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PREFACE

The following is the Tenth Annual Progress Reploientification of the Instream Flow
Requirements for Anadromous Fish in the Streamisizvthe Central Valley of California and
Fisheries Investigations, prepared as part of geti@l Valley Project Improvement Act
(CVPIA) Instream Flow and Fisheries Investigatioms effort which began in October, 2001.
Title 34, Section 3406(b)(1)(B) of the Central \&gllProject Improvement Act, P.L. 102-575,
requires the Secretary of the Department of theriloit to determine instream flow needs for
anadromous fish for all Central Valley Project ecoliéd streams and rivers, based on
recommendations of the U.S. Fish and Wildlife Ss\(iService) after consultation with the
California Department of Fish and Game (CDFG). pumoses of this investigation are: 1) to
provide scientific information to the Service’s @ Valley Project Improvement Act Program
to be used to develop such recommendations for&eralley streams and rivers; and 2) to
provide scientific information to other CVPIA pragns to use in assessing fisheries restoration
actions. The purpose of this report is to proadaupdate on the Monitoring and Restoration
Program’s CVPIA-funded activities and accomplishiseturing the last fiscal year to interested
stakeholders. An in-depth presentation on theeast flow studies is given in the final reports
for these studies. The annual reports serve abrigports for the fisheries investigation tasks.

The field work described herein was conducted byBakard, Mark Gard, Rick Williams and
Steve Schoenberg.

Written comments or questions can be submitted to:

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, California 95825

Mark_Gard@fws.gov

Electronic versions of our final reports and presiyears’ annual reports are available on our
website:

http://lwww.fws.gov/sacramento/Fisheries/InstreamaHisheries instream-flow reports.htm

! The scope of this program was broadened in FY 2008clude fisheries
investigations. This program is a continuatioraaf-year effort, titled the Central Valley Project
Improvement Act Instream Flow Investigations, whiah from February 1995 through
September 2001.
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OVERVIEW

In response to substantial declines in anadromshgbpulations, the Central Valley Project
Improvement Act provided for enactment of all ressae efforts to double sustainable natural
production of anadromous fish stocks includingfthe races of Chinook salmon (fall, late-fall,
winter, and spring), steelhead trout, white anag&gr&turgeon, American shad and striped bass.
In June 2001, the Service’s Sacramento Fish andIfgilOffice, Energy Planning and Instream
Flow Branch prepared a study proposal to use thacess Instream Flow Incremental
Methodology (IFIM) to identify the instream flowqairements for anadromous fish in selected
streams within the Central Valley of Californiahélproposal included completing instream
flow studies on the Sacramento and Lower Americare® and Butte Creek which had begun
under the previous 7-year effort, and conductirsgream flow studies on other rivers, with the
Yuba River selected as the next river for studiBlse last report for the Lower American River
study was completed in February 2003, the finabrefor the Butte Creek study was completed
in September 2003, and the last two reports foSramento River were completed in
December 2006. In 2004, Clear Creek was selestash additional river for studies. In 2007,
the Tuolumne River was selected for a minor prajecjuantify floodplain inundation area as a
function of flow, with a final report completed August 2008. In 2008, South Cow Creek was
selected as an additional river for studies. Ih@®@he Stanislaus River was selected to perform
activities to assist the Bureau of Reclamation withducting an instream flow study. In 2011,
the following fisheries investigation tasks weréested for study: 1) Clear Creek biovalidation
— how well does IFIM compare to field observatiodsAmerican River gravel placement
monitoring; 3) American and Sacramento River areh€Creek redd dewatering monitoring;

4) Stanislaus River floodplain area versus flowSE&nislaus River floodplain restoration project
monitoring; 6) Tuolumne River Bobcat Flat monitajry) Cottonwood Creek geomorphic data
collection; 8) South Fork Cottonwood Creek fish itettassessment; 9) Yuba/Feather River
sturgeon spawning habitat suitability criteria det#lection; and 10) Clear Creek inSALMO
modeling.

The Yuba River study was planned to be a 4-yeartefhieginning in September 2001. The
goals of the study were to determine the relatignshtween stream flow and physical habitat
availability for all life stages of Chinook salm¢fall- and spring-runs) and steelhead/rainbow
trout and to determine the relationship betweesastiflow and redd dewatering and juvenile
stranding. Collection of spawning and juvenilerigg criteria data for fall- and spring-run
Chinook salmon and steelhead/rainbow trout was tetexgb by April 2004 and September 2005,
respectively. Field work to determine the relasioip between habitat availability for spawning
and juvenile rearing and streamflow for spring-auma fall-run Chinook salmon and
steelhead/rainbow trout was completed in FY 2061 2007, respectively. A draft spawning
report was completed in FY 2007 and draft rearimg) i@@dd dewatering/juvenile stranding
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reports were completed in FY 2008. In FY 2008@&@ we conducted peer and stakeholder
reviews of the three reports. In FY 2011, we issuedhat¢ final reports and response to
comments documents.

The Clear Creek study was planned to be a 5-yéant dbeginning in October 2003. The goals
of the study are to determine the relationship betwstream flow and physical habitat
availability for all life stages of Chinook salmall- and spring-run) and steelhead/rainbow
trout. There are four phases to this study basdat®life stages to be studied and the number of
segments delineated for Clear Creek from downst@ahiskeytown Reservoir to the
confluence with the Sacramento RitefThe four phases are: 1) spawning in the upper t
segments; 2) fry and juvenile rearing in the ugper segments; 3) spawning in the lower
segment; and 4) fry and juvenile rearing in thedogegment. Field work for the above four
phases was completed in FY 2005, FY 2007, FY 20@8R 2009, respectively. In FY 2007

the final report and the peer review response-tarnents document for spawning in the upper
two segments was completed. In FY 2011, with fogdirom the CVPIA Clear Creek program,
final reports and the peer and stakeholder revespanse-to-comments documents for rearing in
the upper two segments and spawning in the lowgmeat were completed. In FY 2011, we
completed hydraulic modeling for three of the fiserer segment rearing sifeasnd are in the
process of conducting the hydraulic modeling foadditional site. An additional task,

preparing a document that provides a synthesi#l tdw reports, was added in FY 2011. The
remaining work on the Clear Creek reports will benpleted in FY 2012.

The South Cow Creek study was planned to be a befemat and began in October 2008 with
habitat mapping and collection of spawning halstatability data for fall-run Chinook salmon.
In FY 2009, fieldwork was completed on one site staiited on an additional three sites to
determine the relationship between stream flow@ngical habitat availability for fry and
juvenile rearing of fall-run Chinook salmon. In 010, we completed fieldwork on the three
remaining juvenile sites, hydraulic modeling on tsves, redd mapping and an upstream
passage assessment, and completed most of thegfpmat. Due to funding cuts, the South Cow
Creek study was completed in FY 2011 with comptetdhydraulic modeling of the two
remaining sites and a final report on habitat giiyaahd quality in South Cow Creek.

2 Stakeholder review for the Yuba reports was aggsh during scoping meetings
prior to commencement of the studies.

% There are three segments: the upper alluviahseg the canyon segment, and the
lower alluvial segment. Spring-run Chinook salnspawn in the upper two segments, while
fall-run Chinook salmon spawn in the lower segnsent steelhead/rainbow trout spawn in all
three segments.

* Hydraulic modeling for another site was compldte&Y 2010.
3
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The Stanislaus River study activities conductedWS began in FY 2010 with biological
validation data collection for both spawning andrieg, and initial development of hydraulic
and habitat models for four sites. The hydrautid habitat modeling continued in FY 2011 and
will be completed in FY 2012.

Work on the fisheries investigations tasks, to mtescientific information to other CVPIA
programs to use in assessing fisheries restoratbons, in FY 2011 was as follows:

1)

2)

3)

4)

5)

6)

7)

8)

Work on the task “Clear Creek Biovalidation — howlhdoes IFIM compare to field
observations” re-started in FY 2011, with fundingn the CVPIA Clear Creek program,
after we obtained bed topography data on studydgittblom Graham Matthews and
Associates.

In FY 2011, with funding from the CVPIA Anadromokbish Restoration Program
(AFRP) and b(13) programs, we conducted post-rattor monitoring of the FY 2008
and 2010 gravel restoration projects on the AmarRe&er and assisted with the design
for the FY 2011 gravel restoration project. In E¥12, we plan to conduct post-
restoration monitoring of the FY 2011 gravel reatmm project and collect data to be
used for the next American River gravel project.

In FY 2011, we conducted redd dewatering monitodndghe Sacramento and American
Rivers for the CVPIA b(2) program, and determinkeel ¢ffectiveness of the use of b(2)
water on the Sacramento and American Rivers anar Cleeek in preventing redd
dewatering. This activity will be continued in 2012.

We conducted the first phase of the StanislausrRlivedplain area versus flow task in
FY 2011 with funding from the Comprehensive Assessnand Monitoring Program.
We will conduct the remaining phases of the StansRiver floodplain area versus flow
task in FY 2012 with funding from AFRP.

In FY 2011, we collected topographic data and gdsuathed LIDAR data for the
Stanislaus River Two-Mile Bar project and collecped-and post-restoration data for the
Stanislaus River Lancaster Road project. In FY220d& will be collecting post-
restoration data on the Stanislaus River Lanc&ad and Honolulu Bar projects.

In FY 2011, we collected pre-restoration data fier Tuolumne River Bobcat Flat
project. In FY 2012, we will be collecting possteration data for the Tuolumne River
Bobcat Flat project and modeling pre- and posterasibn habitat to determine the
guantity of fall-run Chinook salmon spawning andrneg habitat created by the Bobcat
Flat project.

In FY 2011, we collected topographic data for th@lB (Anderson Cottonwood
Irrigation District) siphon restoration project @ottonwood Creek to assess the effect of
high flows. This activity will be continued in FX012, along with collection of
geomorphic data and quantification of the amountieénile rearing habitat in
Cottonwood Creek.

In FY 2011, we conducted an assessment of adutgspun Chinook salmon holding
habitat and upstream passage on South Fork Cottmh®ceek. We will be conducting
a similar study on North Fork Cottonwood Creek YWZ012.



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

9) In FY 2011, we collected habitat suitability crieefor green sturgeon spawning on the
Yuba River just downstream of Daguerre Dam. Thts/dy will be conducted for other
locations on the Yuba and Feather Rivers in FY 2012

10)In FY 2011, with funding from the CVPIA Ecosystemda/Nater System Operations
Modeling program, we conducted beta testing ofitSALMO software as applied to
Clear Creek.

Progress on many of these tasks was hampered Iygihnéows in Central Valley rivers in FY
2011, as detailed below. The following sectionmsiarize project activities between October
2010 and September 2011.

YUBA RIVER

Habitat Simulation
Chinook salmon and steelhead/rainbow trout spawning

A draft report and response to peer review commaotsment was completed in FY 2007. In
FY 2007, we sent out the draft report to interegtadies for review and comment prior to
finalizing the report. This review by interesteatjies was in response to commitments made by
the Service during the initial planning meetingshvihose interested parties. This is the first of
the CVPIA instream flow reports to be reviewedhistmanner. In FY 2008 and 2009, we
conducted a series of meetings with stakeholdga deng the draft report. In response to
comments received at these meetings, we completed 2009 a habitat modeling and
biological verification sensitivity analysis. Tkensitivity analysis included different methods
for developing criteria (density-based criteriajfestent methods of calculating habitat
(geometric mean), and alternative criteria (speaily steelhead/rainbow trout spawning criteria
that we developed on Clear Creek). In FY 2009¢camapleted a response-to-comments
document for the stakeholder review of the spawsingy report and revisions to the draft
spawning report stemming from the stakeholder mevié second peer review and a final report
on flow-habitat relationships for spawning and teégponse-to-comments document were
completed in FY 2010 and the final report (U.Shrasd Wildlife Service 2010a) and response
to comments document were issued on December 2D, 20

Juvenile Chinook salmon and steelhead/rainbow trout rearing

Computation of spring/fall-run Chinook salmon atekethead/rainbow trout fry and juvenile
rearing habitat over a range of discharges was ketpfor all juvenile rearing sites in FY

2008. The draft report was completed in FY 2008. We #aistdraft report out for concurrent
stakeholder and peer review in FY 2009. Peer veuiesponse-to-comments document and a
final report on flow-habitat relationships for rey were completed in FY 2010 and the final
report (U.S. Fish and Wildlife Service 2010b) aadponse to comments document were issued
on December 22, 2010.
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Chinook salmon and steelhead/rainbow trout juvenile stranding and redd dewatering

A draft report was completed in FY 2008. We sérd traft report out for concurrent
stakeholder and peer review in FY 2009. The fiepbrt (U.S. Fish and Wildlife Service 2010c)
and response to comments document were completéd #010 and were issued on December
22, 2010.

CLEAR CREEK

Hydraulic M odel Construction and Calibration
Fall-run Chinook salmon and steelhead/rainbow trout rearing (Lower Alluvial Segment)

We completed hydraulic model construction for 8iin FY 2011, after we received additional
bed topography data from Graham Matthews and Aatesci We completed production runs for
three of the study sites in FY 211We intend to complete calibration and productioms of

Site 3B in FY 2012.

Habitat Simulation

Juvenile spring-run Chinook salmon and steelhead/rainbow trout rearing (Upper Alluvial and
Canyon Segments)

In FY 2010, as requested by the Red Bluff Fish\afildlife Office, we distributed a draft report
on 2-D modeling of the spring-run Chinook salmod ateelhead/rainbow trout rearing in the
Upper Alluvial and Canyon segments to interestatiggafor comment in addition to peer
review, as was done with the Yuba River Study respoin FY 2011, we completed the peer
review of the draft report and issued a final réorS. Fish and Wildlife Service 2011a) and
response to comments document.

Fall-run Chinook salmon and steelhead/rainbow trout spawning (Lower Alluvial Segment)

We completed the hydraulic model production rumsafbfive study sites over the range of
simulation discharges, computed fall-run Chinodiknem and steelhead/rainbow trout spawning
habitat over a range of discharges for the fivevgiiag sites and completed a draft report in FY
2009. A peer and stakeholder review of the degibrt was completed in FY 2010. A final

report (U.S. Fish and Wildlife Service 2011b) aadponse to comments document was issued in
FY 2011.

®> We had completed production runs for an additisitelin FY 2010.
6
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Fall-run Chinook salmon and steelhead/rainbow trout rearing (Lower Alluvial Segment)

In FY 2011, we computed fall-run and spring-runri@uk salmon and steelhead/rainbow trout
rearing habitat over a range of discharges fofitteespawning sites. We will compute fall-run
and spring-run Chinook salmon and steelhead/rairtbawt rearing habitat over a range of
discharges for the five rearing sites and issu# dral final reports in FY 2012.

SOUTH COW CREEK

Hydraulic Model Construction and Calibration
Juvenilefall-run Chinook salmon rearing

The topographic data for the 2-D model (contaimeddd files) is first processed using the
R2D_Bed software, where breaklines are added tusea smooth bed topography. The
resulting data set is then converted into a contjmnal mesh using the R2D_Mesh software,
with mesh elements sized to reduce the error ingb@dations resulting from the mesh-
generating process to 0.1 foot where possible ngilre computational constraints on the number
of nodes. The resulting mesh is used in River2Birtulate depths and velocities at the flows to
be simulated. The Physical Habitat Simulation (B$#\) transect at the outflow end of each
site is calibrated to provide the water surfaceaien (WSEL) at the outflow end of the site
used by River2D. The PHABSIM transect at the mflend of the site is calibrated to provide
the water surface elevations used to calibrat®iier2D model. The initial bed roughnesses
used by River2D are based on the observed subsizateand cover types (Tables 1 and 2). A
multiplier is applied to the resulting bed roughsess with the value of the multiplier adjusted so
that the WSEL generated by River2D at the inflowt ehthe site match the WSEL predicted by
the PHABSIM transect at the inflow end of the $it€he River2D model is run at the flows at
which the validation data set was collected, whin dutput used to determine the difference
between simulated and measured velocities, delpéaselevations, substrate and cover. The
River2D model is also run at the simulation flowsise in computing habitat.

PHABSIM calibration and construction and calibratwf the 2-D hydraulic model was
completed for all four sites and running the pradurcruns for the simulation flows was
completed for two of the four sites in FY 2010. eTgroduction runs for the simulation flows for
the remaining two sites were completed in FY 2011.

® This is the primary technique used to calibrateRher2D model.
7
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Table 1
Substrate Descriptors and Codes

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

Habitat Simulation
Juvenilefall-run Chinook salmon rearing

Using the fall-run Chinook salmon fry and juveniaring HSC developed for the Lower
Alluvial Segment of Clear Creek, fall-run Chinoadreon fry and juvenile rearing habitat were
computed over a range of discharges for the faanng sites in South Cow Creek. Completion
of this phase of the study occurred in FY 2011. aMmpleted draft and final (U.S. Fish and
Wildlife Service 2011c) reports on the 2-D modglof fall-run Chinook salmon juvenile
rearing in South Cow Creek in FY 2011.
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Table 2
Cover Coding System

Cover Category Cover Code
No cover 0.1
Cobble 1
Boulder 2
Fine woody vegetation (< 1" diameter) 3
Fine woody vegetation + overhead 3.7
Branches 4
Branches + overhead 4.7
Log (> 1' diameter) 5
Log + overhead 5.7
Overhead cover (> 2' above substrate) 7
Undercut bank 8
Aquatic vegetation 9
Aguatic vegetation + overhead 9.7
Rip-rap 10

STANISLAUSRIVER

Hydraulic M odel Construction and Calibration

Fall-run Chinook salmon and steelhead/rainbow trout rearing

The topographic data used for the four sites inmilidtal station data collected by the Bureau of
Reclamation, as well as previously collected LiDbtection And Ranging (LIDAR) and Sound
Navigation And Ranging (SONAR) data. The LIDAR é®@dNAR data was also used to
develop the topography for a two to four-channedttviupstream extension for the Horseshoe,
Valley Oak and McHenry sites. Since SONAR dataewest available for the Two-Mile Bar

site, an artificial one-channel-width upstream egten was used, based on the cross-sectional
profile at the upstream end of the site. The togplgic data for the 2-D model (contained in bed
files) is first processed using the R2D_Bed sofeyarhere breaklines are added to produce a

9
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smooth bed topography. The resulting data séeis tonverted into a computational mesh
using the R2D_Mesh software, with mesh elemenexddia reduce the error in bed elevations
resulting from the mesh-generating process todbiwhere possible, given the computational
constraints on the number of nodes. The resuftiagh is used in River2D to simulate depths
and velocities at the flows to be simulated.

The PHABSIM transect at the outflow end of each siais calibrated to provide the WSEL at
the outflow end of the site used by River2D fomffoup to two and half times the highest flow at
which WSELs were measured. For higher flows, up,@®0 cfs, the River2D depth-unit
discharge relationship was used for the downstrieaumdary condition. Parameters for this
relationship were determine by comparing WSELs &ed by River2D at the downstream
boundary with the WSELSs simulated by PHABSIM at tinghest measured flow and the highest
flow simulated using the PHABSIM-predicted WSELftek the parameters were determined, a
log-log regression of the parameters versus flow used to determine the value of the
parameters for the higher simulation flows.

The PHABSIM transect at the inflow end of the sstealibrated to provide the water surface
elevations used to calibrate the River2D modele ifitial bed roughnesses used by River2D are
based on the observed substrate sizes and cowsr. typmultiplier is applied to the resulting

bed roughnesses, with the value of the multipligusted so that the WSEL generated by
River2D at the inflow end of the site match the VI Siedicted by the PHABSIM transect at the
inflow end of the site The River2D model is run at the flows at whibk validation data set

was collected, with the output used to determieedifference between simulated and measured
velocities, depths, bed elevations, substrate amdrc The River2D model is also run at the
simulation flows to use in computing habitat.

The bed files and computational meshes for twdeffour sites were completed in FY 2010. In
FY 2011, hydraulic models were constructed fortthe remaining sites and calibration was
complete for all four sites for the low flow ranged for three sites for the high flow range.
Hydraulic simulations were completed for one sitd aompleted for the low flow range for the
remaining three sites in FY 2011. Hydraulic caltion and simulations will be completed in FY
2012.

Habitat Simulation
Juvenilefall-run Chinook salmon and steelhead/rainbow trout rearing
Using the fall-run Chinook salmon and steelheadlaiv trout fry and juvenile rearing HSC

developed for the Yuba River, fall-run Chinook saimand steelhead/rainbow trout fry and
juvenile rearing habitat were computed over a rayfgiischarges for the four rearing sites in the

" This is the primary technique used to calibrateRher2D model.
10
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Stanislaus River. Habitat was computed for flowda1,500 cfs in FY 2011 and will be
computed for the remaining simulation flows up 100® cfs in FY 2012. The resulting flow-
habitat relationships will be presented in the P42 annual report.

FISHERIESINVESTIGATIONS

Clear Creek Biovalidation
Methods

This task had the following six subtasks: 1) core@008 juvenile habitat use to juvenile
Combined Suitability Index (CSI); 2) compare 200%gnile habitat use to juvenile CSI,

3) compare 2007 Spawning Area Mapping (SAM) to &@dl; 4) compare 2008 SAM to adult
CSI; 5) after building fall-run Chinook salmon é#tderiteria from unoccupied locations in
model, rerun earlier analysis comparing SAM and; @8l 6) review statistical approach for
these. The juvenile habitat use and spawningraeggping data were supplied by the Red Bluff
Fish and Wildlife Office. Discussions during FY@Dnarrowed the scope of this work to
examining data from restoration sites 3A and 3Bl @lues for site 3B will be computed from
the River2D model developed for the Clear CreekIBtudy. CSI values for site 3A will be
computed from a River2D model that will be develbpsing: 1) bed topography data
previously collected by Graham Matthews and Asdesi&?) substrate and cover polygon
mapping that the Energy Planning and Instream Boanch conducted in FY 2009; and 3)
transect data collected by the Energy Planninglastdteam Flow Branch in FY 2009.

Results

Transect and substrate and cover polygon dataeeengleted in FY 2009. The substrate and
cover polygon data were used to assign substmater @and bed roughness values to each of the
bed topography data points previously collecte@bgham Matthews and Associates.
Hydraulic models were constructed using the santéade described above for South Cow
Creek. We completed hydraulic modeling construrctar the 3A study site in FY 2011 after we
obtained the bed topography data previously catebty Graham Matthews and Associates.
After we have completed the hydraulic modelinglwaliion and habitat simulation for the 3A
and 3B study sites, we will be able to completefitts five subtasks. The sixth subtask was
completed in FY 2009 by Western Ecosystems Teclgyolmc. under a Cooperative Agreement
funded by the Energy Planning and Instream Flown&mna We plan to complete this entire task
in FY 2012, with results to be presented in theZB{2 annual report.

11
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American River Gravel Placement Monitoring
Methods

The purpose of this task was to collect data teebgvpost-restoration hydraulic and habitat
models of sites where gravel was placed in the AgaerRiver in 2008, at Sailor Bar and 2010,
above Sunrise Bridge. The purpose of the modétsgsiantify the amount of spawning and
rearing habitat that was created by the restorgiiojects. The post-restoration topography data
for the 2010 site was also used to design the g@dvel placement site. High flows in 2006
resulted in downcutting of the main stream riveauaiel at the upstream end of an island
downstream of the 2010 site. As a result, a Sidecel that used to flow at a total American
River flow of 800 cfs no longer had flow until thetal American River flow reached an
estimated 3,200 cfs. The 2010 and 2011 graveepiaat designs consisted of both placement
of spawning-sized material upstream of the islandréate spawning habitat, and placement of
larger material in the downcut main channel locatmraise the water surface at this location, so
that the side channel would once again flow at loamerican River flows. We used
topographic, substrate and cover data we collantédf 2010 at the placement locations,
together with the remaining topographic data ctdéen FY 2011, to develop pre-restoration
hydraulic and habitat models to quantify how mugavening and rearing habitat was created by
the 2010 gravel placement. We collected data 682hmediately after the construction of the
2008 site to develop a hydraulic and habitat mofléhis site. This model will be used, together
with the data collected this year for the 2008 aitd information on changes in water surface
elevations at the vicinity of the 2008 site assteclavith construction of the 2009 gravel site
(downstream of the 2008 site), to quantify the geaim spawning habitat at the 2008 site
associated with construction of the 2009 site dfetts of high flows since construction of the
2008 site. Data is not available to model the amof spawning habitat present at the 2008 site
prior to construction; the amount of spawning hattjiiresent prior to construction is thought to
be minimal, based on aerial redd surveys priol0@82John Hannon, USBR, personal
communication).

A PHABSIM transect was placed at the upstream awehdtream end of each study site. The
downstream transect was modeled with PHABSIM tw/ijoi®water surface elevations as an
input to the 2-D model. The upstream transectwsasl in calibrating the 2-D model - bed
roughnesses are adjusted until the water surfasgatebn at the top of the site matches the water
surface elevation predicted by PHABSIM. Transews fheadpins and tailpins) were marked on
each river bank above the 7,000 cfs water surawd Lising rebar driven into the ground and/or
lag bolts placed in tree trunks. Survey flaggiraswsed to mark the locations of each pin.
Vertical benchmarks were established at eachs#ernve as the vertical elevations to which all
elevations (streambed and water surface) wereered. Vertical benchmarks consisted of lag
bolts driven into trees. In addition, horizontahiochmarks (rebar driven into the ground) were
established at each site to serve as the horizimagions to which all horizontal locations
(northings and eastings) were referenced. Thaggeorthing and easting coordinates and
vertical elevations of two horizontal benchmarksevestablished for each site using survey-
grade Real Time Kinematic (RTK) Global Positionfgstem (GPS). The elevations of these

12
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benchmarks were tied into the vertical benchmarkewr sites using differential leveling. The
data collected on the upstream and downstreameittimecluded: 1) water surface elevations
(WSELs), measured to the nearest 0.01 foot (0.00&trm minimum of three significantly
different stream discharges using standard surgegichniques (differential leveling); 2) wetted
streambed elevations determined by subtractingnéeesured depth from the surveyed WSEL at
a measured flow; 3) dry ground elevations to paattgve bank-full discharge surveyed to the
nearest 0.1 foot (0.031 m); 4) mean water columocitges measured at a mid-to-high-range
flow at the points where bed elevations were taken; 5) substrate and cover classification
(Tables 1 and 2) at these same locations and dscevdry ground elevations were surveyed.

Topographic data between the upstream and downstreandaries of the 2008 and 2010 gravel
placement sites were collected using survey-gratke &PS units or a robotic total station and
stadia rod for the dry and shallow portions ofshies, and with a combination of an Acoustic
Doppler Current Profiler (ADCP) and a survey-gr&I&K GPS unit for the deeper portions. For
each traverse with the ADCP, the RTK GPS was useécdord the horizontal location and
WSEL at the starting and ending location of eaakdrse, while the ADCP provided depths and
distances across the traverse. The WSEL of eaddFAaverse is then used together with the
depths from the ACDP to determine the bed elevaifa@ach point along the traverse. For the
2010 site, we used the same method downstreane afolvnstream boundary to determine the
stage of zero flow for the downstream transect. alge collected substrate and cover data for
each topographic point collected with the survegdgrRTK GPS unit or total station and stadia
rod, and mapped in substrate and cover polygonthéareas sampled with the ADCP; the
vertices of these polygons were recorded with tlneey-grade RTK GPS unit. The RTK GPS
and total station data had an accuracy of 0.1Hodkzontally and vertically.

Results

We completed collection of all data for the 201t@ sind all data for the 2008 site, with the
exception of WSELs at medium and high flows, inZX11. We completed a post-restoration
bed file and computational mesh and began a ptered®n bed file for the 2010 site, using the
methods given above for South Cow Creek. We expembmplete pre- and post-restoration
hydraulic modeling for the 2010 site, and postaegion modeling for the 2008 site, in FY
2012.

Sacramento and American River and Clear Creek Redd Dewatering Monitoring
Methods

The purpose of this task was to quantify the bémefi using water dedicated to fish and wildlife
benefits under Section b(2) of the CVPIA to reddewatering of fall-run and late-fall-run
Chinook salmon and steelhead/rainbow trout reddisérSacramento and American Rivers and
Clear Creek. On October 25-27, 2010, we survelyedshallow portions of eight two-
dimensional hydraulic and habitat modeling siteshenSacramento River between Keswick
Dam and Battle Creek (Figure 1), that we had deezlaising hydraulic and structural data that
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Figure 1

Sacramento River study sites for FY 2011 b(2) reldatering monitoring

we collected in 1997 to 1999, for fall-run Chincsdmon redds. Data for redds were collected
from an area adjacent to the redd which was judgécve a similar depth and velocity as was
present at the redd location prior to redd consitndGard 1998). Depth was recorded to the
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nearest 0.1 foot and average water column velegity recorded to the nearest 0.01 ft/s.
Measurements were taken with a wading rod and siMisicBirney’ model 2000 velocity

meter. Substrate was visually assessed for thendminparticle size range (i.e., range of 1-2
inches) at three locations: 1) in front of the Rit,on the sides of the pit; and 3) in the tailspil
The location of each redd was recorded with a sugrade RTK GPS unit, with the
measurement taken at the center of the pit ofddd.r On February 28 to March 1, 2011, we
collected the same data for late-fall-run Chinoakm®n redds in our eight Sacramento River
sites. On February 22-23, 2011, we collected éimeesdata for steelhead/rainbow trout redds for
five sites on the American River that we had depetbusing hydraulic and structural data that
we collected in 1997 to 1998. For both the Sacramand American Rivers, data collected in
FY 2010 were used to convert the UTM coordinatesaah redd into the local coordinate
system used in the hydraulic models. As a reduitgh American River flows in the first week
of December 2010, when data collection was schddule were unable to collect the same data
for shallow fall-run Chinook salmon redds in owefiAmerican River sites. Subsequent even
higher flows made it unlikely that we would havesheble to locate any American River fall-
run redds. We used the funding that had beenaéfiddor that survey to start an analysis of the
effects of Sacramento River flows and water tentpeea on spawning, using historical data
(discussed below).

For Clear Creek, the Red Bluff Fish and Wildlifefioé supplied us with spawning area mapping
polygons for fall-run Chinook salmon and locatidossteelhead/rainbow trout redds. From this
data, we used the redds located in five two-dinradihydraulic and habitat modeling sites on

the lower alluvial segment of Clear Creek, thathad developed using hydraulic and structural
data that we collected in 2006 to 2007. Since agkdstablished these sites based on State Plane
coordinates, we were able to convert the redd lmesito local coordinates by just subtracting
given numbers from the State Plane coordinates.theésspawning area mapping, we determined
how many redds were in each mapped polygon by idiyithe area of the polygon by 211

ft’/redd and then equally spaced points for that many reddach polygon, using GIS.

We ran the hydraulic models for all of the studgsin all three streams at the lowest flow that
would have been present if b(2) water had not lesed, and plugged in the surveyed redd
locations to determine what the depth and velogiyld have been at each redd location at that
flow. Using the criteria in Table’3we then determined how many of the redd locatieosld
have been dewatered if b(2) water had not been used

8 This was the average area of single-redd fall-ram@ok salmon polygons in 2003 on Clear
Creek.
° A redd was considered dewatered if the depth wssstlean the depth in Table 3 or the velocity
was less than the velocity in Table 3. The deptkrta were based on the assumption that redds
would be dewatered if the tailspills were exposeuile the velocity criteria were based on the
assumption that there would be insufficient inteagd flow through the redd if the velocity was
less than the lowest velocity at which we founédd: See U.S. Fish and Wildlife Service
(2006).
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Table 3
Dewatering Criteria
Stream Species/Race Depth (ft) Velacity (ft/s)
Sacramento Fall-run 05 0.32
American Fall-run 0.5 0.10
American Steelhead™ 0.2 0.30
Clear Fall-run 05 0.10
Clear Steelhead 0.2 0.61
Results

For the Sacramento River, we found a total of Flstv fall-run Chinook salmon redds and 15
shallow late-fall-run Chinook salmon redds in oighé study sites. For the American River, we
found a total of 39 shallow steelhead or late4fal-Chinook salmon redds in our five study
sites. Likely some portion of the American Rivezeshead redds were actually late-fall-run
Chinook salmon redds, which spawn at the sameadsrsteelhead. The only redds we were able
to positively identify were those with fish on theatf these, none had late-fall-run Chinook
salmon on them and eight had steelhead on‘theRor Clear Creek, there were a total of 495
fall-run Chinook salmon redds and 95 steelheads@ddur five study sites.

Figures 2 through 4 show what the Sacramento anerisem River and Clear Creek flows were
from initiation of spawning through emergence gfdnd what the flows would have been if

b(2) water had not been used. For the Sacramewntw, Rse of b(2) water potentially prevented
dewatering of 19 (34%) shallow fall-run Chinookmsah redds and 3 (20%) shallow late-fall-run
Chinook salmon redds. Use of b(2) water potentialevented dewatering of 99 (20%) fall-run
Chinook salmon redds and 42 (44%) steelhead red@ear Creek. No b(2) water was used on
the American River in FY 2011; accordingly, no readuld have been dewatered if b(2) water
had not been used.

% These criteria were developed for steelhead, leue\&pplied to both steelhead and late-fall-
run Chinook salmon redds, as we were unable tordate which species created most of the
redds.
1 In contrast, in FY-2010, the redds we were ablieéntify were almost equally split between
steelhead and late-fall-run Chinook salmon.
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Figure 4
Clear Creek flows for FY 2011 b(2) redd dewatemmgnitoring

Discussion

The redd dewatering monitoring proved to be ancéiffe method to quantify the benefits of
using b(2) water for reducing redd dewatering. ldaer, the relative benefits of using b(2)
water for redd dewatering, as compared to othes abb(2) water, is difficult to estimate.
Questions that still remain to be answered inclua®a to extrapolate the monitoring results to
the entire stream in question, and if the siteel@nanged to the extent that the results are no
longer valid. On a qualitative level, the SacratodRiver sites have not appeared to change,
while several of the American River sites (Sunaed Above Sunrise) have changed due to
restoration projects and river downcutting. Wengia perform a quantitative evaluation of this
guestion in FY 2012 using the measured depths alotities at the redd locations, by
comparing them to simulated depths and velociti¢seaflow present during data collection. In
addition, we plan to evaluate the benefits of @er for the Sunrise and Above Sunrise sites in
FY 2012 using: 1) a current hydraulic and habitatlei of the lower portion of the Sunrise site,
developed by National Marine Fisheries Service &amtz staff; and 2) the hydraulic and
habitat model we are in the process of developfriberestored Above Sunrise site in FY 2011,
as part of the American River gravel placement nooimg. A source of uncertainty in the
American River results is the relative benefit (#)owater for steelhead versus late-fall-run
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Chinook salmon; regardless, the monitoring dematesdrbenefits overall to anadromous
salmonids. For Clear Creek, most of the fall-rinn@ok salmon redds were dewatered as a
result of shallow depths, while most of the steatheedds were dewatered as a result of low
velocities, indicating that there may be differer@chanisms causing egg and pre-emergent fry
mortality from redd dewatering for different spexig~or the Sacramento River, the b(2)
monitoring compliments redd dewatering monitorifumded by the AFRP, being conducted by
the Pacific States Marine Fisheries Commission (PSM The PSMFC monitoring
(USFWS/CDFG/PSMFC 2011) quantifies, on a river-widsis, the number of redds that are
being dewatered as a result of actual releasesKmeswick Dam, while the b(2) monitoring
guantifies, for our eight study sites, how manydsediould have been dewatered if b(2) water
had not been used.

Sacramento River Flow/Temper ature/Spawning Relationships

Methods

The purpose of this task was to examine how thatiome and timing of Chinook salmon
spawning in the Sacramento River is affected byptmature and flow management. There is
considerable uncertainty in how fish respond togeratures and flows to initiate spawning. An
assumption with temperature management on the i@aata River is that fish will move to
colder water to spawn. Our analysis used histbflioa and water temperature data and aerial
redd counts. We used daily mean flow data fromvias Dam (USGS Gage Number
11370500) and Bend Bridge (USGS Gage Number 113 fd0the period October 1, 1969 to
December 31, 2010. Daily water temperature wasadola for four locations (Keswick [RM

303], Balls Ferry [RM 276.2], Jellys Ferry [RM 28pand Bend Bridge [RM 257.8]) for the
period January 1, 1970 to December 31, 2010. aPhexdd count data for 13 river sections
(going from Keswick Dam to Princeton Ferry [RM 1B4te available starting in 1969 for fall-
run Chinook salmon. The greatest amount of spd#id is available for fall-run, while the
greatest amount of temporal data is available fotex-run. For the spatial analysis, we selected
two dependent variables: 1) the river mile a6 percentile of the cumulative distribution of
redds; and 2) the number of river miles betweer28ieand 7%' percentiles of the cumulative
distribution of redds. For the temporal analysis,selected one dependent variable, the julian
date of the 50 percentile of the cumulative distribution of redd&’e started our analysis with
fall-run Chinook salmon. For fall-run, we selectid following independent variables: 1) mean
Oct 1-15 and Oct 16-Nov 1 flows at Keswick Dam &whd Bridge; and 2) mean Oct 1-15 and
Oct 16-Nov 1 water temperatures at Keswick, Bale'; Jellys Ferry and Bend Bridge.

Results
In FY 2011, we were able to assemble a completesdafor flows and spawning, but are still
waiting on assembling water temperature data. nitral analysis of the effect of flows on the

spatial distribution of fall-run Chinook salmon tedistribution (Figures 5 to 12) does not show
any significant effects.

19



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

300

, rZ =0.001
290 1 +

*
280 - :’ :‘ % o

70, %&‘ * *

250 A

*
240 *

River Mile of 50% cumulative fall-run redd distribution
+*
+
+
+
+

230 T T T T T T T T T
3,250 4,250 5,250 5,250 7,250 8,250 9,250 10,250 11,250 12,250
Qctober 1-15 Keswick flow (cfs)

Figure 5
October 1-15 Keswick flows versus 50% cumulativerian distribution
300 ~
r2 =0.001

E 290 - .
= *
z ¢ .,
T 280 - + * + +
2 . +* LA ¢
o * *
2ol 'S SRR IR
E + . + * *
2 280
t; 250 -
z * .
E 240 * *

230 T T T T T T

3,250 4,250 5,250 6,250 7,250 8,250 09,250
October 16 - November 1 Keswick flow (cfs)
Figure 6

October 16 — November 1 Keswick flows versus 50%awative fall-run distribution

20



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

300 -
- r? =0.0002
S 290 - -
5 o o
= 280 - . e, . ¢
z * o v,
= * e
< 270 - ~ ., .
E * e
3 * o
2 260 -
L.”Df 250 -
E
- + +
¥ 240 - * *
230

3,250 4,250 5,250 6,250 7,250 8,250 9,250 10,250 11,250 12,250
October 1-15 Bend Bridge flow (cfs)

Figure 7
October 1-15 Bend Bridge flows versus 50% cumudatall-run distribution
300 -
_ r? =0.002
S 290 +
= *
i + *
T 280 - o* * e, * .
s * . *, ¢
BN ¢ 0 . *
z 0 * % ¢ ¢ +*
E ¢ * * » *
2 1280
: + *
= 250
E
- + +
2 240 - * *
230 ; ; ; ; ; ;
3,250 4,250 5,250 5,250 7,250 8,250 8,250
October 16 - Movember 1 Bend Bridge flow (cfs)
Figure 8

October 16 — November 1 Bend Bridge flows versi# S0mulative fall-run distribution

21



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

B0
= r2 =0.02
= *
2 > S - *
B 50 * *
2 + +
E +* *
= *
% MR * * .t *
M40 .’
52 MR RS
¥ a8 +*
2533— * ¢ 6“ *
o
S + .
= T 0 A
z
E *
T g -
E
a

3,250 4,250 5,250 6,250 7,250 8,250 9,250 10,250 11,250 12,250
October 1-15 Keswick flow (cfs)

Figure 9

October 1-15 Keswick flows versus 25-75% cumulafalerun distribution

60
T r2 =0.04
= *
E * ¢
B 50 A * *
3 + 2
E * *
5 *
2 » + *
S 3 Y ¢ *
5 £ MG S
£ 2 *
5330 * . . ¢
e * %
S s ¢ .
= 20 7
=
E *
? 10 -
3

a T T T T T T

3,250 4 250 5,250 6,250 7,250 8,250 0,250
October 16 - Movember 1 Keswick flow (cfs)
Figure 10

October 16 — November 1 Keswick flows versus 25-ta#aulative fall-run distribution

22



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

60 -
R r2 =0.02
Z +
u * +
£ 50 4 . #
E + +
£ * *
3 » +* +
o * * *
# +* * +
o *‘& - + +
EE *
“,
R .
=23 + “0
¢ .
-E 20 -
E +*
=
5 10
0

3,250 4,250 5,250 6,250 7.250 8,250 9,250 10,250 11,250 12,250
October1 - 15 Bend Bridge flow (cfs)

Figure 11
October 1-15 Bend Bridge flows versus 25-75% cutiuddall-run distribution

=10
5 r’ =006
i + ¢ +
¥ 50 A * *
£ . +
E * * * M
2 * * *
g + ¢ +* g + *
£ a0 - *
25 AP
= *
n 2 » + +
TE30- * . *
e
- * .
= 20
2
5 *
T 10
=

a T T T T T T

3,250 4,230 5,230 6,250 7,230 8,230 8,250
October 16 - November 1 Bend Bridge flow (cfs)
Figure 12

October 16 — November 1 Bend Bridge flows versu32% cumulative fall-run distribution

23



USFWS, SFWO, Restoration and Monitoring Program
FY 2011 Annual Report
March 7, 2012

Discussion

It does not appear likely that the datasets we fdemified are adequate to explore the effects of
flows and temperature on the spatial and tempasé#ilution of Chinook salmon spawning in

the Sacramento River. Further discussions areegeteddetermine whether additional effort on
this task in FY 2012 is warranted.

Stanidlaus River Floodplain Versus Flow Relationships
Methods

The goal of this task was to develop a two-dimemasidiydraulic model to quantify the
relationship between floodplain area and flow foe Ripon to Jacob Myers reach of the
Stanislaus River (RM 17.2 to 34.7), for flows ramgfrom 250 to 5,000 cfs. The LIDAR and
SONAR data mentioned above for the Stanislaus Rinsgtream flow study was used as the
topographic data source for the hydraulic moddie Tirst step in developing the topographic
input for the model was to georeference in Arc NlBBRI, Redlands, CA) digital aerial photos
of the Stanislaus River taken on January 15, 20@&law of 5,000 cfs. Heads up digitizitig
was then used to produce a 5,000 cfs water’s edigggn from the georeferenced aerial photos.
The polygon was used, with a 10 meter buffer, tmlpce shapefiles of the portion of the LIDAR
and SONAR data that would be used to develop tkeaojic model. A triangular irregular
network (TIN) was produced from the LIDAR data &parate the portion of the LIDAR data
that was actually ground elevations (steep slofres) the LIDAR data that was actually water
surface elevations (flat slopes). The TIN was usegéther with NAIP imagery and heads up
digitizing to produce a LIDAR water’s edge polygonlDAR data from within the polygon,
consisting of water surface elevations, was thepatded, leaving only ground elevation LIDAR
data.

Comma delimited files of the resulting LIDAR and IS8R data were then produced to input
into the Surface-water Modeling System (SMS, vBrl® 64 bit) software, where they were
merged to create one scatter data set. A compn#tmesh was developed in SMS by first
defining polygons based on the 5,000 cfs waterggeexhd LIDAR water’'s edge polygons. Two
material types were defined for the polygons: Id9dplain for the polygons located between the
5,000 cfs water’s edge and LIDAR water’s edge pohgg and 2) channel for the polygons
located within the LIDAR water’s edge polygon. ¢ratmeshes, with rectangular mesh elements
3 meters long (in the longitudinal direction) bprlless meters wide (in the lateral directin)
were used for the channel polygons, while 3 mege3 meter square paving meshes were used
for the floodplain polygons. The scatter datasas$ mterpolated to the computational mesh

2Heads up digitizing refers to on-screen digitiziag,interactive process in which a map is
created using previously digitized or scanned mfatron.In heads up digitizing, the user creates
the map layer up on the screen with the mouse, neférenced information as a background.
¥ Mesh elements one meter wide were used for wideiops of the channel while narrower
elements were used for narrower portions of thecka
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using the inverse distance weighted interpolatiption in SMS. The resulting computational
mesh was used as an input to SRH-2D (USBR, De@#@}, along with the stage from the rating
table of the Ripon gage (USGS Gage Number 113030f3ted at the downstream boundary
of the model, as the downstream boundary conditiothe hydraulic model. The hydraulic
model was calibrated by running the model at 1 &8@&nd varying the Manning’s n values for
the channel and floodplain, with the resulting deed water surface elevations compared to
those measured at the McHenry site, located apmiately half-way through the study reach.

We used initial Manning’s n values of 0.025 for tt@nnel and 0.07 for the floodplain, based on
values used by cbec Engineering for the OrangesBlosBridge to Knight's Ferry reach (Chris
Hammersmark, cbec Engineering, personal commuaitati

The calibrated model is then used for hydraulicuations at flows ranging from 250 to 5,000
cfs, with the stage from the rating table of thpd®i gage used as the downstream boundary
condition for the hydraulic model. The model outiguthen processed in SMS to compute the
total wetted area at each flow. The resultingltwetted area versus flow graph is then
examined to determine the flow at which floodplainndation begins, as shown by an inflection
point in the graph. The total wetted area at hidlosvs is then subtracted from the total wetted
area at which floodplain inundation begins to deiae the inundated floodplain area at each
flow.

Results

Calibration indicated that the lowest Manning’satues that still resulted in a stable model were
0.025 for the channel and 0.05 for the floodptaithe model crashed at lower Manning’s n
values. With these Manning’s n values, the watefase elevations predicted at McHenry were
2.39 to 2.65 feet higher than the measured valudhe total wetted area at 1,500 cfs was
856,544 M. The model results at 1,500 cfs (Figure 13) shibseme floodplain inundation. In
FY 2011, we started hydraulic simulations at fla#$00 to 5,000 cfs by 500 cfs increments. In
FY 2012, we will likely conduct hydraulic simulatie at intermediate flows as needed to
identify the inflection point in the flow-area gtapnd adequately quantify the flow-floodplain
area relationship. In addition, we will be devefgpand running hydraulic models, using the
same methods presented above, for three otheragathKnight's Ferry Bridge to Orange
Blossom Bridge; 2) Orange Blossom Bridge to Jacglerst and 3) Ripon to San Joaquin River
confluence. We will not be able to develop hydi@aaiodels for the Goodwin Dam to Knight's
Ferry Bridge reach, since SONAR data is not avhlédr that reach.

“Typical manning’s n values from the literature rarfigom 0.04 to 0.07 (Milhous et al. 1989).
>While these deviations are high, we did not haweantions to reduce the deviations.
Comparisons of simulated water surface elevatibdss®0 cfs to those simulated by the U.S.
Bureau of Reclamation (not yet available) will seta better evaluate the accuracy of the
hydraulic model for this reach.
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Figure 13
Portion of Inundated Floodplain (in red) at 1,58 for the Ripon to Jacob Myers reach

Stanislaus River Floodplain Restoration Project Monitoring
Methods

Originally this task was going to involve work dretLover’s Leap and Honolulu Bar projects.
Due to project delays associated with high flond ather factors, the work shifted to two other
Stanislaus River floodplain restoration projectwoiMile Bar and Lancaster Road. For the
Two-Mile Bar site, the tasks were ground-truthin®AR data, conducting a control survey and
collecting deep-water topography data, with thendte goal of producing an integrated
topographic dataset that can be used to desigrodglain restoration project at Two-Mile Bar.
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For the Lancaster Road site, the tasks were cwigpadditional topography data and
substrate/cover polygon data to be used by Craimhkr3¢€iences to develop pre- and post-
restoration two-dimensional hydraulic and habitatels of the site.

For the Two-Mile Bar site, there were two previsasirces of topographic data: 1) topographic
data collected with a total station in 2001 (McB&iifrush 2001); and 2) a portion of the

LIDAR data discussed above for the Stanislaus Rleedplain versus flow relationship task. It
was discovered during data collection for the TwiteNBar River2D site that there was a
significant error in the horizontal control for tB801 total station data. The horizontal control
included a site benchmark and seven control péWitBain and Trush 2001). In 2011, we
attempted to locate these controls and determmedtrect coordinates for them using a survey
grade RTK GPS. The LIDAR data had a nominal valt@ccuracy of + 0.5 feet. We
systematically selected 302 LIDAR points within th&o-Mile Bar site and navigated to them
with the survey grade RTK GPS; we used the stakdeature of the RTK GPS to determine the
difference between the given elevation of the LIDAdtnts and the elevation measured with the
RTK GPS. Neither the total station nor the LIDARa had points in the wetted channel; we
used the methods described above for the Americar Bravel project to collect bed
topography in the wetted channel using our ADCPsamdey grade RTK GPS.

For the Lancaster Road project, Cramer Fish Scgehad previously collected some
topographic data, with most of the data in the Isewrt portion of the floodplain. We used the
methods described above for the American Riverajraroject to collect supplemental
topography, substrate and cover data for Cramér $egences to use to develop pre- and post-
restoration River2D models to quantify the amourggawning and rearing habitat that was
created by the Lancaster Road project.

Results

We were able to locate five of the McBain & Tru20@1) control points. Our survey data
indicated that the following transformations of eBain & Trush (2001) topography data
would convert the data into Universal Transversedst®r (UTM) Zone 10, NAD 83 meters:

1) subtract 49.0144 m from northings; 2) subtr&&.8304 m from eastings; and 3) add 0.799 m
to bed elevations to convert them from NGVD29 to\WD88. We were able to stake out 273 of
the LIDAR points; of the remaining 29 points weeséd, at least eight could not be staked out
because the RTK GPS stayed in float due to beidgmwvegetation. The three points with the
largest difference between the LIDAR and groundhking elevations were likely due to changes
in topography since the LIDAR data was collectéd.the remaining 270 points, 257 (greater
than 95%) had elevations within 0.5 feet of the A®elevations. The average difference in
elevation between the LIDAR and ground-truthingretens for the 270 points was 0.005 m.
We collected 4,230 topographic data points in teé&ed channel.
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For the Lancaster Road project, we collected toguigc data points, and mapped out substrate
and cover polygons for the entire site. Thesegmtg will be used to assign substrate, cover
and bed roughness data to the previous topograglecthat Cramer Fish Sciences had
collected, to LIDAR data, and to the ADCP topogiiaptata that we collected.

Discussion

The LIDAR data is sufficiently accurate for purpssd designing the Two-Mile Bar restoration
project. The combined dataset of topographic ftata LIDAR, ADCP, McBain & Trush
(2001) and the River2D site should serve as a ¢moagraphic dataset for designing the Two-
Mile Bar restoration project. The data that wdestied for the Lancaster Road project should
greatly improve the accuracy of the pre- and pestaration hydraulic and habitat models, and
thus increase confidence in the quantificationadjitat gained as a result of the project.

Tuolumne River Bobcat Flat Pre-restoration Monitoring
Methods

We established a 1,280 foot long study site thatiged all of the mesohabitat types (Bar
Complex Run, Bar Complex Riffle, Bar Complex Poatl&latwater Run) present in the
restoration site. This study site has one dowastrBoundary and two upstream boundaries —
one with the main river flow, and the other whemade channel enters the river. As a result, an
additional data item was needed — the dischargigeaside channel at three flows, to develop a
flow-flow regression between the side channel atal Tuolumne River flow. We used the
same methods given above for the American Riveoliect the remaining data needed to
develop a pre-restoration hydraulic and habitatehofithe Bobcat Flat site. We also collected
additional data upstream of the study site, udiegsame methods, to supplement existing
LIDAR and SONAR data, for purposes of developingipatream extension for the hydraulic
model, similar to that discussed above for the iSkams River instream flow sites.

Results

We completed all pre-restoration data collectioithwhe exception of some of the data for the
side channel upstream boundary. We were unalderplete data collection for the side
channel upstream boundary, as well as low-flow nsueface elevations at the upstream and
downstream boundaries, due to high flows. We bellcollecting the remaining side channel
upstream boundary data during post-restoration toong, since the restoration project is not
changing conditions in the side channel. We valdto use a different technique in PHABSIM
(MANSQ) to develop the stage-discharge relatiorship the upstream and downstream
boundary conditions, since we only have two seM/6EL measurements to use in developing
these stage-discharge relationships. In FY 2082wl be collecting data for the post-
restoration hydraulic and habitat model, and cohdgdoth the pre- and post-restoration
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hydraulic and habitat modeling to quantify the amtoef spawning and rearing habitat created
by the Bobcat Flat project. Habitat modeling wile the Yuba River habitat suitability criteria
discussed above.

Cottonwood Creek ACID Siphon Monitoring
Methods

The Cottonwood Creek ACID Siphon project involve@lacing an existing siphon that created
an upstream passage barrier with a new siphomtisieight feet deeper. Replacement of the
siphon involved the construction of a bypass chitimeugh a cobble bar into an old overflow
channel and building a coffer dam. Due to higvBaluring the middle of construction, the
coffer dam was washed away and the bypass chamseMdened, resulting in insufficient
material to fill in the bypass channel after constion. The purpose of the monitoring was to
evaluate the stability of the site after constiuttiwith particular emphasis on whether
additional downcutting of Cottonwood Creek woulduk in the new siphon being exposed, and
whether the bypass channel would capture the n@aindf Cottonwood Creek, resulting in
dewatering of the main channel. We collected togplic data for the Cottonwood Creek ACID
Siphon project site on June 27-30, 2011 using sugvade RTK GPS units for the dry and
shallow portions of the site, and a combinatioa@ADCP and a survey-grade RTK GPS unit
for the deeper portions of the site. The methadslwere the same as those given above for the
American River sites. We also performed a corguVey for two controls that were used for a
2010 as-built survey, which only covered the bypdssinel. We used the control survey to
convert the as-built survey data from the localrdowte system used to collect the as-built data
into California State Plane coordinates. Thisveéld us to overlay our data with the as-built data
to quantify channel changes associated with higlvdlbetween when the as-built data was
collected and the summer of 2011. We plan to tepaasurvey in 2012 to evaluate channel
changes associated with high flows in the wintet spring of 2011-12, with results to be
presented in our FY 2012 annual report.

Results

We collected 10,470 data points, covering a muaielaarea than was sampled in the as-built
survey. The topographic data are shown in FigdteThere was both aggredation and erosion
in the bypass channel (Figures 15 and 16), witatdass of 1,759 ttof material from the area
sampled in the as-built survey. In general, agafied appears to be occurring in the lower
portions of the bypass channel and erosion appedes occurring in the higher portions of the
bypass channel (Figure 16). We were unable tesags®ential downcutting of the main channel
since there was no data collected in the main adldnnthe as-built survey due to high flows
during the as-built survey. Based on the thalwedjlp of the main channel and bypass channel
(Figure 17), it appears unlikely at this point ttia bypass channel will capture the entire flow
of Cottonwood Creek.
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Figure 14
June 2011 bed topography of Cottonwood Creek A@Do restoration site. The red polygon indicalesportion of the bypass
channel sampled in the as-built survey.
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SFCottonwoodRiverMiles
Elevation Difference (ft)|
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0.28 - 0.65
0.65- 1.39
1.39 - 2.99

Figure 15

Topographic changes caused by high flows in thesyghannel portion of the ACID siphon restorasibe. Positive values
indicate aggredation, while negative values indicbsion.
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Discussion

The survey shows the dynamic nature of the restoraite due to the effects of high
Cottonwood Creek flows. The survey provides anrowed baseline to assess further effects of
high flows on the topography of the restoratior.silt should be noted that some of the
differences shown in Figure 15 may be due to diffiees in the locations of the survey points
between the two surveys affecting interpolated sl the two topographic surfaces, rather
than to channel changes caused by high flows. dhosld be less of an issue for assessing
channel changes associated with high flows in timewand spring of 2011-12, since both data
sets will have many more points than the 132 paaoliected for the as-built survey. If desired,
additional displays, such as cross-sectional @®fitan be generated from the topography data.

South Fork Cottonwood Creek Habitat Assessment
Methods

An adult spring-run Chinook salmon habitat assessmvas conducted on August 1-5, 2011 on
South Fork Cottonwood Creek from RM 56.7 (eleva®061 ft) to 43.3 (elevation 1520 ft)
(Figure 183°. Access to the start of the survey was via th@Aead Saddle Trail, with the

survey beginning on the morning of August 2. Adhditding habitat was assessed by collecting
the following data for each pool: 1) length anél @idths”; 2) maximum pool depth and riffle
crest depth; 3) water temperattirel) a visual assessment of the percent embeddedhesol

tails; and 5) a visual assessment of the percemtaite pool with each of the following cover
types: bedrock ledges, boulder cascades, pocket Marge wood, bubble curtains. In addition,
the upstream and downstream end of each pool wasded with a Garmin GPS unit. We also
made a visual assessment of the percentage of sgagnavel in the intervening habitats
between pools (i.e. in riffles, runs and glideBach pool was snorkeled and the number of adult
spring-run Chinook salmon and steelhead/rainbowt tjavenile salmonids, other fish species
and California red-legged frog were recorded. RiaEupstream passage barriers were assessed
using the methods in Gallagher (1999) and PowetsCasborn (1985), with the following
parameters measured: 1) visual classificatiometiarrier as a fall, chute or cascade; 2) depth
of pool below barrier (fish entrance zone) and @dave barrier (fish exit zone); 3) vertical
distance from the falls crest to the water surfafcde pool below the barrier; 4) depth of
penetration of falling watering into pool below bar; 5) horizontal distance from the falls crest
to the standing wave in the pool below the barBgfpr chutes, the depth of water in the chute;
7) width of barrier; and 8) velocity at top and oot of barrier. We also measured the discharge
of South Fork Cottonwood Creek at the beginninthefsurvey and the discharge of tributaries
within the study reach.

*River Mile 0 is at the confluence of South Fork ©Botvood and the mainstem of Cottonwood
Creek. River Miles increase going upstream.
"More widths were measured for longer and less umifaools.
¥ Instantaneous water temperature measurements akene in the middle of each pool at the
time of the survey using a Taylor Model 5395 digiteermometer.
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Figure 18
South Fork Cottonwood Study Area

On August 2, we sampled every pool, ending theadd@®M 55.3. On August 3, due to the
limited length of stream that had been sampled taysve only sampled every third to fourth
pool for the parameters identified above. Forréraaining pools, we only recorded the
upstream and downstream end of the pool with then®aGPS unit. We completed our
extensive surveys at 2 PM on August 3 (at RM 5319, to the need to finish hiking to the exit
point in a timely manner. Thereafter, only occagsidemperature measurements and qualitative
observations were made.

Results

We identified three barriers on South Fork Cottoad/€reek: a 30-foot waterfall at RM 49.5
(Figure 19), a 20-foot cascade at RM 49.8 and tooBwaterfall at RM 56.5. Both the 30-foot
waterfall and 20-foot cascade would be total besrie both Chinook salmon (with a maximum
jump height of 7.9 feet) and steelhead (with a maxn jump height of 10.8 feet). These
barriers were located at the upstream and dowmstezals of an extremely high gradient section
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Figure 19
Downstream-most barrier (30 foot waterfall) on $okibrk Cottonwood Creek

of South Fork Cottonwood Creek (Figure 20). The&-waterfall would be a low-flow barrier
to both species, based on the criteria that the jpool needs to be either more than 1.25 times
the jump height or at least 8.2 feet deep (Galla@h89); in contrast, at the time of the survey,
the jump pool was 7.1 feet deep. Water temperatexhibited both a diel pattern of variation
and an increasing trend going downstream, with mataperatures reaching 7£.6 at 7 PM
(likely near the maximum daily water temperatutest jupstream of the 30 foot waterfall (Figure
21). Maximum air temperatures during the surveyev@ to 102 F in Redding. The discharge
of South Fork Cottonwood Creek was 6.8 cfs at RM Sieicreasing to 20.6 cfs by RM 51.4.

We sampled 19 pools for all parameters. The dslyseen during the snorkel surveys, with the
exception of one juvenile pike-minnow, were juverrdinbow trout. We had six unconfirmed
sightings of California red-legged frog in the sd@dpreach, with all observations located
between RM 56.7 and 56. We also observed num&ali®rnia yellow-legged frogs further
downstream, starting at RM 53.3. There was anageeof nine juvenile rainbow trout per pool,
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South Fork Cottonwood Creek Profile
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South Fork Cottonwood Creek Water Temperatdres

¥The rapid temperature change at River Mile 54.3 auasto the effect of Bucks Creek, which
was 2.4 degrees F warmer than South Fork CottonWwedk upstream of Bucks Creek.
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ranging in size from approximately 2 to 12 inche¢ength. Pools comprised 19.5 percent of the
length of the sampled reach, with an average &r2#@6 ff, an average maximum depth of 4.3
feet and an average residual pool depth of 3.6 fEleé average cover composition of the pools
surveyed was 43 percent bedrock ledge, two petasgg wood and two percent bubble curtains.
Only one pool had boulder cascade cover and nasaal pocket water. The average pool tail
embeddedness was three percent. The average fageeh spawning gravel in the non-pool
portions of the sampled reach was nine percentt ofdee spawning gravel seen in the sampled
reach was in pool tails. The amount of spawniraygrin pool tails was not quantified.

Although we did not do any sampling below the 3@t f@aterfall barrier, no adult spring-run
Chinook salmon were seen during a snorkel survelgeopool directly below the waterfall on
August 31, 2011 (Doug Killam, CDFG, personal comiuation).

Discussion

The water temperatures below the lower-most bami&outh Fork Cottonwood Creek are likely
marginal for adult spring-run Chinook salmon. émgparison, the highest daily mean and daily
maximum water temperatures that have been obsemteith the spring-run holding reach in
Butte Creek are, respectively, 74.B and 79.6 F?° (unpublished data, Tracy McReynolds,
CDFG), while the highest daily maximum water tenapere where adult spring-run are
observed holding in Beegum Creek, a tributary todi Fork Cottonwood Creek, is 76

(Doug Killam, CDFG, personal communication). Giwbat Redding summer air temperatures
can be much higher than those during the surved/garen the higher than normal South Fork
Cottonwood Creek flows in 2011, it is likely thatmany years water temperatures below the
lower-most barrier in South Fork Cottonwood Creeaduld be too high for adult spring-run
Chinook salmon holding. Thus, the combinationhef 80 foot waterfall barrier excluding adult
spring-run from suitable holding habitat above ltherier and high water temperatures
precluding holding below the barrier make it unhik#éhat South Fork Cottonwood Creek could
support any population of spring-run Chinook salmémcontrast, CDFG historical records
indicated the presence of spring-run Chinook salmd@outh Fork Cottonwood Creek (Hewitt
1961). Itis likely that the South Fork CottonwdoGreek watershed upstream of the 30 foot
waterfall was originally fishless, and that thenkmw trout seen above the barrier are the
progeny of historical stockify Accordingly, it might be most appropriate to rage the South
Fork Cottonwood Creek watershed upstream of thi@@0waterfall for native frog species. A
first step in any future assessments of springhalding habitat below the 30 foot waterfall
barrier would be installing a thermograph to bettealluate water temperature conditions below
the barrier. The data from such a thermographdcbelused to calculate maximum weekly
average water temperatures. In this regard, StiénSciences (2012) gives a criteria that adult
spring-run Chinook salmon holding habitat shoultihmeve more than three exceedances of a

®These water temperatures were associated witHisimti pre-spawning mortality of adult
spring-run Chinook salmon (Tracy McReynolds, CDB&sonal communication).
“'Records indicate that trout were stocked in thettsBork Cottonwood Creek watershed in
1946 to 1970, but that all stocking (at RM 46 to24ar in Cold Fork, which enters South Fork
Cottonwood at RM 23.75) was downstream of the 8@ barrier (CDFG files).
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66 ° F maximum weekly average water temperature. htrast, South Fork Cottonwood Creek,
with almost 50 miles of habitat below the 30 foatterfall barrier, has significant potential for
fall-run Chinook salmon, which would not experiesceh high water temperatures since they
are not present during the summertime. South Eotkonwood Creek could also have potential
for steelhead, although summer water temperatunaglsl e stressful for oversummering

yearling steelhead. Future studies would be wggthito assess habitat conditions and potential
passage barriers for these races/species, sinokeailt assessments were upstream of the barrier
and were focused on adult holding habitat.

Yuba/Feather River Sturgeon Spawning HSC Data Collection
Methods

Cramer Fish Sciences sampled for green sturgedineoviuba River immediately downstream of
Daguerre Point Dam on May 24-26, 2011 (Cramer Bisknces 2011). Flows during the
surveys ranged from 6,903 to 7,292 cfs. We weogiged with 29 geographic coordinates
where the sturgeon were observed. On July 15,,20& httempted to navigate to these
locations using our survey-grade RTK GPS and medsdepth and velocity at the locations
using our ADCP. We also visually classified thbsttate at each location where we measured
depths and velocities, using the substrate cod€alie 1. Flows during our data collection
were 3,390 to 3,460 cfs.

Results

We were able to collect data at 19 of the locatishsre sturgeon had been observed. Most of
the remaining locations were judged to be too ctosmne of the 19 locations to represent an
independent measurement location. There weredeatibns at which we were not able to hold
the boat long enough to collect depth and velatatia, as a result of complex hydraulic patterns.
Depths at the 19 locations where we collected datged from 3.7 to 11.0 feet, while velocities
ranged from 0.92 to 4.02 feet/sec. Substrate sizdee sturgeon locations ranged from 0.1-1
inches to 1-3 inches.

Discussion

The depths and velocities that we measured arly kgnificantly lower than those present
during Cramer Fish Sciences’ sampling, since ota das collected at a much lower flow.

Thus, any spawning criteria that would be develapgzhrt from this data would be biased
towards low depths and velocities. However, weatiderve adult sturgeon in the vicinity of the
measurement locations. It is not clear to whagmixthese measurements represent spawning
habitat for green sturgeon, since Cramer Fish $eedid not actually observe spawning. Itis
also not clear how many spawning observations thateare equivalent to, since Cramer Fish
Sciences estimated that there were four to fivegetan present. This data, in itself, is too small
a sample size to develop spawning habitat suitglgititeria for green sturgeon. We suggest that
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this data be combined with data from other locatimnthe Central Valley to develop green
sturgeon spawning criteria with a Delphi processya did for Sacramento River white sturgeon
(U.S. Fish and Wildlife Service 1996).

Clear Creek inSALM O Model Beta Testing
Methods

Lang, Railsback and Associates and USDA Foresti@erRacific Southwest Research Station,
developed the Improvement of Salmon Life-Cycle Fearork Model (inSALMO) individual-
based Chinook salmon model (Railsback et al. 2@mh@)applied it to two sites on Clear Creek
(3A and 3C), using as input hydraulic modeling tathad conducted for these sites. We
conducted beta testing of several versions of in@@8Lduring 2011, identifying program errors
and evaluating the performance of the model.

Results

We provided feedback to Lang, Railsback and Assegian errors that we identified and
suggested improvements to model features and p&garaues. The model was completed at
the end of FY 2011.

Discussion

Additional validation efforts are needed beforeitifeALMO model can be applied either more
broadly to Clear Creek, or to other streams.
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