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PREFACE

The following is the Ninth Annual Progress Repdtigntification of the Instream Flow
Requirements for Anadromous Fish in the Streamisizvihe 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 field work described herein was conducted byElthrd, Mark Gard, Rick Williams, Nick
Hindman, Dan Cox, Tricia Parker and Tricia Bratcher

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

! 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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INTRODUCTION

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 anégr&turgeon, American shad and striped bass.
In June 2001, the Service’s Sacramento Fish andIWgilOffice, 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 foSamento 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 2010,
the following fisheries investigation tasks weréested for study: 1) Clear Creek Biovalidation
— how well does IFIM compare to field observatiodsAmerican River gravel placement
monitoring and design modeling; 3) American andr&aento River and Clear Creek redd
dewatering monitoring; 4) Stanislaus River floodiplarea versus flow; and 5) Red Bluff
Diversion Dam Interim Pumping Plant screen hydaelialuation.

The Yuba River study was planned to be a 4-yeartethbeginning in September 2001. The
goals of the study are to determine the relatignbbiween stream flow and physical habitat
availability for all life stages of Chinook salmdfall- and spring-runs) and steelhead/rainbow
trout and to determine the relationship betweesastiflow and redd dewatering and juvenile
stranding. Collection of spawning and juvenilermgg 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-aumd fall-run Chinook salmon and
steelhead/rainbow trout was completed in, FY 2Q@bRY 2007, respectively. A draft
spawning report was completed in FY 2007 and deafting and redd dewatering/juvenile
stranding reports were completed in FY 2008. InZ008, we completed the response-to-
comments document for the peer review of the spagvsiiudy report and revisions to the draft
spawning study report stemming from the peer revawl conducted a series of stakeholder
meetings to discuss stakeholder comnfer@igarding the draft spawning report. In FY 2006,

2 Stakeholder review for the Yuba reports was agegenh during scoping meetings
prior to commencement of the studies.
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completed a sensitivity analysis to further resptmndoncerns raised at those meetings,
completed a response-to-comments document fotdkelsolder review of the spawning study
report and revisions to the draft spawning repi@ntnsning from the stakeholder review, and
conducted a stakeholder review and started a pgmw of the juvenile rearing and redd
dewatering/juvenile stranding reports. In FY 20d4@,completed a second peer review of the
spawning report and a peer review of the rearirtjradd dewatering/juvenile stranding reports,
and completed all three reports and response tonemts documents. We plan to issue all three
reports and response to comments documents infEérg011.

The Clear Creek study was planned to be a 5-yéat 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 salmgfall- and spring-run) and steelhead/rainbow
trout. There are four phases to this study basdti®life stages to be studied and the number of
segments delineated for Clear Creek from downstr@ahihiskeytown 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@BFY 2009, respectively. In FY 2007
the final report and the peer review response-taroents document for spawning in the upper
two segments was completed. A draft report orimgan the upper two segments and the peer
review of the draft report on spawning in the lowegment were completed in FY 2010. In FY
2010, we completed hydraulic modeling for one @f filie lower segment rearing sites and are
in the process of conducting the hydraulic modelorgan additional three sites. The remaining
work on the Clear Creek reports will be completeéY 2011.

The South Cow Creek study was planned to be a Befat and began in October 2008 with
habitat mapping and collection of spawning halstatability data for fall-run Chinook salmon.
Fieldwork was completed on one site and startednoadditional three sites to determine the
relationship between stream flow and physical lalavailability for fry and juvenile rearing
fall-run Chinook salmon in FY 2009. In FY 2010, e@mpleted fieldwork on the three
remaining juvenile sites, hydraulic modeling on tswes, redd mapping and an upstream
passage assessment, and completed most of thedjpmat. Due to funding cuts, the South Cow
Creek study will be completed in early FY 2011 ugompletion of hydraulic modeling of the
two remaining sites and a final report on habitgrgity and quality in South Cow Creek.

3 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 segnaent steelhead/rainbow trout spawn in all
three segments.
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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 will be completed in FY
2011.

For the fisheries investigations tasks, work ont#sk “Clear Creek Biovalidation — how well
does IFIM compare to field observations” was detayetil FY 2011 because we are still
waiting on bed topography data on study site 3Aféraham Matthews and Associates. In
FY 2010, with funding from the CVPIA b(13) programe collected topographic data on the
American River to use in designing a gravel resiongproject, and modeled the amount of
spawning habitat that would be created by fouradtiéve designs for the gravel restoration
project. In FY 2011, we plan to conduct post-restion monitoring of this project and collect
data to be used for the next American River graveject. In FY 2010, we conducted redd
dewatering monitoring on the Sacramento and Ameritiaers for the CVPIA b(2) program,
and determined the effectiveness of the use ofWwé2¢r on the Sacramento and American
Rivers and Clear Creek in preventing redd dewagerifhis activity will be continued in FY
2011. We were unable to conduct the StanislausrRizodplain area versus flow task because
of delays in a U.S. Bureau of Reclamation hydramadel of the Stanislaus River. This task
will be conducted in FY 2011 with funding from tB®mprehensive Assessment and Monitoring
Program. Following upon an initial hydraulic evaion in FY 2009, we conducted an
additional three hydraulic evaluations of the RéaffBnterim Pumping Plant screens in FY
2010 at a range of Sacramento River flows and poglevels.

The following sections summarize project activitiegween October 2009 and September 2010.
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

5
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spawning report stemming from the stakeholder mevi@ second peer review and a final report
on flow-habitat relationships for spawning and tbgponse-to-comments document were
completed in FY 2010 and the final report and respado comments document were issued on
December 22, 2010.

Juvenile Chinook salmon and steelhead/rainbow trout rearing

Computation of spring/fall-run Chinook salmon amekthead/rainbow trout fry and juvenile
rearing habitat over a range of discharges was atpfor all juvenile rearing sites in FY
2008. The draft report was completed in FY 2008. We #eistdraft 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 reey were completed in FY 2010 and the final
report and response to comments document weredissuBecember 22, 2010.

Chinook salmon and steelhead/rainbow trout juvenile stranding and redd dewatering

A draft report was completed in FY 2008. We séi traft report out for concurrent
stakeholder and peer review in FY 2009. The fiepbrt and response to comments document
were completed in FY 2010 and were issued on Deeegi 2010.

CLEAR CREEK

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

We completed hydraulic model construction for fotithe five study sites (with the exception of
3B) in FY 2009. The hydraulic model constructfonsite 3B began in FY 2010, after we
received additional bed topography data from GraNmatthews and Associates. We completed
calibration for four of the five study sites anag@uction runs for one of the study sites in FY
2010 after we received needed flow data from Grakkatthews and Associates. Production
runs for three of the other study sites are in @eg, and we intend to complete hydraulic model
construction and calibration of Site 3B and produrctuns for all study sites in FY 2011.

Habitat Simulation

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

In FY 2010, spring-run Chinook salmon and steelh@athow trout rearing habitat was
computed over a range of discharges for the siwspea sites and six rearing sites in the Upper
Alluvial and Canyon segments and a draft report ezaspleted. We will complete draft and
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final reports on the 2-D modeling of the spring-@ininook salmon and steelhead/rainbow trout
rearing in the Upper Alluvial and Canyon segmentBY 2010. As requested by the Red Bluff
Fish and Wildlife Office, we distributed a drafpieat in FY 2010 to interested parties for
comment in addition to peer review, as is beingedeith the Yuba River Study reports. In FY
2011, we will complete the peer review of the drafiort and issue a final report and response to
comments document.

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

We completed the hydraulic model production runsafbfive study sites over the range of
simulation discharges, computed fall-run Chinodknem 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 review of the draft report was cortgaleén FY 2010. A final report and response
to comments document will be completed in FY 2011.

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

We will compute fall-run Chinook salmon and stealiheainbow trout rearing habitat over a
range of discharges for the five spawning sitesfaugdrearing sites and issue draft and final
reports in FY 2011.

SOUTH COW CREEK
Redd Mapping
Fall-run Chinook salmon spawning

Redd mapping of the lower 5.25 miles of South Caeek was conducted October 27-30, 2008,
November 24-26, 2008 and Nov 16-18, 2009 at flofysespectively, 16.3, 22 and 17.9-20.7
cfs. Data for redds were collected from an argacadt to the redd which was judged to have a
similar depth and velocity as was present at thd tecation prior to redd construction (Gard
1998). Depth was recorded to the nearest 0.lalodtaverage water column velocity was
recorded to the nearest 0.01 ft/s. Measurements taken with a wading rod and a Marsh-
McBirney® model 2000 velocity meter. Substrate was visuadlsessed for the dominant particle
size range (i.e., range of 1-2 inches) at threations: 1) in front of the pit; 2) on the sideslod

pit; and 3) in the tailspill. The location of eaddd was recorded with a Real Time Kinematic
(RTK) Global Positioning System (GPS) unit, witle tneasurement taken at the center of the pit
of the redd.
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Upstream Passage Assessment
Fall-run Chinook salmon adult

An upstream passage assessment was conducted N®&y 2609 at flows of 17.9-20.7 cfs. The
minimum thalweg depth was recorded for each rdfid cascade that was identified in the
mesohabitat mapping for the lower 5.25 miles oftBd&ow Creek. The hydraulic models of the
study sites were used to estimate the flow thatidvallow upstream passage of adult fall-run
Chinook salmon by determining what flow would reésala minimum thalweg depth of 0.8 feet
(Thompson 1972) for each of the riffles locatedum study sites.

Hydraulic and Structural Data Collection
Juvenilefall-run Chinook salmon rearing

Hydraulic and structural data collection for theoleg Jones, and Farrell study sites was
completed in FY 2010. Two sets of high flow wagarface elevations were collected for Poole,
Jones, and Farrell sites. Due to lack of sufficfands and time constraints, we were unable to
collect data on the Sabanovich study site and eéted it from the study.

We collected the data between the inflow and owtti@nsects by obtaining the bed elevation
and horizontal location of individual points withatal station or survey-grade RTK GPS, while
the substrate and cover (Tables 1 and 2) was Wsasdessed at each point. Bed topography
data collection was completed for the Poole, Jomed Farrell sites.

Hydraulic Model Construction and Calibration
Juvenilefall-run Chinook salmon rearing

The topographic data for the 2-D model (contaimeled files) is first processed using the
R2D_Bed software, where breaklines are added wusea smooth bed topography. The
resulting data set is then converted into a contjounal mesh using the R2D_Mesh software,
with mesh elements sized to reduce the error ingt@dations resulting from the mesh-
generating process to 0.1 foot where possible ngilrte computational constraints on the number
of nodes. The resulting mesh is used in River2Birtaulate depths and velocities at the flows to
be simulated. The PHABSIM transect at the outfeowd of each site is calibrated to provide the
water surface elevation (WSEL) at the outflow ehthe site used by River2D. The PHABSIM
transect at the inflow end of the site is calibdai® provide the water surface elevations used to
calibrate the River2D model. The initial bed rongbses used by River2D are based on the
observed substrate sizes and cover types. A rheitip applied to the resulting bed
roughnesses, with the value of the multiplier ajdso that the WSEL generated by River2D at
the inflow end of the site match the WSEL predidigdhe PHABSIM transect at the inflow end
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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

of the sité. The River2D model is run at the flows at whibk validation data set was
collected, with the output used to determine tlfiidince 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.

All data for the four fall-run Chinook salmon reagisites have been compiled and checked.
PHABSIM calibration and construction and calibratwf the 2-D hydraulic model have been
completed for all four sites and running the prdaurcruns for the simulation flows has been
completed for two of the four sites. The production for the simulation flows for the
remaining two sites will be completed in FY 2011.

* This is the primary technique used to calibrateRher2D model.

9
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Table 2
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
Aguatic vegetation + overhead 9.7
Rip-rap 10

Habitat Suitability Criteria Development
Juvenilefall-run Chinook salmon rearing

We will be using habitat suitability criteria degpked for the Lower Alluvial Segment of Clear
Creek for fall-run fry and juvenile Chinook salmagaring. These criteria were developed in FY
2010 for the Clear Creek study discussed abovegupth, velocity, adjacent velocity and
cover data collected in FY 2007 on 495 occupied@i®lunoccupied locations. Criteria were
developed using logistic regression for both fesé than 60 mm SL) and juvenile (greater than
60 mm SL) fall-run Chinook salmon.

10
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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 Chinoadraon fry and juvenile rearing habitat will

be computed over a range of discharges for theraring sites in South Cow Creek.
Completion of this phase of the study will occuiFvi 2011. We anticipate completing draft and
final reports on the 2-D modeling of the fall-ruhi@ook salmon juvenile rearing in South Cow
Creek in FY 2011.

STANISLAUSRIVER

Biological Verification Data Collection
Chinook salmon spawning

On December 7-10, 2009, we surveyed the entirsertdour IFIM sites (Two-mile Bar,
Horseshoe, Valley Oak and McHenry) establishechbyBureau of Reclamation for fall-run
Chinook salmon redds. Data for redds were coltefrtam an area adjacent to the redd which
was judged to have a similar depth and velocityas present at the redd location prior to redd
construction (Gard 1998). Depth was recordedemtarest 0.1 foot and average water column
velocity was recorded to the nearest 0.01 ft/saddeements were taken with a wading rod and a
Marsh-McBirney model 2000 velocity meter. Substrate was visusdlyessed for the dominant
particle size range (i.e., range of 1-2 incheshiae locations: 1) in front of the pit; 2) on the
sides of the pit; and 3) in the tailspill. Theation of each redd was recorded with a survey-
grade Real Time Kinematic (RTK) Global Positionfgstem (GPS) unit, with the measurement
taken at the center of the pit of the redd. Oamspng biological verification data collection

was largely unsuccessful, with a total of 12 refddsd in the four sites. Two of the sites (Two-
mile Bar and McHenry) did not have any redds.

Juvenilefall-run Chinook salmon rearing
The objective of this work was to collect data &wify the habitat modeling of the four IFIM
sites established by the Bureau of ReclamationA@m 5-8, 2010, we conducted snorkel

surveys of the banks of 650 feet of Two-mile Ba462 feet of Horseshoe, 1,617 feet of Valley
Oak and 300 feet of McHenry for young-of-year (YC&)-run Chinook salmon and

11
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steelhead/rainbow trout. Depth, velocity, adjasaocity’ and cover data were collected both
at locations with YOY salmonids and at locationsalitwere not occupied by YOY fall-run
Chinook salmon and steelhead/rainbow trout (unaecljpcations). Before going out into the
field, a data book was prepared with one line mmheunoccupied location where depth, velocity,
cover and adjacent velocity would be measured.hliae had a distance from the bank, with a
range of 0.5 to 10 feet by 0.5 foot incrementshuhie values produced by a random number
generator. One person snorkeled upstream alonggatileand placed a weighted, numbered tag
at each location where YOY spring-run Chinook sairoosteelhead/rainbow trout were
observed. The snorkeler recorded the tag numbesgecies, the cover c8dmd the number of
individuals observed in each 10-20 mm size clasa Boly Vinyl Chloride (PVC) wrist cuff.

The average and maximum distance from the watdgs ¢éhat was sampled, and the length of
bank sampled (measured with a 300-foot-long taes) also recorded.

A 300-foot-long tape was put out with one end atlttation where the snorkeler finished and
the other end where the snorkeler began. At ed@#pot interval along the tape, a the stadia
rod was used to measure out the distance fromahk gven in the data book. If there was a tag
within 3 feet of the location, “tag within 3" wasaorded on that line in the data book and the
field crew proceeded to the next 20-foot mark antdpe, using the distance from the bank on
the next line. If there was no tag within 3 fekethat location, the depth, velocity and adjacent
velocity at that location was measured with a wgdod and velocity meter, and the cover at
that location was noted. Depth was recorded tm#agest 0.1 foot and average water column
velocity and adjacent velocity were recorded tortbarest 0.01 ft/s. For occupied locations, the
tags were retrieved, the depth and mean water ecolelocity at the tag location were

measured, the adjacent velocity for the locatioreweeasured, and the data was recorded for
each tag number. Data taken by the snorkelerf@cheasurer were correlated at each tag
location. The location of both occupied and un@eed points was recorded with a survey-grade
RTK GPS unit.

® The adjacent velocity was measured within 2 feegither side of the location where
the velocity was the highest, consistent with teénition of adjacent velocity. Two feet was
selected based on a mechanism of turbulent mixargporting invertebrate drift from fast-
water areas to adjacent slow-water areas wher@nihjuvenile salmon and steelhead/rainbow
trout reside, taking into account that the sizeudbulent eddies is approximately one-half of the
mean river depth (Terry Waddle, USGS, personal comoation), and assuming that the mean
depth of the Stanislaus River is around 4 feet, @.efeet x %2 = 2 feet). This measurement was
taken to provide the option of using an alternatigbitat model which considers adjacent
velocities in assessing habitat quality. Adjacexibcity can be an important habitat variable as
fish, particularly fry and juveniles, frequentlyside in slow-water habitats adjacent to faster
water where invertebrate drift is conveyed. Baid tesidence and adjacent velocity variables
are important for fish to minimize the energy exgliture/food intake ratio and maintain growth.

® If there was no cover elements (as defined in&aphwithin 1 foot horizontally of the
fish location, the cover code was 0.1 (no cover).

12
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Our rearing biological verification data collectiaas largely unsuccessful, with a total of 9
observations of YOY salmonids in the four sitesvofthirds of the observations were at the
Two-mile Bar site. One site (McHenry) did not harey YOY salmonids. Four of the
observations were fall-run Chinook salmon, rangmsgize from 35 to 50 mm TL, and five were
steelhead/rainbow trout, ranging in size from 48@anm TL.

Hydraulic M odel Construction and Calibration
Fall-run Chinook salmon and steelhead/rainbow trout spawning and rearing

The topographic data used for the four sites inmllidtal station data collected by the Bureau of
Reclamation, as well as previously collected LiDktection And Ranging (LIDAR) and Sound
Navigation And Ranging (SONAR) data. The LIDAR é8@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 data ma@tsavailable for the Two-mile Bar site,
an artificial one-channel-width upstream extensi@s used, based on the cross-sectional profile
at the upstream end of the site. The topograpdtia fbr the 2-D model (contained in bed files)
is first processed using the R2D_Bed software, eheeaklines are added to produce a smooth
bed topography. The resulting data set is thenexded into a computational mesh using the
R2D_Mesh software, with mesh elements sized tocethe error in bed elevations resulting
from the mesh-generating process to 0.1 foot whessible, given the computational constraints
on the number of nodes. The resulting mesh is usRiver2D to simulate depths and velocities
at the flows to be simulated.

The PHABSIM transect at the outflow end of each stcalibrated to provide the WSEL at the
outflow end of the site used by River2D. The PHAMB$ransect at the inflow end of the site is
calibrated to provide the water surface elevatigse to calibrate the River2D model. The
initial bed roughnesses used by River2D are basd¢tdeobserved substrate sizes and cover
types. A multiplier is applied to the resultingdb®ughnesses, with the value of the multiplier
adjusted so that the WSEL generated by River2Deaairtflow end of the site match the WSEL
predicted by the PHABSIM transect at the inflow efidhe sité. The River2D model is run at
the flows at which the validation data set wasem#d, with the output used to determine the
difference between simulated and measured velecidiepths, bed elevations, substrate and
cover. The River2D model is also run at the siaifaflows to use in computing habitat.

All data for the four sites have been compiled elneicked. The bed files and computational
meshes for two of the four sites were completeeMr2010. The remaining hydraulic model
construction and calibration will be completed it Z011.

" This is the primary technique used to calibrateRher2D model.

13
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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#deriteria from unoccupieds in model, rerun
earlier analysis comparing SAM and CSI; and 6)eevstatistical approach for these. The
juvenile habitat use and spawning area mappingwasasupplied by the Red Bluff Fish and
Wildlife Office. Discussions during FY 2009 narredvthe scope of this work to examining data
from restoration sites 3A and 3B. CSI values fta 3B will be computed from the River2D
model developed for the Clear Creek IFIM study.l @G8ues for site 3A will be computed from
a River2D model that will be developed using: &jllbopography data previously collected by
Graham Matthews and Associates; 2) substrate arat polygon mapping that the Energy
Planning and Instream Flow Branch conducted in B9 and 3) transect data collected by the
Energy Planning and Instream Flow Branch in FY 2009

Results

Transect and substrate and cover polygon dataceengleted in FY 2009. The substrate and
cover polygon data will allow us to assign substrabver and bed roughness values to each of
the bed topography data points previously collebe@Graham Matthews and Associates. We
plan to conduct hydraulic modeling construction aatibration and habitat simulation for the

3A study site in FY 2011 once we have obtainedodektopography data previously collected by
Graham Matthews and Associates. After we have tetegbthe hydraulic modeling

construction and calibration and habitat simulatamrthe 3A and 3B study sites, we will be able
to complete the first five subtasks. The sixthtask was completed in FY 2009 by Western
Ecosystems Technology, Inc. under a Cooperativeé&gent funded by the Energy Planning
and Instream Flow Branch. We plan to completeéhisre task in FY 2011.

American River Gravel Placement Monitoring and Design M odeling
Methods

The purpose of this task was to collect topogragdiy to be used in the design for gravel
placement in the American River and to model thewam of fall-run Chinook salmon and
steelhead spawning habitat, over a range of fltlveg,would be created by four different
alternative designs for the gravel placement. \Atkpreviously collected topography data for a
portion of this site (located upstream of Sunrisele), as well as downstream of the site, in
1998 (U.S. Fish and Wildlife Service 2003). Higbtws in 2006 resulted in downcutting of the
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main stream river channel at the upstream end ¢fland downstream of the site. As a result, a
side channel that used to flow at a total AmeriRarer flow of 800 cfs no longer had flow until
the total American River flow reached an estim&g@00 cfs. The gravel placement design
consisted of both placement of spawning-sized nadteear the upstream end of our 1998 site to
create spawning habitat, and placement of largeéema&in the downcut main channel location
to raise the water surface at this location, sottieside channel would once again flow at lower
American River flows.

We collected the following data to assist in theige of the gravel placement: 1) topographic
surveys at both locations where material was tplaeed; 2) measurement of the WSEL at the
location of one of our 1998 transects, locatedrepst of the island, to determine how much the
WSEL had dropped as a result of the channel dowinguB) resurveying the cross-sectional
bed profile at two of our 1998 transects that wecated in the side channel; 4) surveying the
thalweg profile of the side channel. The topograghirveys at the placement locations were
performed using survey-grade RTK GPS units fordityeand shallow portions of the locations,
and with a combination of an Acoustic Doppler Catrerofiler (ADCP) and a survey-grade
RTK GPS unit for the deeper portions. For eachetrse with the ADCP, the RTK GPS was
used to record the horizontal location and WSEthatstarting and ending location of each
traverse, while the ADCP provided depths and dcsaracross the traverse. The WSEL of each
ADCP traverse is then used together with the defptims the ACDP to determine the bed
elevation of each point along the traverse. Feidlcation where the spawning-sized material
was to be placed, we also collected substrate ever cata for each topographic point collected
with the survey-grade RTK GPS unit, and mappedibssate and cover polygons for the areas
sampled with the ADCP; the vertices of these pahggwere recorded with the survey-grade
RTK GPS unit. The RTK GPS data had an accura€ylofoot horizontally and vertically. The
measurement of the WSEL at the location of oneuofl®98 transects and the survey of the
thalweg profile of the side channel were performatth the survey-grade RTK GPS unit, while
the re-survey of the side channel transects wafferpeed with an autolevel and stadia rod.

We developed hydraulic and habitat models for {p&tream gravel location by combining the
following topographic data sources: 1) the toppbradata we collected in 2010 for the gravel
placement area; 2) our 1998 topographic data tmvenstream extension from the downstream
extent of our 2010 data collection to the 1998deamh location upstream of the island; 3) coarse-
scale topographic data from upstream of our 2018 clallection supplied by the Bureau of
Reclamation; and 4) topographic data for the grawvék placed, for four different designs,
supplied by cbec, inc. eco engineering. The firste data sources were used for all four
designs. The topographic data for the 2-D modwmit@ned in bed files) was first processed
using the R2D_Bed software, where breaklines weded to produce a smooth bed topography.
The resulting data set was then converted inta@adational mesh using the R2D_Mesh
software, with mesh elements sized to reduce ttoe gr bed elevations resulting from the mesh-
generating process to 0.1 foot where possible ngilre computational constraints on the number
of nodes. The resulting mesh was used in Rive@&mulate depths and velocities at the flows
that were simulated (1,000 to 5,000 cfs by 1,0@80rmérements). The 1998 stage-discharge
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relationship for our transect upstream of the dlaas used as the downstream boundary
condition for the hydraulic models of the four dgs. The hydraulic models were used with
fall-run Chinook salmon and steelhead spawningatthat we previously developed on the
American River (U.S. Fish and Wildlife Service 20@0d channel index files, using the substate
data we collected in 2010 and an assumed subsfrat8 inches for the gravel to be placed, to
generate the amount of fall-run Chinook salmon stedlhead spawning habitat, for flows of
1,000 to 5000 cfs, for the four designs.

Results

The measurement of the WSEL at the 1998 transettagm of the island indicated that the
WSEL at that location had dropped 1.29 feet asaltref the downcutting of the main channel
at the upstream end of the island. The data ¢ellieitom the side channel did not indicate any
significant change in the topography of the sidenciel since 1998. Figures 1 and 2 show the
predicted spawning habitat (i.e., weighted usalda)ahat would result from the four designs.

Discusssion

The modeling of the designs was valuable both amtjty the relative benefits of the designs
with regards to spawning habitat, and to enable@gstaff to visualize the habitat that would
result from the designs. Evaluation of the fousiges was complicated by the varying amounts
of gravel used in the different designs. We recemdnthat the alternative designs for the 2011
gravel addition all be based on the same volungrafel to be added.

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 Chinook salmon and
steelhead/rainbow trout redds in the SacramentdAamerican Rivers and Clear Creek. On
October 26-29, 2009, we surveyed the shallow pastmf eight two-dimensional hydraulic and
habitat modeling sites on the Sacramento River éetvKeswick Dam and Battle Creek, that we
had developed using hydraulic and structural detwe collected in 1997 to 1999, for fall-run
Chinook salmon redds. In addition, we relocatadgect pins and vertical benchmarks for these
sites, to be able to convert the redd locationsfreal-world Universal Transverse Mercator
(UTM) horizontal coordinates into the local coorati® systems that we had used for these sites.
Data for redds were collected from an area adjacethie redd which was judged to have a
similar depth and velocity as was present at thd tecation prior to redd construction (Gard
1998). Depth was recorded to the nearest 0.1alodtaverage water column velocity was
recorded to the nearest 0.01 ft/s. Measurements taken with a wading rod and a Marsh-
McBirney® model 2000 velocity meter. Substrate was visuadlsessed for the dominant particle
size range (i.e., range of 1-2 inches) at threations: 1) in front of the pit; 2) on the sideslod
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pit; and 3) in the tailspill. The location of eaddd was recorded with a survey-grade Real
Time Kinematic (RTK) Global Positioning System (QRf@it, with the measurement taken at
the center of the pit of the redd. On Novembef232009, we collected the same data for five
sites on the American River that we had develogeaguhydraulic and structural data that we
collected in 1997 to 1998, for shallow fall-run @bok salmon redds. On February 16-18, 2010,
we collected the same data for steelhead/rainbowt tedds in our five American River sites.

For Clear Creek, the Red Bluff Fish and Wildlifefioé supplied us with spawning area mapping
polygons for fall-run Chinook salmon and locatidossteelhead/rainbow redds. From this data,
we used the redds located in five two-dimensiogdfrdulic and habitat modeling sites on the
lower alluvial segment of Clear Creek, that we Hadeloped using hydraulic and structural data
that we collected in 2006 to 2007. Since we haalbdished these sites based on UTM
coordinates, we were able to convert the redd lmesito local coordinates by just subtracting
given numbers from the UTM coordinates. For thensgng area mapping, we determined how
many redds were in each mapped polygon by divitiegarea of the polygon by 21 ¥/fedd

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

Results

For the Sacramento River, we found a total of sty fall-run Chinook salmon redds in our
eight study sites. For the American River, we fbartotal of 231 shallow fall-run Chinook
salmon redds and 35 shallow steelhead or latetfallChinook salmon redds in our five study
sites. Likely a large portion of the American Rigteelhead redds were actually late-fall-run
Chinook salmon redds, which spawn at the samedsrsteelhead. The only redds we were able
to positively identify were those with fish on theaif these, four had late-fall-run Chinook
salmon on them and three had steelhead on themallfed the Sacramento and American River
sites, we were able to locate enough transectquimsrtical benchmarks in each site to enable us

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 unsufficient intaagt 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

to convert the redd locations from real-world Umsag Transverse Mercator (UTM) horizontal
coordinates into the local coordinate systemswleahad used for these sites. For Clear Creek,
there were a total of 526 fall-run Chinook salmedds and 84 steelhead redds in our five study
sites.

Figures 3 through 5 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. No b(2) water wad as the Sacramento River in FY 2010;
accordingly, no redds would have been dewaterb(Rif water had not been used. Use of b(2)
water potentially prevented dewatering of 102 (198#)run Chinook salmon redds and 50
(60%) steelhead redds on Clear Creek. For the iareRiver, use of b(2) water potentially
prevented dewatering of 84 (36%) shallow fall-rumr@ok salmon redds and 14 (40%) shallow
steelhead redds.

Discusssion

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

1% These criteria were developed for steelhead, leut \&pplied to both steelhead and late-fall-
run Chinook salmon redds, as we were unable tordate which species created most of the
redds.
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Sacramento River flows for FY 2010 b(2) redd dewatemontoring
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American River flows for FY 2010 b(2) redd dewatgrmontoring
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Figure 5
Clear Creek flows for FY 2010 b(2) redd dewatemmgntoring
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longer valid. On a qualitative level, the SacratodRiver sites have not appeared to change,
while several of the American River sites (Sundsd Above Sunrise) have changed due to
restoration projects and river downcutting. Wengia perform a quantitative evaluation of this
guestion in FY 2011 using the measured depths alutities at the redd locations, by
comparing them to simulated depths and velociti¢seaflow present during data collection. In
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addition, we plan to use a current hydraulic andithimodel of the lower portion of the Sunrise
site, developed by NMFS Santa Cruz staff, and ttieaulic and habitat model we will be
developing of the restored Above Sunrise site in20Y1, as part of the American River gravel
placement monitoring, to evaluate the benefits(@j water for these two sites in FY 2011. A
source of uncertainty in the American River residtthe relative benefit of b(2) water for
steelhead versus late-fall-run Chinook salmon;naigas, the monitoring demonstrates benefits
overall to anadromous salmonids. For Clear Crewst of the fall-run Chinook salmon redds
were dewatered as a result of the depth dewateritegia, while most of the steelhead redds
were dewatered as a result of the velocity dewagestiteria, indicating that there may be
different mechanisms causing egg and pre-emerggenidrtality from redd dewatering for
different species.

Red Bluff Interim Pumping Plant Screens Hydraulic Evaluation
Methods

On May 10 through September 2, 2009, the Serviasnored near-screen velocities on the 10
cone screens located on the intake for the Red Bitdrim Pumping Plant (Appendix A). Two
sets of measurements were made while the pumpsoperating, while one set was made when
the pumps were off. Approach and sweeping vekxitvere measured with a SonTek 16 Mhz
Acoustic Doppler Velocimeter (ADV) provided by tB&/PIA Anadromous Fish Screen
Program. The ADV measured near-screen velocitiesi&s from the screen face. Velocities
were measured at 48 locations, in an array of @hdegnd 8 positions around each screen. For
the upstream-most screen, velocities were measur@6l locations. Velocity measurements
were recorded at a rate of 25 HZ for a minimum®#&6éconds.

Results

Approach velocities on Screens 8 — 10 did not ex€e45 ft/s, but none of these screens
consistently had approach velocities well distrdalibver all screen areas. Flow distribution on
screen numbers 1 — 5 were heavily influenced bsrrurrent. Approach velocities in areas
receiving direct impact of the current far exceetteddesign target value of 0.35 ft/s. Data
collected when the pumps were not operating indet#tat the high approach velocities were
due to a combination of river current and pumpiAgproach velocities exceeded 0.33 ft/s for at
least one location for all screens except Screenth the pumps were not operating.

Discussion

Overall, the results of this testing confirm thas tse of conical screens in areas where there is a
dominant current in the water body is problematra) that the use of conical screens should be
restricted to the areas where they were develapegédrate (tidal and back water areas where
water depths are shallow and there is no dominaméist in the water body) to reduce the
probability for impingement of fish onto the scrdane. Based on the high approach velocities
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we measured when the pumps were not operatingeeeemend that the screens and associated
facilities be removed after 2011. When selectitngre to reuse these screens, the screens
should be used in tidal and back water areas whater depths are shallow and there is no
dominant current in the water body. For 2011,ghabability of impingement of fish onto the
screen faces would be reduced by selectively ubglownstream-most screens and

minimizing pumping from the interim pumping plabgth in terms of pumping rates and length
of time that the interim pumping plant is operat&hile additional hydraulic monitoring of the
interim pump screens is not warranted, we strorggpmmend that hydraulic monitoring be
performed for the flat-plate screens for the RedffBlermanent pumping plant after the plant is
operational, currently scheduled for 2012.
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APPENDIX A

Red Bluff Interim Pumping Plant Screens Hydraulic Evaluation



Results From Hydraulic Evaluation Of Cone Screen$¢hama
Colusa Canal Authority’s Interim Pumping Plant, MEY—
September 2, 2010, Red Bluff, California

Team of evaluation participants:

* Mark Gard, Ph.D., U.S. Fish and Wildlife ServiceSfpVS)
» Ed Ballard, USFWS
* Rick Williams, USFWS

Background

Reclamation built the interim pumping plant as@ggp measure in early 2009 to divert water
from the Sacramento River to the Tehama Colusa Jaal during annual “gates out” periods
for the three years of construction of a long-t@umping plant. Designed in response to a
December 2008 mandate for delaying “gates in” dpmraf the Red Bluff Diversion Dam
(RBDD) until June annually, beginning in 2009, fiant uses the most readily available “off-
the-shelf” technology.

The interim pumping plant has ten vertical pumpsheaasith a design capacity of 50 cfs (Figure
1). Pumps 1 through 5 and 10 are 300 Horsepowey, (thile Pump 6 is 350 HP and Pumps 7
through 9 are 400 HP. Pumps are paired to feeq &6 inch conveyance pipes that lead to the
settling basin at the head of the TC Canal. Earchgpis screened with a 14 ft diameter conical
fish screen manufactured by Intake Screens, In§. (Bach screen has a total surface area of
approximately 180 square feet and has a rotatinghbeleaning system for debris removal that
operates on a programmable timer. Conical screens developed to operate in tidal and back
water areas where water depths are shallow ane ihe@o dominant current in the water body.
They were chosen for this project based on thdashalater conditions at the proposed site
even though it was doubtful that approach and simgegelocity criteria could be met with this
screen design A condition of accepting the proposed design thas velocities would be
measured across the surface of each screen anesthits provided to DFG and NMFS to assure
they meet state and federal fish screening criteda initial hydraulic evaluation of the cone
screens was made on June 1-10, 2009 by an intenatgam (U.S. Fish and Wildlife Service
2010).

Goal of Hydraulic Evaluation

Goals of fish screen hydraulic evaluations aredsfby 1) to measure near screen water
velocities under a near worst case scenario ofsiwe rate and river flows expected to be
encountered throughout the life of the facilitydd?) to adjust flow control baffles to distribute
flow uniformly over the entire screen surface. &ivhe atypical use of the cone screen

! NMFS fish screen criteria documeRtsh Screening Criteria for Anadromous Salmonids (1997) states, “screen
design must provide for uniform flow distributioner the surface of the screen, thereby minimizipreach
velocity.” The CDFG documenkish Screening Criteria (June, 2000) states, “[t]he design of the scréaii s
distribute the approach velocity uniformly acrdss tace of the screen.”

2 Refer to conditions 6.4 and 6.7 of Incidental T&eemit No. 2081-2009-006-01 issued by the Californ
Department of Fish and Game.
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Figure 1. Layout of pumps and screens at the intemi pumping plant. Screens and pumps were numbered 1
through 10, left to right.

technology at the interim pumping plant, there wakird goal to this evaluation: to determine
whether or not the cone screens could be opemateahformance with the State and federal fish
screening criteria. The goal of the 2010 testimg ¥o evaluate the hydraulic performance of the
cone screens under a range of river flows and poypepating conditions. An additional goal

was to determine if potential impingement wouldwcat the screens even if the pumps were not
operating. The null hypotheses for the above goale: 1) that the cone screens, under a range
of river flows and pump operating conditions, wonidet State and federal fish screening
criteria; and 2) that potential impingement woutd accur at the screens even if the pumps were
not operating.

Methods

A SonTek 16 MHz Acoustic Doppler Velocimeter (ADWgas used to measure near-screen
velocities in three dimensions: X, Y, and Z. ThB\Awas positioned such that approach
velocity was measured directly by the X componédrthe probe. Sweeping velocities were
calculated as the resultant of Y and Z measuragegal Raw data for each location were stored
in separate files and processed with WinADV, a progdeveloped by the U.S. Bureau of
Reclamation. Point-average velocities were pramksgth Microsoft Excel to produce charts
and graphs. Total discharge for each screen weslated based on screen area and approach
velocities as a quality control procedure. Therfola to calculate the total discharge was as
follows:

Total Discharge 3’ screen are@pth position X average approach velocsin position i



Data were collected on three occasions betweenIand September 2 as shown in Table 1.
Pumps were operating on May 10-13 and August 3fiteB®ber 2 but were not operating on
June 7-10. Pump 10 was out of commission on AuglisEeptember 2. A shallow draft,
aluminum boat owned and operated by USFWS wastosgevide safe access to the screens.
The boat was tied up to structural piles typicatithin four feet of the top of each screen unit.
This distance was thought to provide sufficientfeufgainst interference with screen velocities.

Screen area was divided into forty eight zonesiiaraay of six depths and eight positions
(bearings) around each screen unit for pumps 21gird.0 (Figures 2 and 3) and into ninety six
zones in an array of six depths and sixteen besaforgoump 1. Velocity measurements were
taken at or near the center of each zone. Posit@mreach measurement along each bearing and
screen area for each zone are shown in Figur&Mdmanufactured a jig to position the probe

that attached to the screens’ cleaning systemsi@i, Photo 1). By operating the cleaning
system and adjusting the jig the ADV could measi&r-screen velocities three inches from the
screen face at nearly any point on the screenpidiee size prevented measuring velocities
within the top two feet on each screen (Photo\&locity measurements were recorded at a rate
of 25Hz for a minimum of 60 seconds.

Results and Analysis

Plots of approach velocity and sweeping velocittagae shown in Appendices A and B,
respectively. The plots show the distribution efocities around the screen, with different lines
for each position vertically on the screen. Ferdpproach velocities, velocities that fall within
the red polygon are negative approach velocitié®re/flow was coming out of the screen.
Approach velocities on Screens 8 — 10 did not ex€e45 fps, but none of these screens
consistently had approach velocities well distrdalibver all screen areas. Approach velocity
distribution on screen numbers 1 — 5 were heamflyénced by the river current. Approach
velocities in areas receiving direct impact of theerent (i.e. the upstream surface of the screens)
far exceeded the design target value. Velocity tatizate water will pass through the porous
cones, entering the upstream side and exiting alansgtream side. All screens showed water
exiting the screen, indicated by negative appra@tbcities in the plots in Appendix A, for at
least one location during at least one samplinggdealthough this effect was most pronounced
for Screen 1.

Although the steel plate on the upstream side ofe&Stl successfully reduced flow through
what would likely otherwise had been the hottest’spn all screens, there were still high
approach velocities on either side of the stedkpld&pproach velocity measurements at bearing
270 degrees were taken directly over the soliceatd ranged from 0.17 to 0.56 fps when pump
1 was operating, despite having a solid barriezghinches away. Approach velocities to either
side of the barrier plate at bearings 247.5 and228#hged from 0.41 to 1.28 and 0.82 to 1.41
fps, respectively, when pump 1 was operatings itriknown what effect the plate had on
approach velocities elsewhere on the screen. Dass balance basis, the elimination of flow
intake from the portion of the screen covered whthsteel plate will increase approach
velocities elsewhere on the screen. However, ldte pccelerates flow parallel to the screen
face immediately to the edge of the plate, possibdyving water out of the screen due to the

®The hottest spot refers to the location on theestrth the highest approach velocity.
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Table 1. Pumping plant and river data.

Screen #/ Date Tested Recorded Paired Measured Paired River Flow at
Pump Pair Pumping Rate (cfs) Pumping Rate (cfs) Bend Bridge (cfs)
78&8 5/10/10 47-766 38.1,24.3 9,930
9&10 5/11/10 81.3-81.9 97.7 10,400
5&6 5/11/10 90.6 — 90.7 94.3 10,400
1&2 5/12/10 90.4-91.3 97.5 9,770
3&4 5/12-13/10 91.6 -91.8 94.6 9,510-9,77
1 5/13/10 6 5.6 9,510
48&5 6/7/10 0 9.4,1.9 17,500
6-9 6/8/10 0 -2.4,2.2,0.3, 3.7 16,800
2-3&10 6/9/10 0 42,17.6,1.4 14,600
7&8 8/31/10 745 -75.4 61.8 8,950
5&6 8/31/10 89-90 76.7 8,950
3&4 9/1/10 90.8-91.4 92.8 9,100
1&2 9/1/10 90.3-90.4 92.0 9,100
9 9/2/10 50.9 42.3 8,960

180

Figure 2. Plan view of locations for velocity measements on each cone screen: six positions alongchaf

eight bearing angles for a total of 48 measuremeidcations. The point naming convention used inctied the
bearing angle (with “0” being closest to the pump @lumn), and distance from the toe of the screen @.1, 2,
3, 4, 5) as shown in Figure 4.

* The recorded flow for Pump Pair 7 & 8 was 47 afsing testing of Screen 8 and was 76.6 cfs dussgrg of
Screen 7.

® The first flow was the individual pumping rate oump 7, the second flow was the individual pumpitg for
Pump 8 excluding two outliers at bearing 135 (-G#bat height 4 and -1.19 fps at height 5).

® The flow rates of zero are the nominal flow sitiee pumps were off. On 5/13/10 with pumps 1 andf 2he
recorded flow for this pump pair was negative 7 cfs

" Calculated excluding velocities measured at 2 #fieks (directly over the metal plate).
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Figure 3. Partial section of a cone screen showirgcations where water velocities were measured (asws,
distance values in feet) and the screen zone aressaciated with those measurements (square feet ofeen
area per zone). (Zones not shown to scale.)

“eloclty Probe
Pasitioning Jig

Wheel

Veloclty
Proke

Sampte\ :
Volume P

Figure 4. Diagram of equipment used for measuringelocities on cone screens. The jig arm could baised
or lowered to the appropriate elevation on the scren. The jig was attached to the rotating brush sysm for
positioning the velocity probe around the circumfeence of the screen.



Photo 2. ADV probe in its highest position on thecreen measured velocities two feet below
the top of the screen panel.
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Bernoulli effect (S. Thomas, personal communicgtidn any case, we recommend keeping the
plate installed on Screen 1 to reduce approaclciigls at what would have been the hottest spot
on all screens.

Data collected when the pumps were not operatidigated that the high approach velocities
were due to a combination of river current and pugp Approach velocities exceeded 0.33 fps
for at least one location for all screens excepeé&t 10 when the pumps were not operating.
While the patterns of approach velocities were gahesimilar for the two sampling periods
when the pumps were operating, there were somdisat differences in some cases. For
example, the approach velocities for Screen 8 wenerally evenly distributed on May 10, but
were not evenly distributed on August 31. Thidqratindicates the importance of sampling
under different conditions to fully evaluate thedhgulic conditions present around fish screens.

Sweeping velocities varied over a wide range dejpgnah location. On Screen 1, sweeping
velocities were 2 — 3 fps on the leading edge 64ps on either side, and approaching 0 fps on
the downstream side. Sweeping velocity patterrme senilar on Screens 2 and 3, but to a lesser
magnitude. All screens had at least one point &/ttee sweeping velocity was essentially zero.

Conclusions

Screens located in the main river current (Scrden8) had hot spots exceeding 1.0 fps, speeds
that could present a serious hazard to juvenilaaaids and sturgeon, as well as other fish.
Screens 4 - 6 also had hot spots in patterns sititnose on Screens 1 — 3, although to a lesser
magnitude.

In 2009, with only 48 measurements, the overaltaye approach velocity on Screen 1 was less
than zero, indicating more water was exiting theag than entering it, which is erroneous since
with the pump operating more water would be entgtite screen than exiting it. The doubling
of the number of measurement points on Screer2010 substantially improved the diversion
rate estimates, resulting in calculated diversaieg of 41.4 — 43.4 cfs. Accurate measurements
of approach velocities when pumps are not in opmravould likely require a similar level of
effort, since with 48 measurements, differences/een water entering and exiting the screen
were as much as 17.6 cfs.

Comparisons of recorded and measured pumping (fBaede 1) indicate probable errors in both
values. These data imply inaccuracies in then@ fiow meters and errors in measurements of
the approach velocities. If the actual diversiate was less than what was measured, approach
velocities will be greater and flow distribution ynaot be as uniform at the full diversion rate
than they were when measured during this evaluafidrere was no apparent pattern in recorded
versus measured pumping rates, with recorded flowsr during the May sampling period but
generally higher during the August to Septemberndia period. For a cone screen,
theoretically diversion rates should be calculdbgdnultiplying zone approach velocity by zone
area where zone area is not actual screen are#isebartea of a cone with a base diameter six
inches greater than that of the screen (S. Thopssspnal communication). This would

increase all calculated diversion rates and, theaify, take into account water changing
direction within the three inch area between trabprand screen. The accuracy of the measured



pumping rates is limited due to the finite numbemeasurement points practical for taking
measurements and the turbulence in the systemasouracies associated with the calculated
pumping rates needs to be considered in evaluttiaglata.

Based on measurements, calculated from approachityemeasurements, when the pumps
were off, the measured discharges typically ovenese the flof entering the screens, but the
overestimate can range from 0.3 to 17.6 cfs. Ernromeasured approach velocities are also
suggested by two outliers on Screen 8 on May 1@gveltl of the other approach velocities were
greater than zero in this case, the two outliecsrhaasured approach velocities of -0.75 and
-1.19 fps. Estimates of measured pumping ratedylikould have been improved by measuring
more velocities per screen. The measurements imp duwith the pump off suggest another
possible source of error in the approach velogitiasnely due to the velocities being measured
three inches off the screen. The approach vedscdf around 3 fps measured over the steel plate
when pump 1 was off indicate that in some casesuhent switches from approaching the
screen to sweeping the screen at a distance ¢lemeB inches from the screen.

Adjusting the flow control baffles on Screens 60-May be appropriate to increase the
uniformity of flow distribution over the entire s@n surface of those screens. Adjusting the
existing baffles will not likely have much effeat avater passing directly through screen units 1
— 5. A completely different baffle system whichhgmartmentalizes screen sections, preventing
flow from passing in one side and out the othemil@reatly improve approach velocity
distribution on screens located in an active curfee Screens 1 —5).

Sweeping velocity criteria were not always met,eesgly in the backwater area of Screens 6 —
10. When sweeping velocities are very low scresrspots accumulate debris and present a
greater hazard of impingement than a screen wihtgr sweeping velocities. In areas where
sweeping velocities are very low manual debris nesths important to maintain satisfactory
hydraulic conditions. Screen 7 appeared to hawditdgest debris problem. Screen 10 had a
one and a half foot by two foot sign that was anflgeto the screen due to approach velocities on
May 11, 2010; we removed the sign before startelgaity measurements. This observation
suggests that manual inspection of the screerseidat on a regular basis to ensure that the
screens are free of debris.

For most measurement locations, sweeping velo@ieseded approach velocities, in many
cases by an order of magnitude or more. At thosations, fish coming in contact with the
screen face will likely have sufficient velocity be deflected off the screen and continue with
the prevailing current. In areas where sweepingoiy is low, a screen with hot spots may lead
to fish impingement (injury and/or mortality). uiulence in the vicinity of Screens 1 — 4 may
disorient juvenile fish allowing predator speciedi¢ in wait in calmer waters for feeding
opportunities.

8 Overestimate means any measured flow greaterzéfransince with the pumps off there should
be no net flow entering the screens.



Reclamation’s interim pumping plant at Red Bluffsadesigned and constructed in early 2009,
using “off-the-shelf” technology. The technologgswecognized as being problematic for use
in flowing waters, but was the best option ava#ahblthe time allowed. This monitoring study
confirms that use of these conical screens is prodtic in the face of a strong, dominant
current. The 8 conical screens are best suitethéoshallow tidal and backwater environments
for which they were designed. In the presencerohg flows, problems consistently occur with
hot spots and failures to meet approach critdtiss recommended that the screens be removed
following the 2011 irrigation season. When selagtivhere to reuse these screens, the screens
should be used in tidal and back water areas whater depths are shallow and there is no
dominant current in the water body. For 2011,pghabability of impingement of fish onto the
screen faces would be reduced by selectively ubglownstream-most screens and
minimizing pumping from the interim pumping plabgth in terms of pumping rates and length
of time that the interim pumping plant is operated.

References
U.S. Fish and Wildlife Service. 2010. Identificet of the instream flow requirements for

anadromous fish in the streams within the centaliey of California and fisheries
investigations. U.S. Fish and Wildlife ServiceacB&amento, CA.



ach Velocity (fps), Screen#1, 9110

Appendix A — Approach Velocities
Approac

ity (fps), Screen#1, 512110

Q
o
L]
>
£
(%)
o
2
o
(=3
<

(=1

Sgw @
s 8T|e - ™ o ®m o ow

proach Velocity (fps), Screen#1 p




11



45

Approach Velocity (fps), Screen# 3, 5/12/10 Approach Velocity (fps), Screen# 3, 91/10

0
1.0

0.6,
o

Fasition on

135

EIEEH







n#5, 8/31110

Approach Velocity (fps), Scree

Approach Velocity (fps), Screen# 5, 51110

315

225

1.0

0.8

45

0.8

04

Approach Velocity (fps), Screen# 5 pump off




15



80

45

135

1 N
h
|
| \
|
: (= I\ = (=1 o = (=1
¥ / 0

Approach Velocity (fps), Screen# 7, 5/10/110 Approach Velocity (fps), Screen# 7, 8/31/10
0

180




Approach Velocity (fps), Screen # 8, 511010

0
0.6

04
N

0.2 o

45

04 \

0.8 \!

a0

133

180

45

315

Position on
screen up
fromtoe
(feet)
——05
—_1
270 —&—2
3
—K—4
—-—5

225

Approach Velocity (fps), Screen# B pump off
0

0.

04

Approach Velocity (fps), Screen# 8, 8/3110

315

a0

135

=06

180

17

225

270

Position on
screen up
fromtoe
(feet)

——05
-1
—&—2
3
——4
—e—5

Paosition on
screen up
fromtoe
(feet)

——105
-
—&—2
3
—— 4
——5







Approach Velocity {fps), Screen #10, 5/11/110

Pump 10 was out of commission on 8/31-9/2/10
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