2003 2004 2005 2006
Shooting Gallery 0 8 12 1 6 23 2 2 3 0 0
Lower Gorge 5 7 91 133 98 137 3 0 8 1 0
Upper Renshaw 152 121 139 66 85 124 0 0 4 2 2
Lower Renshaw 310 369 311 413 488 567 0 0 15 20 19

Upper Isolation 87 80 39 69 75 95 0 0 1 2 3

Hydraulic and Structural Data Collection

All sites met the standard for level loops (Table Brrors for the horizontal benchmarks
established by dual frequency survey-grade difteaeGPS were in all cases less than 0.021 feet
(0.64 cm, Table 7). Water surface elevations wegasured at all sites at the following flow
ranges: 82-83 cfs, 151-259 cfs, 424-440 cfs, ad @0 cfs. Depth and velocity measurements
on the transects were collected at the ShootingBahnsects at 82 cfs, Lower Gorge transects
at 83 cfs, Upper Renshaw transects at 259 cfs, LR@ashaw transects at 151 cfs, and Upper
Isolation transects at 153 cfs. The number angitleof points collected for each site are given
in Table 8.

Shooting Gallery validation velocities were collettat flows of 81 and 82 cfs, Lower Gorge
validation velocities were collected at a flows38f 198 and 225 cfs, Upper Renshaw validation
velocities were collected at flows of 225 and 2&9 cower Renshaw validation velocities were
collected at flows of 151 and 211 cfs, and Uppelalon validation velocities were collected at
flows of 153 and 212 cfsWhile 50 validation velocities were collected at thther four sites,

we only collected 49 validation velocities at Uppanshaw due to an error in recording data in
the field notebook.
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Table 6. Level loop error results.

Site Name

Level Loop Distance (mi)

Level loop error (ft)

Allowable error

Actual error

Shooting Gallery

Lower Gorge
Upper Renshaw
Lower Renshaw

Upper Isolation

0.312 (0.187 km)
0.305 (0.183 km)
0.237 (0.142 km)
0.686 (0.412 km)
0.269 (0.161 km)

0.03 (0.009 m)
0.03 (0.009 m)
0.02 (0.006 m)
0.05 (0.015 m)
0.03 (0.009 m)

0.00 (0.00 m)
0.01 (0.003 m)
0.00 (0.00 m)
0.01 (0.003 m)
0.01 (0.003 m)

Table 7. Horizontal benchmark error results.

Precision (US feet)

Site benchmark

Horizontal

Vertical

Shooting Gallery HBM1
Shooting Gallery HBM2
Shooting Gallery HBM3
Lower Gorge HBM1
Lower Gorge HBM2
Lower Gorge HBM3
Lower Gorge HBM4
Lower Gorge VBM2
Upper Renshaw HBM1
Upper Renshaw HBM2
Upper Renshaw HBM3
Upper Renshaw HBM4
Upper Renshaw HBM5
Lower Renshaw HBM1
Lower Renshaw HBM2
Lower Renshaw TP2
Upper Isolation HBM1
Upper Isolation HBM2

0.012 (0.37 cm)
0.012 (0.37 cm)
0.013 (0.40 cm)
0.013 (0.40 cm)
0.011 (0.33 cm)
0.014 (0.43 cm)
0.013 (0.40 cm)
0.010 (0.30 cm)
0.009 (0.27 cm)
0.008 (0.24 cm)
0.012 (0.37 cm)
0.012 (0.37 cm)
0.011 (0.33 cm)
0.007 (0.21 cm)
0.014 (0.43 cm)
0.013 (0.40 cm)
0.014 (0.43 cm)
0.011 (0.33 cm)

0.017 (0.52 cm)
0.018 (0.55 cm)
0.019 (0.58 cm)
0.021 (0.64 cm)
0.015 (0.46 cm)
0.020 (0.61 cm)
0.017 (0.52 cm)
0.012 (0.37 cm)
0.011 (0.33 cm)
0.012 (0.37 cm)
0.012 (0.37 cm)
0.017 (0.52 cm)
0.012 (0.37 cm)
0.011 (0.33 cm)
0.014 (0.43 cm)
0.015 (0.46 cm)
0.019 (0.58 cm)
0.013 (0.40 cm)
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Table 8. Number and density of data points collected for each study site.

Number of Points

Site Name Points on Points Between Transects Density of Points
Transects Collected with Total Station (points/100 m?)
Shooting Gallery 68 1526 19.7
Lower Gorge 99 5984 82.8
Upper Renshaw 66 3078 70.5
Lower Renshaw 77 7592 39.3
Upper Isolation 61 4544 69.0

Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

All five study sites had water flowing downhill all of the measured flows. A total of five
WSEL sets at low, medium, and high flows were used)pper Renshaw and Upper Isolation,
and four WSEL sets were used for Shooting Galled/lzower Gorge. In the case of Lower
Renshaw, we were only able to use three WSEL $Btsdfs, 425 cfs, and 678 cfs) as a result of
changes in the stage-discharge relationship tleatroed after the earlier collection of WSEL sets
at 84 cfs and 194 cfs. The change in the stagdaiige relationship was the result of alterations
in the bed topography caused by fall-run Chinodknea spawning that occurred during the fall
of 2006. Calibration flows for the PHABSIM calilti@n were interpolated based on river mile
between the gage flows for the Reading Bar and C@&fes operated by Graham Matthews and
Associates. Calibration flows in the PHABSIM détes and the SZFs used for each transect are
given in Appendix B.

For all of the transect$i-G4 met the criteria described in the methodd k&4 (Appendix B).

With the exception of the Upper Renshaw upstreamsgct, none of the transects deviated
significantly from the expected pattern of VAFs @gmdix C). A minor deviation in the

expected pattern was observed with the Lower Rensloavnstream transect. In the case of the
Upper Renshaw upstream transect, the VAF valueedsed, rather than increased monotonically
with increasing flows. VAF values for all transe¢tanging from 0.48 to 3.01) were all within

an acceptable range for all transects.
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RIVER2D Model Construction

For the Lower Renshaw site, we put a “glass wallthie lowest-most portion of the north bank

of the site to exclude an off channel area fromsitee The bed topography of the sites is shown
in Appendix D. The finite element computationalsin€TIN) for each of the study sites is

shown in Appendix E. As shown in Appendix F, thestmes for all sites had QI values of at least
0.30. The percentage of the original bed nodewfach the mesh differed by less than 0.1 foot
(0.031 m) from the elevation of the original bedies ranged from 79.7% to 92.{%ppendix

F).

RIVER2D Model Calibration

The Shooting Gallery, Lower Renshaw and Upper tewissites were calibrated at 900 cfs, the
highest simulation flow. In the cases of Lower @oand Upper Renshaw sites, we used the
highest measured flow within the range of simuldle@s because the simulated WSELs at the
highest simulation flow of 900 cfs varied across thannel by more than 0.1 foot (0.031 m),
thus resulting in the RIVER2D simulated WSELSs difig from the PHABSIM simulated
WSELs by more than 0.1 foot (0.031 m). The catidmtacdg files all had a solution change of
less than 0.00001, with the net Q for all sites taan 1% (Appendix E). The calibrated cdg file
for all study sites had a maximum Froude Numbegreter than 1, with the exception of Upper
Renshaw (Appendix E). All three study sites calibd at 900 cfs had calibrated cdg files with
WSELSs that were within 0.1 foot (0.031 m) of theAB$IM predicted WSELs (Appendix F).

Of the two study sites calibrated at the highestsueed flow, Upper Renshaw had a calibrated
cdg file with WSELSs that were within 0.1 foot (0D81). In the case of Lower Gorge, the
average and maximum WSELs exceeded the 0.1 fd@@®10n) criterion.

RIVER2D Model Velocity Validation

For all sites, there was a strong to very strorgetation between predicted and measured
velocities (Appendix G). However, there were digant differences between individual
measured and predicted velocities. The modelalfaf the study sites were validated, since the
correlation between the predicted and measurediiel® was greater than 0.6 for those sites. In
general, the simulated and measured cross-chaeloglity profiles at the upstream and
downstream transects (Appendix’Gwere relatively similar in shape, with some diéfeces in
magnitude that fall within the amount of variatiorthe Marsh-McBirney velocity
measurements.

5 Velocities 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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The Lower Gorge downstream transect was the ongpéina, with the model under-predicting
the velocities on the south side of the channelauad-predicting the velocities on the north side
of the channel.

RIVER2D Model Simulation Flow Runs

The simulation flows were 50 cfs to 300 cfs by &increments and 300 cfs to 900 cfs by 50 cfs
increments. The production cdg files all had aisoh change of less than 0.00001. The net Q
was less than 1% for four of the five sites. Tkeeption was Lower Renshaw, with three flows
that exceeded 1% (Appendix H). The maximum Frdddmber was greater than one for all of
the simulated flows for Shooting Gallery, Lower Rleaw, and Upper Isolation, 22 of the 23
simulated flows for Lower Gorge, and 15 of the RBwdated flows for Upper Renshaw
(Appendix H).

Habitat Quitability Criteria (HSC) Data Collection

The location of fall-run Chinook salmon depth amdbeity measurements was generally about 4
to 8 feet (2.44 m) upstream of the pit of the rddulyever on rare occasions it was necessary to
make measurements at a 45 degree angle upstreapth, Delocity, and substrate size data were
collected for 123 fall-run Chinook salmon reddsha Lower Alluvial Segment of Clear Creek
during surveys conducted October 10-October 294 280vember 9-November 19, 2004 and
December 2, 2004. Data were collected for 174rtadl Chinook salmon redds in the Lower
Alluvial Segment of Clear Creek during surveys amtdd October 20-28, 2005, November 1,
2005, and November 25, 2005. During 2006, dat@ wellected for a total of 464 fall-run
Chinook salmon redds in the Lower Alluvial Segmeumting surveys conducted October 16-19,
2006 and October 30-31, 2006.

During the 2004 fall-run Chinook salmon spawningquefrom October 1 through the end of the
data collection on December 2, 2004, flows in tbever Alluvial Segment remained relatively
constant, ranging primarily between 200-299 cfshwhe exception of November 3-4, 2004
when flows averaged 382 and 430 cfs. During tt@Zall-run Chinook salmon spawning
period from October 1 through the end of the datkection on November 25, 2005, flows in the
Lower Alluvial Segment remained relatively constaanging primarily between 200-263 cfs,
with the exception of November 16-17, 2005 whewfl@veraged 456 and 388 cfs. The spike in
flows that occurred over a two day period in 2084 2005 was due to special releases
scheduled in order to gather middle and high floatew surface elevations on study site
transects. During the 2006 fall-run Chinook salrspawning period from October 1 through the
end of the data collection on October 31, 2006y$lin the Lower Alluvial Segment again
remained relatively constant, ranging between IbI®1 cfs (Figure 4).
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Figure 4. 2004-2006 flows in the Lower Alluvial Segment during the fall-run Chinook salmon spawning data collection.

The thicker lines show the sampling periods.
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The steelhead/rainbow trout HSC used in this stuele based on data collected in the Upper
Alluvial and Canyon reaches during the phase oawsmg study (U.S. Fish and Wildlife
Service 2007).

Biological Verification Data Collection

During the fall-run Chinook salmon redd surveySCxtober 16-19, 2006, we collected data for
10 redds at Shooting Gallery, 68 redds at Lowelg&or2 redds at Upper Renshaw, 226 redds at
Lower Renshaw, and 66 redds at Upper Isolationa fiotal of 442 redds for the surveys done
during that time period. During the fall-run Chatkosalmon redd surveys on October 30-31,
2006, we collected data for 1 redd at Shootingebaknd 21 redds at Lower Gorge for a total of
22 redds for the surveys done during that timeogleri

Habitat Quitability Criteria (HSC) Devel opment

The coefficients for the final logistic regressidas depth and velocity for fall-run Chinook
salmon are shown in Table 9. The p values foofathe non-zero coefficients in Table 9 were
less than 0.05, as were the p values for the dvegessions.

The initial fall-run Chinook salmon HSC showed abitity rapidly decreasing for depths greater
than 1.1 feet (0.34 m). Suitable velocities fdkfan Chinook salmon spawning were between
0.95 and 4.15 ft/sec (0.29 and 1.26 m/sec), whilalsle substrate codes were 1.3 and 2.4. The
results of the initial regressions showed thatlatdity dropped with increasing depth, but not as
quickly as us€Figure 5) The result of the final regression amrtdd to modify the HSC depth
curve to account for the low availability of deepter having suitable velocities and substrate
was that the scaled ratio reached zero at 6.{2e&t m): thus, the fall-run Chinook salmon
depth criteria were modified to have a linear daseein suitability from 1.1, the greatest depth in
the original criteria which had a suitability oD1to a suitability of 0.0 at 6.7

feet (2.04 m).

The results of the logistic regression for veloevwgre biologically unrealistic (Figure 6), with an
optimal velocity of 6.3 ft/s (1.92 m/s). Accordiggwe developed the velocity criteria solely
from the use data. We modified the upper end ®@fdisulting criteria (by eliminating all of the
points in between 2.04 and 6.31 ft/sec (0.62 a@d fn/sec)) to increase the suitability of faster
conditions, since the logistic regression indicdted use was being largely controlled by
availability. This resulted in the velocity suittty decreasing linearly from a suitability of @9
at 2.04 ft/sec (0.62 m/sec) to a suitability ot ® 81 ft/sec (1.92 m/sec). The final depth and
velocity criteria for fall-run Chinook salmon, algmvith the frequency distributions of occupied
and unoccupied locations, are shown in FigureadeBAppendix I. The final fall-run Chinook
substrate criteria are shown in Figure 9 and AppehdThe steelhead/rainbow trout spawning
criteria from (U.S. Fish and Wildlife Service 20GtE given in Appendix I.
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Table 9. Logistic regression coefficients and R? values. The R? values are McFadden’s
Rho-squared values.

parameter | J K L M R?

depth  -7.239688 18.717276 -15.898104 5.384454 -0.640331 0.08

velocity -2.863829 2.794626 -0.792777 0.070910 -- 0.08
-'| .
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Depth Increment Midpoint (i)
A Use ®  Availability

Availability Regression

Uze Regression
o Standardized uszefavailability ration ------ Uzeitvailability Regression

Figure 5. Relations between availability and use and depth for fall-run Chinook salmon.
Points are relative use, relative availability, or the standardized ratio of linearized use to
linearized availability. Lines are the results of the linear regressions of the depth
increment midpoint versus relative availability, relative use, and the standardized ratio
of linearized use to linearized availability. The availability dropped with increasing
depth, but not as quickly as use. The use-availability regression reached zero at 6.7
feet (2.04 m).
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Figure 6. Fall-run Chinook salmon spawning velocity HSC using occupied and
unoccupied data. The HSC show that fall-run Chinook salmon spawning has a non-zero
suitability for velocities of 0.10 to 6.30 ft/sec (0.03 and 1.92 m/sec) and an optimum
suitability at velocity of 6.30 ft/sec (1.90 m/sec).
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Chinook salmon spawning has a non-zero suitability for depths of 0.5 to 6.7 feet (0.15
to 2.04 m) and an optimum suitability at a depth of 1.1 feet (0.34 m).
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Figure 8. Fall-run Chinook salmon spawning velocity HSC using only occupied data.
The HSC show that fall-run Chinook salmon spawning has a non-zero suitability for
velocities of 0.10 to 6.30 ft/sec (0.03 and 1.92 m/sec) and an optimum suitability at
velocity of 1.83 to 1.97 ft/sec (0.56 to 0.60 m/sec).
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Figure 9. Fall-run Chinook salmon HSC for substrate. The HSC show that fall-run
Chinook salmon spawning has a non-zero suitability for substrate codes 1.2 to 4.6 and
an optimum suitability for substrate code 1.3.
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Biological Verification

For fall-run Chinook salmon, the combined habitatability predicted by the 2-D model (Figure
10) was significantly higher for locations with dsd(median = 0.38, n = 464) than for locations
without redds (median = 0.12, n = 1436), basecherMann-Whitney U test (U = 238843,

p < 0.000001). A greater number in the suitabiliyex indicates greater suitability. The

location of fall-run Chinook salmon redds relatteethe distribution of combined suitability is
shown in Appendix J. The 2-D model predicted 8&abf the 464 (11.8%) redd locations had a
combined suitability of zero. Fifty had a combirsedtability of zero due to the predicted
substrate being too small (substrate code of 8.hd a combined suitability of zero due to the
predicted substrate being too large (substratescoti@ and 10), and 2 had a combined suitability
of zero due to the predicted depth being too logptd less than 0.5 foot (0.15 m).

Habitat Smulation

The WUA values calculated for each site are coethin Appendix K. The ratios of total redds
counted in the Lower Alluvial segment, excluding tiwvo-mile restoration reach, to number of
redds in the modeling sites for that segment werfeliows: fall-run Chinook salmon = 1.92;
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Figure 10. Combined suitability for 2-D model locations with (occupied) and without
(unoccupied) fall-run Chinook salmon redds. The median combined suitability for
occupied and unoccupied locations was, respectively, 0.41 and 0.03.

steelhead/rainbow trout =1.28. The flow habitédtrenships, by species, are depicted in Figures
11 and 12 and Appendix K. The 2-D model predietstiighest total WUA for both fall-run
Chinook salmon and steelhead/rainbow trout spawimiige Lower Alluvial segment at 300 cfs.

DISCUSSION
Hydraulic Model Construction and Calibration
PHABSIM WSEL Calibration

For the Upper Renshaw upstream transect and therlRenshaw downstream transect, the
model, in mass balancing, was decreasing wateciiel® at high flows so that the known
discharge would pass through the increased crasexsal area. We concluded that this
phenomena was caused by channel characteristick Wdrim hydraulic controls at some flows
but not others (compound controls), thus affectipgtream water elevations. Accordingly, the
performance of IFG4 for these transects was coresidedequate despite unusual VAF pattern.
We did not regard the deviation in the VAF valuessthese transects as problematic since
RHABSIM was only used to simulate WSELs and nobeiies.
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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 (0.30 m) horizontally of the bed file locati
Given that we had a 1-foot (0.30 m) horizontal l@f@ccuracy, such areas would have an adequate
fit of the mesh to the bed file.

RIVER2D Model Calibration

In general, Lower Gorge and Upper Renshaw sitdsedtighest simulated flow had WSELs on
the two banks that differed by more than 0.1 f@®31 m). In both cases, we were uncertain
which model was responsible for the discrepancataden the WSELSs predicted by RIVER2D
and PHABSIM. As a result, we felt that it would to@re accurate to calibrate these sites using
the measured WSELSs for the highest flow withinrdrege of simulated flows. Our general rule
is that it is more accurate to calibrate sitesgitive WSELs simulated by PHABSIM at the
highest simulated flow because the RIVER2D modaidase sensitive to the bed roughness
multiplier at higher flows, versus lower flows. Wever, when we have concluded, as for these
sites, that the simulation of the WSEL at the wgastr transect at the highest simulation flow by
PHABSIM is potentially inaccurate, it no longer nesksense to calibrate RIVER2D using the
WSELSs simulated by PHABSIM at the highest simulatilow. In these cases, we use the fall-
back option of calibrating RIVER2D using the WSEhsasured at the highest flow within the
range of simulation flows.

We considered the solution to be acceptable fostinay site cdg files which had a maximum
Froude Number greater than 1, since the Froude Muody exceeded one at a few nodes, with
the vast majority of the site having Froude Numbess than one. Furthermore, these nodes
were located either at the water’'s edge or wheteneepth was extremely shallow, typically
approaching zero. A high Froude Number at a vieritdd number of nodes at water’s edge or
in very shallow depths would be expected to havmsignificant effect on the model results.
The average and maximum difference between meaangkdimulated WSELSs for Lower Gorge
exceeded the 0.1 foot (0.031 m) criterion. Howgeatthe 705 cfs flow at which the WSELs
were measured, we were only able to take a measuatamxt to the right bank due to safety
concerns. The WSELSs simulated in this portiorhef aipstream transect were within 0.02 foot
(0.01 m) of the measured value. Because of teigtrand since the simulated left bank WSELs
only a short distance (approximately 4 feet (1.92downstream of the upstream transect were
also found to be within 0.1 foot (0.031 m) of theanured, the calibration was considered
acceptable.
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RIVER2D Model Velocity Validation

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{@phpperator error during data collection, i.e.,
the probe was not facing precisely into the digecof current; (3) range of natural velocity
variation at each point over time resulting in sameasured data points at the low or high end of
the velocity range averaged in the model simulatiamd (4) the measured velocities on the
transects being the component of the velocity enxdbwnstream direction, while the velocities
predicted by the 2-D model were the absolute madaibf velocity’. As shown in the figures

in Appendix G, we attribute most of the differenbetween measured and predicted velocities
to noise in the measured velocity measurementsjfgyaly, for the transects, the simulated
velocities typically fell within the range of thee@sured. The 2-D model integrates effects from
the surrounding elements at each point. Thustmpogasurements 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. For the Lower Gorge downstream é@nshere RIVER2D over or under-
predicted the velocities on both sides of the ckgwe attribute this to errors in the bed
topography that did not properly characterize fesgtuhat resulted in faster/slower velocities.
There was a long, deep pool and a vertical rock @vabne side of the channel just upstream of
the downstream transect. These features may hiagterbd the collection of the density of
points necessary to properly characterize the bkt area. Further supporting this assessment,
the measured discharge at the Lower Gorge dowmnstiieensect using the above validation
velocities only differed from the actual discharlgased on gage readings, by 0.1 %.

RIVER2D Model Simulation Flow Runs

Two of the three lowest simulation flow run cdgélfor Lower Renshaw, where the net Q was
greater than 1%, were still considered to haveallstsolution since the net Q was not changing
and the net Q in all cases was less than 5%. mpaason, the accepted level of accuracy for
USGS gages is generally 5%. Thus, the differeet@dren the flows at the upstream and
downstream boundary (net Q) is within the sameeasgthe accuracy for USGS gages, and is
considered acceptable. In the case of the Lowesliav lowest flow production cdg file, where
the net Q significantly exceeded the 5% level, wesader that a level of uncertainty applies to
results for that production file. We attribute thigh net Q in this case to an eddy that the model
generated at the downstream boundary (Figure 118 .likely that we could have reduced the
net Q for this file by adding a downstream exten®iato the hydraulic model.

18 For areas with transverse flow, this would resulthe 2-D model appearing to over-
predict velocities even if it was accurately prédig the velocities.
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Figure 13. Velocity vectors (black arrows) near the downstream boundary (right side of
figure) of Lower Renshaw site at 50 cfs. An eddy (velocity vectors going upstream) is
shown in the middle of the boundary. Blue lines denote water’'s edge — at this flow,
there were several exposed gravel/cobble bars in the channel at this location.

Although a majority of the simulation flow files thédMax Froude values that exceeded 1, we
considered these production runs to be acceptatde the Froude Number was only greater than
1 at a few nodes, with the vast majority of theaasgthin the site having Froude Numbers less
than 1. Again, as described in RIVER2D Model Qalilton discussion, these nodes were located
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either at the water’s edge or where water depthextemely shallow, typically approaching
zero. A high Froude Number at a very limited numifenodes at water’s edge or in very
shallow depths would be expected to have an infsgnit effect on the model results.

Habitat Quitability Criteria (HSC) Data Collection

Substrate embeddedness data were not collecteddeettee substrate adjacent to all of the redds
sampled was predominantly unembedded. The stéaslycbnditions increased the likelihood

tha the measured depths and velocities were the aamresent during redd construction. In
addition, for the 2004 and 2005 data, the Red BDifice staff were conducting spawning
surveys approximately every 2 weeks and thus atysreneasured were constructed within the
last 2 weeks, further increasing the likelihood ttemeasured depths and velocities were the
same as those present during redd constructioB006, almost all of the redd measurements
were made just over 2 weeks after the beginnirtefall-run Chinook salmon spawning period
(October 1), again further increasing the likeliddbat the measured depths and velocities were
the same as those present during redd construction.

Habitat Quitability Criteria (HSC) Devel opment

It should be noted that the regressions for depthvalocity were fit to the raw occupied and
unoccupied data, rather than to the frequencydpiatos shown in Figures 6 to 8. In general, the
fall-run Chinook salmon final depth and velocityteria track the occupied data, but drop off
slower than the occupied data due to the frequehtlye unoccupied data also dropping over the
same range of depths and velocities. ThedRies in Table 9 in general reflect the largeréeg

of overlap in occupied and unoccupied depths atmtites, as shown in Figures 6 to 8. In
particular, except for low velocities, the frequgnistributions of occupied and unoccupied
velocities were almost identical, resulting in tielogically unrealistic logistic regression curve
shown in Figure 6. The optimal velocity for spamgshould be at intermediate velocities, since
bioenergetic considerations and physical abilibieadult salmonids will limit the maximum
velocity used for spawning, while requirementsha tleveloping eggs and larvae for sufficient
intragravel velocities will set a lower limit onelvelocity used for spawning (Gard 1998).
Accordingly, criteria that predict optimum suitatyilat the highest velocities (as shown in Figure
6) are biologically unrealistic. We conclude isthase that the logistic regression technique
could not be used to develop velocity criteria lnseaof the almost identical frequency
distribution of occupied and unoccupied velocitiekwever, the logistic regression for velocity
clearly demonstrated that the use of higher veexc{igreater than 2 ft/sec (0.61 m/sec)) was
significantly constrained by the limited availatyilof these higher velocities. Specifically, the
substantial divergence of the logistic regressimve and use data for velocities greater than 2.5
ft/sec (0.76 m/sec) indicates that use was sigmtig constrained by availability. Accordingly,
criteria solely based on use data would signifigaumderestimate the preference of spawning
fall-run Chinook salmon for velocities greater thaft/sec (0.61 m/sec). Since we were unable
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to use a logistic regression to develop the vejamiteria, modifying the upper end of the use-
based criteria to increase the suitability of fastenditions was the only method we had
available to correct for the effect of low availlgiof faster conditions, as shown by the logistic
regression.

Low R? values are the norm in logistic regression, paldity in comparison with linear
regression models (Hosmer and Lemeshow 2000).Rfkalues in this study were significantly
lower than those in Knapp and Preisler (1999), Gatial. (2000) and Guay et al. (2000), which
had R values ranging from 0.49 to 0.86. We attributs tlifference to the fact that the above
studies used a multivariate logistic regressioncwimcluded all of the independent variables. It
would be expected that the proportion of variafiRev@lue) explained by the habitat suitability
variables would be apportioned among depth, vel@rtd substrate. For example, McHugh and
Budy (2004) had much lower*Ralues, in the range of 0.13 to 0.31, for logistigressions with
only one independent variable.

The logistic regressions clearly showed that thes a significant influence of depth and
velocity on use or nonuse with the range of ovémilag conditions, since the p-values for the
logistic regressions and the p-values for the iiddial terms of the logistic regressions were all
less than 0.05. Accordingly, we conclude that Hegotd velocity do not act as boundary
conditions for use given that all other spawningditions are suitable (i.e., substrate
composition, permeability, and intragravel veloes). Binary criteria are generally
biologically unrealistic — they either overestimahe habitat value of marginal conditions
if the binary criteria are broadly defined (for exale, setting suitability equal to 1.0 for
any depths and velocities where the original H3ugavas greater than 0.1) or completely
discount the habitat value of marginal conditio$e latter case would be biologically
unrealistic since many redds would be in areas wkiould be considered completely
unsuitable from the binary criteria.

The rapidly decreasing suitability of the initiallfrun depth criteria for depths greater than 1.1
feet (0.34 m) was likely due to the low availalilif deeper water with suitable velocities and
substrates in Clear Creek at the spawning flowserahan a selection by fall-run Chinook
salmon of only shallow depths for spawning.

Figures 14 to 16 compare the two sets of HSC flumdtudy. In general, steelhead/rainbow
trout selected deeper conditions with a narrowegeaof velocities and smaller substrates than
fall-run Chinook salmon. We attribute the fasteloeities and larger substrates selected by fall-
run Chinook salmon to the larger adult size offaft Chinook salmon, versus
steelhead/rainbow trout. Bioenergetic considenatiand physical abilities of adult salmonids
will limit the maximum velocity used for spawninghile requirements of the developing eggs
and larvae for sufficient intragravel velocitiedlget a lower limit on the velocity used for
spawning (Gard 1998). lItis logical that Chinoakison, with larger body sizes, could construct
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Figure 14. Comparison of depth HSC from this study. These criteria indicate that

steelhead/rainbow trout selected deeper conditions than fall-run Chinook salmon.
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Figure 15. Comparison of velocity HSC from this study. These criteria indicate that fall-
run Chinook salmon selected a wider range of velocities than steelhead/rainbow trout.
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Figure 16. Comparison of substrate HSC from this study. These criteria indicate that
steelhead/rainbow trout selected smaller substrates than fall-run Chinook salmon.

redds in faster conditions and with larger substsates, than the smaller steelhead/rainbow
trout. Similarly, the larger egg size of Chino@ltnrson would require higher intragravel
velocities, versus the smaller eggs of steelheiadhoav trout. This would translate to Chinook
salmon constructing their redds in faster condgiand with larger substrate sizes than
steelhead/rainbow trout. We attribute the widegeaof velocities selected by fall-run Chinook
salmon also to the larger population size of fall-Chinook salmon, versus steelhead/rainbow
trout; with a larger population size, it is likelyat some of the fall-run were forced to use less-
optimal conditions, while the steelhead/rainbowutreere able to use only more optimal
conditions since there was less competition fongrag habitat.

Figures 17 to 19 compare the fall-run Chinook salrmateria from this study with fall-run
Chinook salmon criteria from other studies. Fgotteand velocity, we compared the criteria
from this study with criteria developed on Battlee€k (Vogel 1982) and those used on the
Feather River (California Department of Water Reses 2004); these were the only other
criteria we were able to identify, other than thesehave developed, which were from the
northern portion of the Sacramento Valley. The &d3982) criteria were also used on a
previous instream flow study on Clear Creek (Catifa Department of Water Resources 1985).
We also compared the depth and velocity criterth Wiose from Bovee (1978), since these
criteria are commonly used in instream flow studisseference criteria. For substrate, we were
limited to comparing the criteria from this studydriteria we had developed on other studies,
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Figure 17. Comparison of fall-run Chinook salmon depth HSC from this study with
other fall-run Chinook salmon spawning depth HSC. The criteria from this study show
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Figure 18. Comparison of fall-run Chinook salmon velocity HSC from this study with
other fall-run Chinook salmon spawning velocity HSC. The criteria from this study show
non-zero suitability extending to higher velocities than the criteria from other studies.
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Figure 19. Comparison of fall-run Chinook salmon substrate HSC from this study with
other fall-run Chinook salmon spawning substrate HSC.

due to the unique substrate coding system we ugéglcompared the fall-run Chinook salmon
spawning criteria from this study to those we hadeadoped for fall-run Chinook salmon on the
Sacramento River (Gard 2006) and on the AmericaerR{Gard 1998).

The fall-run Chinook salmon depth criteria fromststudy show a slower decline in suitability
with increasing depth. We attribute this to the umsthis study of the Gard (1998) method to
correct for availability, and that the other sdtsriteria underestimate the suitability of deeper
waters. The fall-run Chinook salmon velocity aiieefrom this study show a non-zero suitability
extending to higher velocities than the criter@nrother studies. We attribute this to observing
fall-run Chinook salmon redds at velocities as hagl6.3 ft/sec (1.92 m/sec), while the other
studies must not have had any redds at velocitestey than 5 ft/sec (1.52 m/sesc), the highest
velocity with non-zero suitability from any of tle¢her studies. In addition, the Vogel (1982)
criteria were based on velocities measured atdbb(D.15 m) from the substrate, rather than on
mean column velocities. The velocity at 0.5 fad@6 m) off the bottom would be expected to
be less than the mean column velocity for deptbatgr than 1.2 feet (0.37 m). As a result, the
Vogel (1982) velocity criteria are biased towarasér velocities. The fall-run Chinook salmon
spawning substrate criteria from this study aratietly similar to the criteria from other studies,
although the Clear Creek fall-run Chinook salmoovetd a much lower suitability for substrate
codes other than 1.3 and 2.4 than the fall-run @krsalmon in other streams. We conclude
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that this pattern is likely due to the greater kmlity of 1 to 3 and 2 to 4 inch (2.5 to 7.5 and
to 10 cm) substrate in Clear Creek, versus thea®amto and American Rivers, allowing the
Chinook salmon to minimize their use of other stdistclasses.

Biological Verification

The plots of combined suitability of redd locatiansAppendix L are similar to the methods used
for biological verification in Hardy and Addley (@Q0). In general, Hardy and Addley (2001)
found a better agreement between redd locationsugaasd with high suitability than we found in
this study. We attribute this difference to Haahygl Addley’s (2001) use of polygons to map
substrate. We feel that our results could have bsegood as Hardy and Addley’s (2001) if we
had mapped substrate polygons using a total stati®@TK GPS.

The statistical tests used in this report for lyadal verification differ from those used in Guay
et al. (2000). In Guay et al. (2000), biologicatification was accomplished by testing for a
statistically significant positive relationship eten fish densities, calculated as the number of
fish per area of habitat with a given range of tatlsuitability (i.e. O to 0.1), and habitat qualit
indexes. We were unable to apply this approac¢hignstudy because of the low number of redds
and low area of habitat with high values of halgtaality. As a result, the ratio of redd numbers
to area of habitat for high habitat quality valeasibits significant variation simply due to
chance. Both the number of redds and amount ofdtatt high values of habitat quality is quite
sensitive to the method used to calculate combsaddbility. When combined suitability is
calculated as the product of depth, velocity arussate suitability, as is routinely done in
instream flow studies, there will be very low amtsuof high habitat quality values. For
example, if depth, velocity and substrate all havegh suitability of 0.9, the combined
suitability would be only 0.7. In contrast, Gudyak (2000) calculated combined suitability as
the geometric mean of the individual suitabilities; the above example, the combined
suitability calculated as a geometric mean woul@ Se

We did not use a parametric test to determine venetie combined suitability predicted by
River2D was higher at occupied than unoccupiedtioea because the assumption of normality
of parametric tests was violated, as shown in Eidu, indicating the need to use nonparametric
tests. Nonparametric statistical methods wereqpate to use with the large, unbalanced
sample size of this study to reduce type Il errsirsce unoccupied depths, velocities and
substrates have a much greater range of valueotitaipied depths, velocities and substrates.
Analogously, Thomas and Bovee (1993) found thatramum of 55 occupied and 200
unoccupied locations were required to reduce typerdrs. We view the biological verification

as successful because there was a greater stytétnloccupied versus unoccupied locations,
which has the biological significance that fish preferentially selecting locations with higher
suitability. The successful biological verificatiin this study increases the confidence in the use
of the flow-habitat relationships from this study fisheries management in Clear Creek.
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Habitat Smulation

There was some variation from site to site in tbevfhabitat relationships shown in Appendix

K. For example, the maximum habitat for fall-ruhi@ok salmon spawning ranged from 250
cfs for Shooting Gallery to 450 cfs for Lower Gorg&/e attribute these differences to variations
in the cross-sectional profiles at the study sit®sooting Gallery, which was relatively shallow,
had the smallest cross-sectional profile and tlagsdptimal velocities at a lower flow than

Lower Gorge, which was much deeper and thus halthtbest cross-sectional profile. The
overall flow-habitat relationships, as shown in&gs 11 and 12, capture the inter-site variability
in flow-habitat relationships by summing the amoaoihabitat for all of the sites within the
Lower Alluvial segment.

An earlier study (California Department of WatersBerces 1985) also modeled fall-run
Chinook salmon and steelhead spawning habitatearGTreek between Whiskeytown Dam and
the confluence with the Sacramento River for flaig0 to 500 cfs. A representative reach
approach was used to place transects, insteadyoplacing sites for spawning in heavy
spawning-use areas. PHABSIM was used to modetdtalyistead of two-dimensional models.
As shown in Figures 20 and 21, the results from shudy predict smaller amounts of habitat at
all flows and a peak amount of habitat at the sanstightly higher flows than the California
Department of Water Resources (1985) study. Tiierdnce between studies in the flow with
the peak amount of habitat varied by species. diffierences between the results of the two
studies can primarily be attributed to the follogiinl) the California Department of Water
Resources (1985) study used HSC generated onlydsendlata, as opposed to the criteria
generated with logistic regression in this stugyth2 California Department of Water Resources
(1985) study did not apply the method used indyport for correcting depth HSC for
availability; 3) sites for the California Departniexi Water Resources (1985) study were placed
using a representative reach approach, as opposedytplacing sites in high-spawning-use
areas, as was employed in this study; and 4) ta@uUBHABSIM 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 @desources (1985) study were slightly biased
towards lower flows, since the HSC, generated @iy use data and without correcting depth
HSC for availability, were biased towards slowed ahallower conditions. We conclude that
the difference in criteria are responsible for naighe differences between the two studies. We
attribute the remainder of the difference betwéentivo studies to a combination of using 2-D
versus PHABSIM and modeling only high-use spawmireas. Using a representative reach-
based approach for modeling spawning habitat faitake into account salmonids’ preference
for spawning in areas with high gravel permeab{lityverberg et al 1996), while having sites
only in high-use spawning areas indirectly takés account preference for high gravel
permeability (Gallagher and Gard 1999). The assioms that high-use spawning areas have
high gravel permeability since salmonids are sglgdhese areas for spawning. We attribute the
difference in magnitude of the results from thisdstversus California Department of Water
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Figure 20. Comparison of fall-run Chinook salmon flow-habitat relationship from this
study and the CDWR (1985) study. This study predicted less habitat at all flows and
the peak habitat at a slightly higher flow than the CDWR (1985) study.
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Figure 21. Comparison of steelhead/rainbow trout flow-habitat relationship from this
study and the CDWR (1985) study. This study predicted less habitat at all flows and
the peak habitat at the same flow as the CDWR (1985) study.
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Resources (1985) to our extrapolation to the estgment based on the percentage of the
reach’s spawning that was in the study sites, ge@alifornia Department of Water Resources
(1985) extrapolation based on use of a represeategach. We consider extrapolation based on
the percentage of the reach’s spawning that waseistudy sites to be more accurate based on
considerations of salmonids’ preference for highvgt permeability, which is taken into account
by the extrapolation approach used in this studynbt with a representative reach-based
extrapolation approach.

CONCLUSION

The model developed in this study is predictivefows ranging from 50 to 900 cfs. The results
of this study can be used to evaluate 161 diffengdtograph management scenarios (each of the
23 simulation flows in each of the 7 spawning msntdctober to December for fall-run, and
January to April for steelhead/rainbow trout). Egample, increasing flows from 200 cfs to 300
cfs in October would result in an increase of 10d#%abitat during this month for fall-run
Chinook salmon spawning in the Lower Alluvial segineBased on the conceptual model
presented in the introduction, this increase imspag habitat could decrease redd
superimposition, increasing reproductive successiwtould result in an increase in fall-run
Chinook salmon populations. Evaluation of altexeahydrograph management scenarios will
also require the consideration of flow-habitat tielaships for Chinook salmon and
steelhead/rainbow trout fry and juvenile rearingjck will be addressed in future reports. We do
not feel that there are any significant limitatiamighe model. This study supported and
achieved the objective of producing models predcthe availability of physical habitat in the
Lower Alluvial segment of Clear Creek for fall-r@hinook salmon and steelhead/rainbow trout
spawning over a range of stream flows. The resiiltsis study are intended to support or revise
the flow recommendations in the introduction (izerelease from Whiskeytown Dam of 200 cfs
from October through June and a release of 156rdfsss from July through October). The
results of this study suggest that the flow recomsiaéions in the introduction during the fall-run
Chinook salmon and steelhead/rainbow trout spawangincubation period of October-June
(200 cfs) may be close to achieving maximum halailability and productivity for spawning
fall-run Chinook salmon and steelhead/rainbow tiouElear Creek (greater than 89 % of
maximum WUA).

REFERENCES

Annear, T., . Chirholm, H. Beecher, A. Locke, Rar@stad, N. Burkhart, C. Coomer, C. Estes, J.
Hunt, R. Jacobson, G. Jobsis, J. Kauffman, J. Mélidk. Mayes, C. Stalnaker and R.
Wentworth. 2002. Instream Flows for Riverine Rese Stewardship. Instream Flow
Council, Cheyenne, Wyoming.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

49



Bartholow, J.M. 1996. Sensitivity of a salmon plgpion model to alternative formulations and
initial conditions. Ecological Modeling 88:215-226

Bartholow, J.M., J.L. Laake, C.B. Stalnaker and. $Miliamson. A salmonid population model
with emphasis on habitat limitations. Rivers 4285-279.

Bovee, K.D. 1978. Probability of use criteria tbe family salmonidae. Instream Flow
Information Paper 4. U.S. Fish and Wildlife SeeviEWS/OBS-78/07. 80 pp.

Bovee, K.D. 1986. Development and evaluationatditat suitability criteria for use in the
Instream Flow Incremental Methodology. InstreamwrInformation Paper 21. U.S.
Fish and Wildlife Service Biological Report 86(735 pp.

Bovee, K.D., editor. 1996. The Complete IFIM: Ausebook for IF 250. U.S. Geological
Survey, Fort Collins, CO.

California Department of Water Resources. 198katCreek fishery study appendix, instream
flow needs data, June 1985. California DepartroélVater Resources, Northern
District, Red Bluff, CA.

California Department of Water Resources. 200dase 2 report evaluation of project effects on
instream flows and fish habitat, SP F-16, Oroiéeilities Relicensing FERC Project
No. 2100. California Department of Water Resour&asramento, CA.

Clackamas Instream Flow/Geomorphology Subgroup@SIf 2003. Estimating salmonid
habitat availability in the lower oak grove forking expert habitat mapping, summary of
methods and preliminary results. Report prepayedBain and Trush Inc., Arcata,
California, for Clackamas Instream Flow/Geomorplggl&ubgroup, March 5, 2003.

Cohen, J. 1992. Quantitative methods in psychol@gpower primer. Psychological Bulletin
112(1): 155-159.

Crowder, D.W. and P. Diplas. 2000. Using two-dasienal hydrodynamic models at scales of
ecological importanceJournal of Hydrology230: 172-191.

Gallagher, S. P. and M. F. Gard. 1999. Relatetwben Chinook salmon (Oncorhynchus
tshawtscha) redd densities and PHABSIM predictdutétain the Merced and Lower
American Rivers, CA. Canadian Journal of Fishesied Aquatic Sciences 56: 570-577.

Gard, M. 1998. Technique for adjusting spawniagtt habitat utilization curves for
availability. Rivers: 6: 94-102.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011
50



Gard, M. 2006. Changes in salmon spawning amthgehabitat associated with river channel
restoration. International Journal of River Bagianagement 4: 201-211.

Gard, M. 2009a. Demonstration flow assessmenRaddnodeling: perspectives based on
instream flow studies and evaluation of restorapionjects. Fisheries 34(7): 320-329.

Gard, M. 2009b. Comparison of spawning habitatimtions of PHABSIM and River2D
models. International Journal of River Basin Maragnt 7:55-71.

Geist, D.R., J. Jones, C.J. Murray and D.D. DauB@00. Suitability criteria analyzed at the splati
scale of redd clusters improved estimates of falhGok salmon®ncorhynchus tshawytscha)
spawning habitat use in the Hanford Reach, ColuRRibrar. Canadian Journal of Fisheries and
Aquatic Sciences 57: 1636-1646.

Ghanem, A., P. Steffler, F. Hicks and C. Katopodi895. Two-dimensional modeling of flow
in aquatic habitats. Water Resources EngineeramgpR 95-S1, Department of Civil
Engineering, University of Alberta, Edmonton, Alteer March 1995.

Ghanem, A., P. Steffler, F. Hicks and C. Katopodi896. Two-dimensional hydraulic
simulation of physical habitat conditions in flowistreams. Regulated Rivers:
Research and Management. 12: 185-200.

Guay, J.C., D. Boisclair, D. Rioux, M. Leclerc, Mapointe and P. Legendre. 2000.
Development and validation of numerical habitat eledor juveniles of Atlantic salmon
(Salmo salar). Canadian Journal of Fisheries and Aquatic $eieb7: 2065-2075.

Hamilton, A. 1998. FLOMANN program. U.S. Fishdaw/ildlife Service: Sacramento, CA.

Hardy, T.B. and R.C. Addley. 2001. Evaluationrdérim instream flow needs in the Klamath
River, phase Il, final report. Prepared for U.&pBrtment of the Interior. Institute for
Natural Systems Engineering, Utah Water Researbbriatory, Utah State University,
Logan, Utah.

Hosmer, D.W. and S. Lemeshow. 2000. Applied LiogRegression, Second Edition. John
Wiley and Sons, Inc, New York.

Knapp, R.A. and H.K. Preisler. 1999. Is it poksiio predict habitat use by spawning
salmonids? A test using California golden tradmdgor hynchus mykiss aguabonita).
Canadian Journal of Fisheries and Aquatic Scief6e4576-1584.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

51



Leclerc M., Boudreault A., Bechara J.A. and CorfaX895. Two-dimensional hydrodynamic
modeling: a neglected tool in the instream flowa@mental methodology.ransactions
of the American Fisheries Society24: 645-662.

McHugh, P. and P. Budy. 2004. Patterns of spagvhabitat selection and suitability for two
populations of spring Chinook salmon, with an eatiin of generic verses site-specific
suitability criteria. Transactions of the Ameridaisheries Society 133: 89-97.

Milhous, R.T., M.A. Updike and D.M. Schneider. 298Physical habitat simulation system
reference manual - version Il. Instream Flow Infation Paper No. 26. U. S. Fish and
Wildlife Service Biological Report 89(16).

Pampel, F.C. 2000. Logistic regression: a prinf@uantitative Applications in the Social
Sciences 132.

Parasiewicz, P. 1999. A hybrid model — assessofgrttysical habitat conditions combining
various modeling tools. In: Proceedings of thed nternational Symposium on
Ecohydraulics, Salt Lake City, Utah.

Pasternack G.B., C.L. Wang and J.E. Merz. 200@plidation of a 2D hydrodynamic model to
design of reach-scale spawning gravel replenishimetihe Mokelumne River,
California. River Research and Applicatiar): 202-225.

Payne and Associates. 1998. RHABSIM 2.0 for D@& Window’s User's Manual. Arcata,
CA: Thomas R. Payne and Associates.

Snider, B., K. Vyverberg and S. Whiteman. 199&inGok salmon redd survey lower American
river fall 1994. California Department of Fish a@dme, Environmental Services
Division, Stream Flow and Habitat Evaluation Progr&acramento, CA. 55 pp.

Steffler, P. 2002. River2D_Bed. Bed Topograpi Editor. User's manual. University of
Alberta, Edmonton, Alberta. 32 pp. http://www.n2d.ualberta.ca/download.htm

Steffler, P. and J. Blackburn. 2002. River2D: Tavmensional Depth Averaged Model of
River Hydrodynamics and Fish Habitat. IntroductiorDepth Averaged Modeling and
User’'s Manual. University of Alberta, Edmontonpatta. 120 pp.
http://www.river2d.ualberta.ca/download.htm

SYSTAT. 2002. SYSTAT 10.2 Statistical SoftwareY S AT Software Inc., Richmond, CA.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

52



Thielke, J. 1985. A logistic regression approtxideveloping suitability-of-use functions for
fish habitat. Pages 32-38 in F.W. Olson, R.G. \&/land R.H. Hamre, editors.
Proceedings of the symposium on small hydropowerfisheries. American Fisheries
Society, Western Division and Bioengineering SettBethesda, Maryland.

Thomas, J.A. and K.D. Bovee. 1993. Applicatiod #&sting of a procedure to evaluate
transferability of habitat suitability criteria. egulated Rivers: Research & Management
8: 285-294.

Tiffan, K.E., R.D. Garland and D.W. Rondorf. 200Quantifying flow-dependent changes in
subyearling fall Chinook salmon rearing habitahgsiwo-dimensional spatially explicit
modeling. North American Journal of Fisheries Mgaraent 22: 713-726.

U.S. Fish and Wildlife Service. 1994. Using tloenputer based physical habitat simulation
system (PHABSIM). Fort Collins, CO: U.S. Fish anidlife Service.

U.S. Fish and Wildlife Service. 2000. Effectdlvé January 1997 flood on flow-habitat
relationships for steelhead and fall-run Chinodknea in the Lower American River.
U.S. Fish and Wildlife Service, Sacramento, CA.

U.S. Fish and Wildlife Service. 2001. Final reateon plan for the anadromous fish restoration
program. A plan to increase natural productioarddromous fish in the Central Valley
of California. January 9, 2001. Prepared foruh&. Fish and Wildlife Service under
the direction of the Anadromous Fish RestoratiamgPam Core Group. U.S. Fish and
Wildlife Service, Stockton, CA.

U.S. Fish and Wildlife Service. 2005. Monitoriafyrestoration projects in Clear Creek using 2-
dimensional modeling methodology. U.S. Fish antt\¥& Service: Sacramento, CA.

U.S. Fish and Wildlife Service. 2007. Flow-habrationships for spring-run Chinook salmon
and steelhead/rainbow trout spawning in Clear CbetWween Whiskeytown Dam and
Clear Creek Road. U.S. Fish and Wildlife Servi&acramento, CA.

Vogel, D.A. 1982. Preferred spawning velocit@éspths, and substrates for fall chinook salmon
in Battle Creek, California. U.S. Fish & WildlifeeBsice, Red bluff, California.

Vyverberg, K., B. Snider and R.G. Titus. 1996.wWep American river Chinook salmon
spawning habitat evaluation October 1994. CalitoBepartment of Fish and Game,
Environmental Services Division, Stream Flow andbité Evaluation Program,
Sacramento, CA. 120 pp.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

53



Waddle, T. and P. Steffler. 2002. R2D_Mesh - M@gineration Program for River2D Two
Dimensional Depth Averaged Finite Element. Intrctchn to Mesh Generation and
User’'s manual. U.S. Geological Survey, Fort Cslli@O. 32 pp.
http://www.river2d.ualberta.ca/download.htm

Williamson, S.C., J.M. Bartholow and C.B. Stalnak&®93. Conceptual model for quantifying
pre-smolt production from flow-dependent physicabitat and water temperature.
Regulated Rivers: Research and Management 8:15-28.

Yalin, M.S. 1977. Mechanics of Sediment Transp&#rgamon Press, New York.

Zar, J.H. 1984. Biostatistical Analysis, SecomitiBn. Prentice-Hall, Inc, Englewood Cliffs,
NJ.

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

54



APPENDIX A
STUDY SITE AND TRANSECT LOCATIONS
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Lower Gorge Study Site
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Lower Renshaw
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APPENDIX B
RHABSIM WSEL CALBRATION
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Stage of Zero Flow Values

Study Site XS # 1 SZF XS # 2 SZF
Shooting Gallery 94.21 98.40
Lower Gorge 95.00 95.70
Upper Renshaw 93.73 95.00
Lower Renshaw 95.30 98.20
Upper Isolation 94.20 96.70

Calibration Methods and Parameters Used

Study Site XS#  Flow Range Calibration Flows Method Parameters
Shooting Gallery 1 50-900 82, 208, 440, 739 IFG4 -- -
Shooting Gallery 2 50-900 82, 208, 440, 740 IFG4 -- -

Lower Gorge 1 50-900 83, 200, 429, 711 IFG4 ---
Lower Gorge 2 50-900 83, 200, 430, 705 IFG4 ---
Upper Renshaw 1 50-900 83.1, 196, 259, 426, 687 41FG ---
Upper Renshaw 2 50-900 83.1, 196, 259, 426, 689 41FG ---
Lower Renshaw 1 50-900 151, 424, 678 IFG4 .-
Lower Renshaw 2 50-900 151, 425, 678 IFG4 ---
Upper Isolation 1,2 50-900 92.5, 156, 189, 419, 65 IFG4 ---
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BETA %MEAN
XS COEFF. ERROR

1 2.65 0.9

BETA %MEAN
XS COEFF. ERROR

2 3.35 5.9

BETA %MEAN
XS COEFF. ERROR

1 3.19 5.87

BETA %MEAN
XS COEFF. ERROR

2 3.73 4.69

BETA %MEAN
XS COEFF. ERROR

1 3.28 3.61

BETA %MEAN
XS COEFF. ERROR

2 2.17 3.75

Shooting Gallery Study Site

Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
82 208 440 739 82 208 440 739

0.2 1.0 1.7 0.9 0.00 0.01 0.02 0.01
82 208 440 740 82 208 440 740

53 5.9 6.3 6.3 0.02 0.03 0.04 0.05

Lower Gorge Study Site

Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
83 200 429 711 83 200 429 711

5.6 6.8 5.3 5.8 0.03 0.05 0.05 0.07
83 200 430 705 83 200 430 705

3.2 1.8 7.8 5.8 0.03 0.02 0.09 0.09

Upper Renshaw Study Site

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

831 196 259 426 687 831 196 259 426 687

2.1 7.6 6.5 1.8 0.2 0.02 0.07 0.07 0.02.000

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

831 196 259 426 689 831 196 259 426 689

2.6 1.6 7.4 1.6 5.3 0.02 0.02 0.09 0.02.10
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Lower Renshaw Study Site

BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 151 424 678 151 424 678

1 2.45 4.29 2.4 6.7 3.9 0.02 0.06 0.05

BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 151 425 678 151 425 678

2 3.82 4.56 2.6 7.1 4.2 0.02 0.06 0.04
Upper Isolation Study Site

BETA %MEAN Calculated vs Given Discharge (%) Difference (measured vs. pred. WSELS)
XS COEFF. ERROR 925 156 189 419 654 925 156 189 419 654

1 3.44 3.00 111 3.18 3.87 4.48 2.42 0.01 0.02 0.03.050 0.03

2 3.95 5.31 1.76 7.83 1.67 10.38 4.99 0.01 0.06 10.00.06 0.05
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APPENDIX C
VELOCITY ADJUSTMENT FACTORS
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Velocity Adjustment Factors

Xsec 1
0.78
0.95
1.07
1.17
1.25
1.32
1.45
1.55
1.64
1.72
1.80
1.86

Velocity Adjustment Factors
Xsec 1

0.48
0.69
0.84
0.95
1.05
1.13
1.26
1.37
1.46
1.53
1.60
1.66

Shooting Gallery Study Site

Xsec 2
0.81
0.96
1.08
1.17
1.25
1.33
1.46
1.57
1.67
1.76
1.85
1.93

Velocity Adjustment

Factor

2.00

1.50

1.00

0.50

0.00

Shooting Gallery

0

Lower Gorge Study Site

Xsec 2

0.79
1.09
1.31
1.49
1.66
1.80
2.06
2.29
2.49
2.68
2.85
3.01
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Velocity Adjustment Factors

Xsec 1
0.68
0.82
0.91
0.97
1.03
1.09
1.18
1.26
1.33
1.40
1.46
1.51

Velocity Adjustment Factors

Xsec 1
1.20
1.06
1.02
1.01
1.00
1.01
1.01
1.02
1.04
1.05
1.06
1.07

Upper Renshaw Study Site

Xsec 2
2.88
1.60
1.31
1.19
1.13
1.09
1.05
1.04
1.03
1.03
1.03
1.03

Velocity Adjustment Factor

Lower Renshaw Study Site

Xsec 2
0.77
0.99
1.15
1.29
1.42
1.53
1.73
1.91
2.07
2.22
2.36
2.48
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Velocity Adjustment Factors

Xsec 1
0.96
1.06
1.14
1.22
1.29
1.36
1.47
1.58
1.67
1.76
1.84
1.92

Upper Isolation Study Site

Xsec 2
0.75
1.02
1.23
1.42
1.58
1.72
1.99
2.22
2.43
2.63
2.82
2.99
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APPENDIX D
BED TOPOGRAPHY OF STUDY SITES
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Shooting Gallery Study Site
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Lower Gorge Study Site
Upstream Section
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Lower Gorge Study Site
Downstream Section
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Upper Renshaw
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Lower Renshaw
Downstream Section
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Upper Isolation
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APPENDIX E
COMPUTATIONAL MESHES OF STUDY SITES
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Shooting Gallery Study Site
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Lower Gorge Study Site
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Upper Renshaw Study Site
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Lower Renshaw
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APPENDIX F
2-D WSEL CALIBRATION
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Calibration Statistics

Site Name % Nodes within  Nodes QI Net Q SolA Max F
0.1'

Shooting Gallery 90.1 % 12181 0.30 0.007% <.000001 3.47

Lower Gorge 79.7% 23601 0.30 0.030%  .000001 7.28

Upper Renshaw 92.1% 19174 0.30 0.021% < .000001 0.91

Lower Renshaw 89.2% 29911 0.30 0.050% < .000001 3.11

Upper Isolation 92.7% 23763 0.30 0.36% <.000001 2.44
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XSEC BR Mult
2 0.3
XSEC BR Mult
2 2.0
XSEC BR Mult
2 3.0
XSEC BR Mult
2 0.6
XSEC BR Mult
2 1.5

Shooting Gallery

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

0.05 0.03 0.10
Lower Gorge

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

1. 0.08 0.33
Upper Renshaw

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

0.02 0.01 0.03
Lower Renshaw

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

0.04 0.01 0.04
Upper Isolation

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

0.03 0.02 0.05
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APPENDIX G
VELOCITY VALIDATION STATISTICS

Site Name Number of Correlation Between Measured and
Observations Simulated Velocities
Shooting Gallery 96 0.77
Lower Gorge 92 0.85
Upper Renshaw 94 0.78
Lower Renshaw 102 0.70
90 0.90

Upper Isolation

Measured Velocities less than 3 ft/s

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

Site Name Number of Average Standard Deviation ~ Maximum
Observations
Shooting Gallery 92 0.56 0.52 2.43
Lower Gorge 85 0.34 0.25 1.15
Upper Renshaw 94 0.38 0.33 1.50
Lower Renshaw 92 0.59 0.63 2.47
Upper Isolation 78 0.2 0.32 1.37
Measured Velocities greater than 3 ft/s
Percent difference (measured vs. pred. velocities)
Site Name Number of Average Standard Deviation ~ Maximum
Observations
Shooting Gallery 4 20% 14% 35%
Lower Gorge 7 24% 15% 51%
Upper Renshaw -- -- -- --
Lower Renshaw 10 10% 7% 21%
Upper Isolation 12 16% 8% 26%

USFWS, SFWO, Restoration and Monitoring Program
Lower Clear Creek Spawning Report

January 21, 2011

86



Velocity (m's)

Velocity (m/'s)

Shooting Gallery Site X 51, Q = 82 cfs
ns

=)
(]
|
T

=
o)
|
T

on t t t t t t t
369 371 373 373 377 379 381 383 382
Horthing {m}

— -0 Simulated Velocities — Measured Velocities

Shooting Gallery Site X552, Q= 82 cfs

10
08
048
0.3 4
DD T T T T T T T
345 348 351 354 357 360 363 366 369
Horthing {mj}
—-0 Sirmulated VYelociies — Measured Velocities

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

87

Simulated velocity (mis)

Simulated Velocity (mes)

Shooting Gallery Study Site
Between Transectvelocities

0s T.

oo

T T
05 1.0
Measured W elocity (m/s)

Shooting Gallery Study Site
Allvalidationelocities

1.4

05 +

na

t t
05 1.0
Measured Yelocity (m/s)




Lower Gorge Site 51, Q= 83 cfs
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welocity (mis)
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SIMULATION STATISTICS
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Shooting Gallery

Flow (cfs) Net Q Sol Max F
50 0.14% <.000001 1.08
75 0.19% <.000001 1.12
100 0.14% <.000001 1.28
125 0.06% <.000001 1.26
150 0.07% <.000001 1.20
175 0.06% <.000001 1.19
200 0.05% <.000001 1.14
225 0.03% <.000001 1.08
250 0.01% <.000001 3.13
275 0.01% <.000001 3.46
300 0.01% <.000001 3.71
350 0.23% <.000001 3.83
400 0.02% .000005 4.43
450 0.02% <.000001 1.92
500 0.00% <.000001 1.81
550 0.00% <.000001 1.52
600 0.02% <.000001 1.58
650 0.01% <.000001 2.54
700 0.01% <.000001 2.61
750 0.01% <.000001 3.60
800 0.01% <.000001 2.82
850 0.01% <.000001 2.93
900 0.01% <.000001 3.47
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Lower Gorge

Flow (cfs) Net Q Sol Max F
50 0.57% <.000001 1.76
75 0.38% <.000001 1.46
100 0.36% <.000001 1.20
125 0.29% <.000001 0.98
150 0.17% <.000001 1.02
175 0.18% <.000001 1.04
200 0.14% <.000001 2.55
225 0.13% <.000001 2.46
250 0.14% <.000001 2.15
275 0.09% <.000001 1.78
300 0.09% <.000001 2.66
350 0.11% <.000001 2.52
400 0.04% .000001 2.33
450 0.05% <.000001 5.38
500 0.06% <.000001 2.25
550 0.06% .000002 5.58
600 0.01% .000002 8.41
650 0.04% <.000001 9.08
700 0.04% .000002 7.53
750 0.02% <.000001 6.84
800 0.02% <.000001 17.66
850 0.28% .000008 6.75
900 0.02% .000005 11.39
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Upper Renshaw

Flow (cfs) Net Q Sol Max F
50 0.43% <.000001 1.02
75 0.29% <.000001 0.75
100 0.14% <.000001 0.86
125 0.14% <.000001 0.75
150 0.05% <.000001 2.82
175 0.04% <.000001 2.06
200 0.05% <.000001 1.50
225 0.02% <.000001 1.28
250 0.03% <.000001 1.19
275 0.04% <.000001 1.31
300 0.04% <.000001 1.67
350 0.03% <.000001 1.26
400 0.03% <.000001 0.97
450 0.02% <.000001 1.76
500 0.02% <.000001 1.65
550 0.01% <.000001 1.62
600 0.01% <.000001 1.28
650 0.02% <.000001 1.14
700 0.02% <.000001 1.04
750 0.03% <.000001 0.97
800 0.03% <.000001 0.91
850 0.02% <.000001 0.98
900 0.02% <.000001 0.99
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Lower Renshaw

Flow (cfs) Net Q Sol Max F
50 14.71% <.000001 1.40
75 4.29% <.000001 1.33
100 2.14% <.000001 2.43
125 0.66% <.000001 2.06
150 0.45% <.000001 1.98
175 0.28% <.000001 1.92
200 0.16% <.000001 1.83
225 0.08% <.000001 2.16
250 0.01% <.000001 2.58
275 0.01% <.000001 2.17
300 .05% <.000001 2.55
350 0.15% <.000001 2.39
400 0.13% <.000001 3.21
450 0.13% <.000001 3.42
500 0.11% <.000001 4.37
550 0.11% <.000001 3.57
600 0.11% <.000001 2.68
650 0.10% <.000001 2.37
700 0.09% <.000001 1.91
750 0.09% <.000001 4.85
800 0.07% <.000001 4.59
850 0.07% <.000001 4.13
900 0.05% <.000001 3.11
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Upper Isolation

Flow (cfs) Net Q Sol Max F
50 0.17% <.000001 1.33
75 0.43% <.000001 1.03
100 0.50% <.000001 1.16
125 0.29% <.000001 1.01
150 0.24% <.000001 1.02
175 0.19% <.000001 1.02
200 0.24% <.000001 1.24
225 0.17% <.000001 1.00
250 0.14% <.000001 1.67
275 0.14% <.000001 2.00
300 0.18% <.000001 2.72
350 0.10% <.000001 2.07
400 0.10% <.000001 3.64
450 0.08% <.000001 3.56
500 0.02% <.000001 2.25
550 0.01% <.000001 1.91
600 0.04% <.000001 1.60
650 0.07% <.000001 1.64
700 0.11% <.000001 1.96
750 0.10% <.000001 6.00
800 0.14% <.000001 3.86
850 0.35% <.000001 2.88
900 0.36% <.000001 2.44
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Fall-run Chinook Salmon Spawning HSC

Water Water

Velocity Sl Value Depth Sl Value
(ft/s) (ft)
0.00 0.00 0.0 0
0.09 0.00 0.4 0
0.10 0.06 0.5 0.39
0.15 0.08 0.6 0.59
0.22 0.10 0.7 0.76
0.29 0.12 0.8 0.88
0.36 0.14 0.9 0.95
0.43 0.17 1.0 0.99
0.50 0.21 1.1 1
0.57 0.24 6.7 0
0.64 0.29 100.0 0
0.71 0.33
0.78 0.38
0.85 0.43
0.92 0.48
0.95 0.50
0.99 0.53
1.06 0.59
1.13 0.64
1.20 0.70
1.27 0.75
1.34 0.80
1.41 0.84
1.48 0.88
1.55 0.92
1.62 0.95
1.69 0.97
1.76 0.99
1.83 1.00
1.97 1.00
2.04 0.99

4.15 0.50
6.31 0.00

100.00 0.00
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Substrate

Code

0

1
1.2
13
2.4
3.5
4.6
6.8
100

Sl Value

0.03
0.03

0.00



Water

Depth (ft) Sl Value

0.00
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0
11
1.2
13
14
15

28.6
100

0
0
0.16
0.26
0.38
0.51
0.64
0.75
0.85
0.92
0.96
0.99
1

o O -

Steelhead/rainbow Trout Spawning HSC

Water

Velocity Sl Value

(ft/s)
0.00

0.60
0.61
0.70
0.80
0.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90
3.00
3.10
3.20
3.30
3.40
3.50
3.60
3.70
3.80
3.89
3.90
100
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0
0
0.08
0.14
0.25
0.38
0.53
0.66
0.78
0.87
0.94
0.98
1.00
1.00
0.99
0.97
0.95
0.93
0.90
0.87
0.85
0.82
0.80
0.78
0.76
0.73
0.70
0.66
0.61
0.56
0.49
0.41
0.33
0.25
0.17
0.11

Substrate

Code
0

0.1
1
1.2
13
2.3
2.4
3.4
3.5
4.6
6.8
10
100

Sl Value

0
0
0.38
1.00
0.44
0.26
0.07
0.06
0.04
0.01



APPENDIX J
RIVER2D COMBINED SUITABILITY OF REDD LOCATIONS
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SHOOTING GALLERY STUDY SITE
FALL-RUN CHINOOK SALMON SPAWNING, FLOW = 202 CFS

Combined Suitability
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LOWER GORGE STUDY SITE
FALL-RUN CHINOOK SALMON SPAWNING, FLOW = 195 CFS

Combined Suitability
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UPPER RENSHAW STUDY SITE
FALL-RUN CHINOOK SALMON SPAWNING, FLOW = 187 CFS
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LOWER RENSHAW STUDY SITE
FALL-RUN CHINOOK SALMON SPAWNING, FLOW = 186 CFS
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UPPER ISOLATION STUDY SITE
FALL-RUN CHINOOK SALMON SPAWNING, FLOW = 184 CFS
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APPENDIX K
HABITAT MODELING RESULTS
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Fall-run Chinook Salmon spawning WUAZ3fin Lower Alluvial Segment

Flow Shooting Lower Upper Lower Upper Total
(cfs) Gallery Gorge Renshaw Renshaw Isolation

50 2,583 3,909 5,032 21,851 7,325 78,145

75 3,067 5,608 6,783 30,376 9,900 107,008
100 3,477 6,915 8,270 37,254 11,894 130,194
125 3,861 7,866 9,513 43,561 13,885 151,079
150 4,171 8,630 10,492 48,933 15,769 168,950
175 4,473 9,356 11,324 53,862 17,793 185,871
200 4,663 9,969 11,883 57,038 19,418 197,705
225 4,754 10,466 12,239 59,287 20,742 206,377
250 4,757 10,861 12,475 60,730 21,808 212,410
275 4,724 11,141 12,583 61,516 22,550 216,026
300 4,667 11,377 12,604 61,828 23,002 217,880
350 4,540 11,700 12,465 61,343 23,261 217,553
400 4,440 11,808 12,131 59,901 22,938 213,538
450 4,294 11,862 11,743 57,963 22,270 207,615
500 4,038 11,851 11,248 55,520 21,334 199,662
550 3,804 11,808 10,764 53,141 20,419 191,877
600 3,582 11,733 10,321 50,784 19,483 184,133
650 3,370 11,614 9,878 48,448 18,589 176,448
700 3,181 11,496 9,454 46,231 17,728 169,132
750 3,010 11,388 9,055 44,046 16,932 162,105
800 2,841 11,248 8,649 41,915 16,081 155,008
850 2,751 11,141 8,298 39,988 15,392 148,934
900 2,652 11,130 7,964 38,222 14,703 143,371
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Steelhead/rainbow Trout Spawning WUA)fin Lower Alluvial Segment

Flow Shooting Lower Upper Lower Upper Total
(cfs) Gallery Gorge Renshaw Renshaw |solation

50 320 955 1,536 5,214 2,102 12,963

75 361 1,553 2,285 8,019 3,030 19,518
100 396 2,004 2,935 10,278 3,762 24,801
125 420 2,336 3,522 12,475 4,555 29,834
150 434 2,620 4,011 14,445 5,350 34,380
175 448 2,891 4,456 16,221 6,188 38,663
200 452 3,111 4,745 17,416 6,839 41,681
225 447 3,277 4,957 18,309 7,355 43,962
250 432 3,399 5,088 18,891 7,744 45,508
275 417 3,462 5,158 19,203 7,977 46,357
300 406 3,515 5,186 19,343 8,107 46,793
350 402 3,528 5,137 19,063 8,104 46,379
400 404 3,435 5,026 18,374 7,878 44,949
450 391 3,294 4,894 17,405 7,514 42,878
500 368 3,108 4,710 16,167 7,015 40,151
550 340 2,920 4,519 14,897 6,526 37,379
600 317 2,756 4,354 13,606 6,031 34,641
650 301 2,609 4,158 12,325 5,558 31,937
700 286 2,488 3,952 11,065 5,110 29,314
750 274 2,382 3,735 9,873 4,686 26,814
800 266 2,290 3,483 8,719 4,250 24,330
850 286 2,213 3,255 7,724 3,879 22,218
900 287 2,162 3,022 6,901 3,507 20,325

USFWS, SFWO, Restoration and Monitoring Program

Lower Clear Creek Spawning Report
January 21, 2011

109



