RECLAMATION

Managing Water in the West

Tracy Technical Bulletin 2015-1

Facility Efficiency for Splittail, Tracy Fish
Collection Facility, Byron, California

: Striped Bass

WENT OF THE
JEPART INT5
38 &

U.S. Department of the Interior

Bureau of Reclamation

Mid-Pacific Region and

Denver Technical Service Center May 2015




The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including
suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite
1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if
it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
May 2015 Final

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Facility Efficiency for Splittail, Tracy Fish Collection Facility, Byron,
California

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Cathy Karp and Judy Lyons

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Bureau of Reclamation, Technical Service Center NUMBER
Fisheries and Wildlife Resources Group, 86-68290 ) )
PO Box 25007, Denver, CO 80225-0007 Tracy Technical Bulletin 2015-1

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
Bureau Pf Reclama}tlon, - 11. SPONSOR/MONITOR'S REPORT
Tracy Fish Collection Facility NUMBER(S)
16650 Kelso Road, Byron, CA 94514

12. DISTRIBUTION/AVAILABILITY STATEMENT
Available from the National Technical Information Service (NTIS)
Operations Division, 5285 Port Royal Road, Springfield, VA 22161

13. SUPPLEMENTARY NOTE

14. ABSTRACT
The Bureau of Reclamation’s Tracy Fish Collection Facility (TFCF) in central California was designed in the mid-1950s to divert,
collect, and return salvaged fish to the Sacramento-San Joaquin River Delta from exported flows enroute to the C.W. “Bill” Jones
Pumping Plant. TFCF fish diversion efficiency was considered high in the early decades of operation due in part to short-term
pumping and low numbers of entrained fish. However, year-round pumping began following completion of San Luis Reservoir in
the 1960’s, and today, millions of fish comprising 50+ species may be drawn into the facility. Juvenile splittail (Pogonichthys
macrolepidotus) louver efficiency was evaluated using release-recapture experiments. In 13 trials, secondary and primary channel
louver efficiency averaged 75.1 percent and 13.2 percent, respectively. Whole facility efficiency averaged 10.4 percent. Secondary
channel louver efficiency was similar to previous estimates for the species and more fish appeared to louver successfully in day than
night. Whole facility and primary channel louver efficiencies were low, largely due to the high number of experimental fish not
recovered in the holding tank (>73 percent). These unaccounted for experimental fish may have moved upstream out of the facility,
lost through the louvers or lost to predation within the facility.

15. SUBJECT TERMS
juvenile splittail, louver efficiency, Delta, fish collection

16. SECURITY CLASSIFICATION OF: 17.LIMITATION  |18.NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT | OF PAGES Donald E. Portz, Ph.D.
21
a.REPORT |b. ABSTRACT |a. THIS PAGE 19b. TELEPHONE NUMBER (include area code)
303-445-2220

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. 239.18




Tracy Fish Facility Studies
California

Facility Efficiency for Splittail, Tracy Fish
Collection Facility, Byron, California

Tracy Technical Bulletin 2015-1

by

Cathy Karp* and Judy Lyons?

tus. Department of the Interior
Bureau of Reclamation
Fisheries and Wildlife Resources Group, 86-68290
PO Box 25007
Denver, CO 80225-0007

2 4666 S. Oak Ct.
Littleton, CO 80127

T OF THE
STORRTHEN Wiz
£ 108
@

LA o et~

U.S. Department of the Interior

Bureau of Reclamation

Mid-Pacific Region and

Denver Technical Service Center May 2015




MISSION STATEMENTS

The U.S. Department of the Interior protects America’s natural resources and
heritage, honors our cultures and tribal communities, and supplies the energy to
power our future.

The mission of the Bureau of Reclamation is to manage, develop, and protect
water and related resources in an environmentally and economically sound
manner in the interest of the American public.

TRACY FISH FACILITY IMPROVEMENT PROGRAM

J. Carl Dealy, Manager

TRACY SERIES EDITOR

Donald E. Portz, Ph.D.

U.S. Department of the Interior — Bureau of Reclamation
Technical Service Center

Fisheries and Wildlife Resources Group, 86-68290

PO Box 25007

Denver, CO 80225-0007

COVER

Fish photography by René Reyes, Tracy Fish Collection Facility, Tracy, California.
Design by Doug Craft.

DISCLAIMER

Mention of commercial products does not constitute endorsement.



TABLE OF CONTENTS

Page
EXECULIVE SUMMIAIY ....ooviiiiiiiieieeie sttt ee s ES-1
INEFOAUCTION ...ttt n e 1
VL= daToTo (o] o]0 V2SR UP USSP 3
Data ANAIYSIS ...cveeieeieciieie et nae e nres 4
RESUILS aNd DISCUSSION ......coiuieieiiieiiieiie ettt st nee e 5
CONCIUSIONS ...ttt ettt bbbt n e 5
ACKNOWIEAGMENTS. ...t ae e 7
RETEIBNCES ...t bbb 7
Tables
Table Page
1 Summary louver efficiencies for juvenile splittail, November 2004,
Tracy Fish Collection Facility, Tracy, California............ccccceeevvenenne. 6
Figures
Figure Page
1 Schematic of the Tracy Fish Collection Facility, Byron, California. ....... 2
2 Juvenile splittail (Pogonichthys macrolepidotus). Pink mark on
caudal fin is fluorescent microbead. ...........cccocvveveiiiiiiine, 3
Appendices
Appendix
1 Data Summary

Tracy Fish Facility Studies Page iii






EXECUTIVE SUMMARY

The U.S. Department of the Interior, Bureau of Reclamation Tracy Fish
Collection Facility (TFCF) in central California was designed in the mid-1950s
to divert, collect, and return salvaged fish to the Sacramento-San Joaquin River
Delta from exported flows enroute to the C.W. “Bill” Jones Pumping Plant (JPP).
The TFCF is situated at the head of the canal leading to the JPP, and up until
summer 2014, used two louver bypass channels to divert and collect entrained
fish. Louvers are a type of behavioral fish barrier and as such, are more or less
effective for different species and life history stages. TFCF fish diversion
efficiency was considered high in the early decades of operation due in part to
short-term pumping and low numbers of entrained fish. However, year-round
pumping at the JPP began in the 1960’s following completion of San Luis
Reservoir, and today, millions of fish comprising more than 50 species may be
drawn into the fish facility. Juvenile splittail (Pogonichthys macrolepidotus)
louver efficiency was evaluated using release-recapture experiments. In 13 trials,
secondary and primary channel louver efficiency averaged 75.1 percent and

13.2 percent, respectively. Whole facility efficiency averaged 10.4 percent.
Secondary channel louver efficiency was similar to previous estimates for the
species and more fish appeared to louver successfully in the day than at night.
Whole facility and primary channel louver efficiencies were low, largely due to
the high number of experimental fish that were not recovered. These unaccounted
for fish may have moved upstream out of the facility, may have been lost through
the louvers, or to predation within the facility.
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INTRODUCTION

Reclamation’s Tracy Fish Collection Facility (TFCF), located in the southern
Sacramento-San Joaquin Delta (Delta) was designed to divert juvenile Chinook
salmon (Oncorhynchus tshawytscha) and striped bass (Morone saxatilis) from
Delta Mendota Canal (DMC) flows, thereby preventing entrainment loss to the
downstream C.W. “Bill” Jones Pumping Plant (JPP; Bates and Vinsonhaler 1957,
Bates et al. 1960). These facilities were built in the 1950s to export water from
the Old River channel of the San Joaquin River in central California for irrigation,
municipal, and industrial uses, while diverting and salvaging entrained fish.

The TFCF is situated at the head of the DMC and, up until summer 2014, used
two louver-bypass systems to intercept and guide entrained fish (Figure 1). Fish
and exported flows enter the fish facility beneath a surface debris collector

(trash boom), through a trash rack with 5.1-cm-wide (2.0 in) spacing, and into
the 25.6-m-wide (84 ft), 6-m—deep (20 ft) primary louver channel. The primary
channel louver wall is 97.5 m (320 ft) long with four 22.9 m (75 ft) sections
terminating in bypass entrances (15.2 cm [6 in] wide). Once inside a bypass
entrance, fish move into 0.9-m-diameter (36 in) underground pipes leading to the
2.4-m-wide (8 ft), 4.9-m-deep (16 ft) secondary channel where, until summer of
2014, fish encountered a double louver wall (9.3m [30.2 ft]). Here, diverted fish
and aquatic material enter a common bypass (15.2 cm [6 in]) to one of four
holding tanks. Salvaged fish are regularly removed and released back to the
Delta, downstream of the influence of the pumps. Both the primary and secondary
channel louver walls are angled 15° to the flow and contain evenly spaced vertical
slats (2.54 cm [1 in]) angled 90° to the flow. Both the trash rack and the louver
walls become clogged with aquatic debris and are cleaned frequently.

Louver systems act as a behavioral barrier in that fish sense the turbulence created
by the slats, and move along the louver wall until they enter one of the bypasses
(Hallock et al. 1968, EPRI 1986). The effectiveness of louvers at excluding fish
depends on many factors including fish species, life history stage, swimming
ability, hydraulic conditions, and debris load. Regulatory criteria were
established for the TFCF to define appropriate channel and bypass velocities
(California State Water Resources Control Board 1978, NMFS 2004, USFWS
2004). These include maintaining bypass ratios (BR) > 1, and maintaining
secondary channel velocities between 0.9-1.1 m/s (3-3.5 ft/s) November through
mid-May and < 0.76 m/s (2.5 ft/s) mid-May through October. Primary channel
velocity is determined by the number of JPP pumps in operation and tide stage.
Thus, there are no legal requirements for maintaining primary channel velocity.
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Figure 1.—Schematic of the Tracy Fish Collection Facility, Byron, California.

In the 1950s, pumping mostly occurred in the summer months and the TFCF was
considered highly efficient at diverting fish from the entrained flow (Bates and
Vinsonhaler 1957, Bates et al. 1960). Today however, both the JPP and the
TFCF operate year-round, salvaging over 50 fish species under varying aquatic
debris and fish entrainment conditions, and the TFCF is no longer as efficient
(Karp et al. 1995, Bowen et al. 1998, Bowen et al. 2004, TFCF, unpublished
data). The objective of this study was to determine facility efficiency for juvenile
splittail (Pogonichthys macrolepidotus; Figure 2).

Splittail is a relatively large cyprinid endemic to California’s Central Valley
(Moyle 2002). Juvenile splittail generally appear in the TFCF salvage in May and
June (Meng and Moyle 1995, California Department of Fish and Game 2004
annual salvage report, ftp.delta.dfg.ca.gov/salvage), particularly in higher water
years (Moyle et al. 2004). In 1989, splittail was listed as a Species of Special
Concern (Moyle et al. 1995) and in 1999, the U.S. Fish and Wildlife Service
listed the species as threatened (USFWS 1999). However, a few years later,
splittail populations were determined to be stable, and the species was removed
from the endangered species list (USFWS 2003).
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Figure 2.—Juvenile splittail (Pogonichthys macrolepidotus). Pink mark on caudal fin is
fluorescent microbead.

METHODOLOGY

Release-recovery experiments were used to estimate louver efficiency for splittail
at the TFCF. Thirteen replicates were performed in fall 2004. For each replicate,
a uniquely marked group of 100 fish were released downstream of the trash rack
into the primary channel and a uniquely marked group of 40 fish were released at
the upstream end of the secondary channel. Splittail were collected on-site June
2004, held in flow-through 750-L (198-gallon) tanks in a mix of ozone purified
well (18-19°C) and Delta waters, and fed Silver Cup salmon feed. Fish were
acclimated, at rates not exceeding 1°C/d, to test temperatures by gradually
exposing test fish to ozonated Delta water 14 d before testing.

One week prior to experiments, fish were anaesthetized using 50-ppm tricaine
methanesulfonate (MS-222), measured (fork length [FL], mm), and marked with
fluorescent microbeads (New West Technology, Santa Rosa , California) on anal,
dorsal, or caudal fin (see pink mark on caudal fin, Figure 2). Prior to each set of
releases, the secondary channel was drained and flushed, and the primary and
secondary channel louvers cleaned.

A sieve net (2.69 m [8.8 ft] high, 2.5 m [8.2 ft] wide and 7.62 m [25 ft] long with
2 mm [0.8 in] mesh) located in the downstream end of the secondary channel
was used to collect fish that passed through the secondary channel louvers.
Experimental fish were recovered from the sieve net and holding tank every

30 min for 2 h following fish release. Four groups of 25 splittail each were
released into the holding tank and in front of the sieve net to determine efficiency
of the fish recovery process for this species and size.
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Channel discharge, velocities, and depths were recorded using TFCF meters.
Bypass ratios (the ratio of bypass entrance velocity to channel velocity) were
calculated as:

e Primary channel bypass ratio = primary channel bypass
discharge/combined bypass width/primary channel depth/primary
channel velocity.

e Secondary channel bypass ratio = secondary channel bypass
discharge/secondary channel depth/bypass width/secondary channel
velocity.

Data Analysis

Louver efficiencies were calculated from the following formulas (fish recovery
from the holding tanks and sieve net was considered to be 100 percent for all
experiments based on 100 percent recovery of four groups of 25 fish for each
location):

1. Secondary channel louver efficiency = # fish collected in the holding
tank after 2 h / (# fish collected in the holding tank + # fish collected
in the sieve net after 2 h) for secondary channel releases only (the
numerator is fish successfully diverted by the secondary channel
louvers, the denominator is the sum of fish that participated in the
experiment).

2. Primary channel louver efficiency = (# fish collected in the holding
tank + # fish collected in the sieve net after 2 h) / # released downstream
of the trash rack (the numerator is fish successfully diverted by the
primary channel louvers, the denominator is the total number of fish
released into the primary channel). However, primary channel louver
efficiency cannot be tested directly because of logistic constraints with
netting downstream of the primary louvers.

3. Whole facility louver efficiency = # fish collected in the holding tank
after 2 h / # fish released downstream of the trash rack.

The number of experimental fish that could not be accounted for 2 h following
release was determined by subtracting total recoveries from the # released.
Louver efficiency and # of unaccounted for experimental fish were not normally
distributed and Kruskal-Wallis One-Way Analysis of Variance (Statistix 8,
Analytical Software) was used to test for time of day differences.
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RESULTS AND DISCUSSION

A total of 13 releases were conducted, (9 day, 4 night) with juvenile splittail
(mean 43.8 mm FL, range 40-50 mm FL). Experiments were mostly conducted
with five JPP pumps in operation, however, the JPP unexpectedly dropped to
three pumps for a 4 hour window during 3.5 trials (Table 1). Secondary
channel velocities averaged 0.9 m/s (3.0 ft/s) and ranged from 0.8 to 1.0 m/s
(2.8 to 3.3 ft/s). Primary channel velocities averaged 0.8 m/s (2.8 ft/s) and ranged
from 0.6 to 1.1 m/s (2.2 to 3.5 ft/s). Lowest primary channel velocities occurred
when the number of JPP pumps in operation dropped from five to three. Both
primary and secondary channel velocities were within the normal range found
during periods (typically May-June) when wild juvenile splittail appear in the
facility salvage. Primary and secondary channel bypass ratios were always > 1.

Secondary channel louver efficiency averaged 75.1 percent (43.8-89.2 percent)
and primary channel louver efficiency averaged 13.2 percent (6.0-27.0 percent;
Table 1). Whole facility efficiency averaged 10.4 (4.0 — 20.0 percent).
Recognizing that the data set was small, louver efficiencies were significantly
higher during the day than night in the secondary channel (P=0.03, Kruskal-
Wallis) but not in the primary channel (P=0.9, Kruskal-Wallis). The influence of
time of day on splittail secondary channel louver efficiency has also been
suggested in earlier studies (Puckett et al. 1996, Bowen et al. 1998, Bowen et al.
2004). Whole facility and primary channel louver efficiencies were low.
However, more than 73 percent of the fish released into the primary channel
remained unaccounted for 2 h after release, even with slight decreases in primary
channel velocity. These unaccounted for experimental fish either swam upstream
out of the facility, were lost to predation, or to passage through the primary
channel louvers. The number of unrecovered experimental fish was not as great
in the secondary channel, but on average, about 17 percent of the secondary
channel releases remained unaccounted for.

CONCLUSIONS

Early TFCF louver efficiency estimates generally focused on juvenile striped
bass and Chinook salmon and were high (Bates and Vinsonhaler 1957, Bates

et al. 1960, Hallock et al. 1968, Heubach and Skinner 1978). More recent
evaluations suggest secondary channel louver efficiency has decreased (Karp

et al. 1995, Bowen et al. 1998, Bowen et al. 2004). Our secondary channel
louver efficiency estimate of 75.1 percent for juvenile splittail (43.8 mm mean
FL) is similar to Bowen et al. (1998) estimate of 63.0 percent for slightly smaller
splittail (31 mm mean FL), and 71.2 percent for slightly larger juveniles (70 mm
mean FL, Bowen et al. 2004). In the latter study, the authors obtained day/night
estimates (day- 81.2 percent, night- 67.9 percent) which were similar to those
found here (day-81.8 percent, night- 60.1 percent). They also found secondary
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Table 1.—Summary louver efficiencies for juvenile splittail, November 2004, Tracy Fish Collection Facility, Tracy, California

Karp and Lyons

Primary Secondary Primary Unrecovered | Unrecovered

# Jones Channel Channel Whole Channel | Secondary | Primary | Secondary fish fish

Pumping Louver Louver Facility Velocity Channel Channel Channel Primary Secondary
Time Plant | Efficiency® | Efficiency® | Efficiency® | (m/s, Velocity | Bypass Bypass Channel Channel
of Day | Pumps (percent) (percent) (percent) ft/s) (m/s, ft/s) Ratio” Ratio® (percent) (percent)
Day 3-5 18 77.4 11.0 0.8,2.6 0.9, 3.0 1.3 1.1 90 30
Day 3 21 76.7 20.0 07,24 0.9, 2.9 1.6 1.3 85 175
Day 3 12 82.1 10.0 0.6,2.2 0.9, 3.0 1.7 1.3 82 225
Day 3 9 86.4 6.0 06,21 0.9, 3.0 1.8 1.4 79 25
Day 5 27 85.3 20.0 0.9, 3.0 0.9, 3.0 1.2 1.4 88 25
Day 5 9 77.1 8.0 0.9, 3.0 0.9, 3.0 1.3 1.5 91 7.5
Day 5 6 89.2 4.0 0.9, 3.0 0.9, 3.0 1.3 1.5 73 15
Day 5 15 85.2 12.0 1.0,3.2 09,31 1.2 15 91 125
Day 5 6 76.7 5.0 1.0,3.3 1.0,3.3 1.2 1.4 94 7.5
Night 5 10 82.1 6.0 1.0,34 1.0, 3.2 1.2 1.2 93 25
Night 5 15 60.6 14.0 11,35 0.8, 2.8 1.2 1.2 83 20
Night 5 7 53.8 7.0 1.0,3.2 0.9, 3.1 1.4 1.2 85 325
Night 5 17 43.8 12.0 1.0,3.3 1.0,3.3 15 1.4 94 25

! Efficiency = (fish recovered in holding tank and sieve net)/fish released at the trash rack.
2 Efficiency = fish recovered in the holding tank/(fish recovered in the holding tank and sieve net), for fish released into the secondary channel only.
3 Efficiency = fish recovered in holding tank/fish released at the trash rack.
4 Primary channel bypass ratio = primary channel bypass discharge/(combined bypass widthxprimary channel depth)/primary channel velocity.

° Secondary channel bypass ratio = secondary channel bypass discharge/(secondary channel depthxbypass width)/secondary channel velocity.
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channel louver efficiency was significantly higher during the day. Puckett et al.
(1996) also noted a possible time of day influence for juvenile splittail louver
efficiency in an evaluation of salvage and pump rates. These estimates suggest
that juvenile splittail louver relatively efficiently in the secondary channel at the
TFCF, particularly during the day. Our experiments were not able to evaluate
effects of secondary channel velocity on louver efficiency as all were conducted
at relatively high velocities (0.8 - 1.0 m/s [2.8 - 3.3 ft/s]). However, in a
comparison of secondary channel louver efficiencies from a range of velocities,
Bowen et al. (2004) did not find a significant relationship between channel
velocity and juvenile splittail louver efficiency. Our whole facility and primary
channel louver efficiency estimates were low which was probably due to the low
recovery of experimental fish.
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APPENDIX 1

Data Summary






Unaccounted

Jones Primary | Secondary Whole Primary Secondary | Unaccounted Fish-
Pumping | Channel Channel Primary | Secondary Facility Channel Channel Fish-Primary Secondary
Time of Plant Velocity Velocity Bypass Bypass Efficiency | Efficiency | Efficiency Channel Channel
Day" pumps (ft/s) (ft/s) Ratio Ratio (percent) | (percent) (percent) (percent) (percent)
2 3 1 1 1.2 1.2 6 10 82.1 93 25
2 3 11 0.8 1.2 1.2 14 15 60.6 83 20
1 3 0.8 0.9 13 11 11 18 77.4 90 30
1 3 0.7 0.9 1.6 13 20 21 76.7 85 175
1 5 0.6 0.9 1.7 13 10 12 82.1 82 225
1 5 0.6 0.9 1.8 14 6 9 86.4 79 25
1 5 0.9 0.9 1.2 14 20 27 85.3 88 25
1 5 0.9 0.9 1.3 1.5 8 9 77.1 91 7.5
1 5 0.9 0.9 13 15 4 6 89.2 73 15
2 5 1 0.9 1.4 1.2 7 7 53.8 85 325
2 5 1 1 1.5 1.4 12 17 43.8 94 25
1 5 1 0.9 1.2 1.5 12 15 85.2 91 125
1 5 1 1 1.2 1.4 5 6 76.7 94 7.5
'1 = day and 2 = night.
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