California Department of Water Resources

Deep Water Shipping Channel Aeration Demonstration Project
Biological Assessment for Operations

Biological Assessment for Operations M California Department of Water Resources Il July 2007

997 Jones & Stokes






California Department of Water Resources
Deep Water Shipping Channel Aeration Demonstration Project
Biological Assessment for Operations

Prepared for;
S Ny -

UL DERARTMENT OF =
# WATER RESOURCES

California Department of Water Resources
1416 Ninth Street
Sacramento, CA 95814
Contact: Bill McLaughlin

(916) 653-0628

Prepared by:

[
Jones & Stokes

11820 Northup Way, Suite E300
Bellevue, WA 98005
Contact: Rick Oestman or Chris Soncarty

July 2007



Jones & Stokes. 2007. California Department of Water Resources Deep Water Shipping
Channel Aeration Demonstration Project biological assessment for operations. July. (J&S
00284.07) Sacramento, CA. Prepared for the California Department of Water Resources.



Table of Contents

Chapter 1. IntroducCtion..........ccccoevevvveinicincicceie e, 1-1
1.1. Relevant Project Background and HiStory..........cccovvvrvnnnnn. 1-2
1.1.1. ProjeCt HiStory.......cccoovvniirennnnineeiesisneeeenn, 1-2
1.1.2.  Federal Action HIStOIY........cccvvvuvrniennrniicinn, 1-3
Chapter 2. Project Description ..........ccovvevvveierineririnenens 2-1
2.1. Discussion of Federal Action, Legal Authority and Agency
DISCIEHON ... 2-1
2.2.  Description of the Project Purpose and Objectives............. 2-1
2.3.  Project Description—Activities to be Authorized, Funded or
Carried Out by the Federal Action AGency........cocoeeveerencne. 2-3
2.4. Description of Project Area and Action Area...........cccueueee. 2-3
2.5.  Discussion of Known Ongoing and Previous Projects in the
Project ACHION AIBA .......ccviveieiririiieieesseeees e 2-3
2.5.1. DWSC Maintenance Dredging.........cccoeeeeeererenenes 2-3
2.5.2.  Other Aeration ProjectS.......ccccoveeieeeeeieeeenienes 2-4
2.6.  Maps of Project and Action Area.............cocovvvvvesrererererenennns 2-5
Chapter 3. Status of Species and Critical Habitat ............ 3-1
3.1, SPECIES SLALUS ....cvveveeeeeiriereieeeeee e 3-2
3.1.1. Sacramento River Winter-Run Chinook Salmon ESU3-2
3.1.2. Central Valley Spring-Run Chinook Salmon ESU...3-3
3.1.3. California Central Valley Steelhead DPS ............... 3-3
3.1.4. Southern Green Sturgeon DPS........ccccocvvvvvviiinne, 3-3
Chapter 4. Environmental Baseline............cccooeveeviiiennn 4-1
4.1. Factors Affecting the Species and Habitat ..............ccccc.e..e. 4-1
4.1.1. Habitat Blockage.........ccccoovrrrrnienneeeeeeenns 4-2
4.1.2. Water Development ..........ccccvvveeieereiereieieniininnnn, 4-3
4.1.3.  Land Use ACHIVILIES ......coverevrririiireeeniscreeieisinnnns 4-4
4.1.4, Water QUalItY .....ccceeeeeeeeieeeneereseseseseesnnns 4-6
4.1.5. Hatchery Operations and Practices ..........ccccurvuune. 4-8
4.1.6. Commercial and Sport Harvest...........cccoveeevinnne. 4-9
A4.1.7. Predation ....ccoeeeeesseessssss s 4-12
4.1.8. Environmental Variation............ccccoeeeeeeeieiereenes 4-13
|

L' ] July 2007



Biological Assessment — DWSC Aeration Demonstration Project

4.1.9. Ecosystem Restoration............ccccceererererererererennns 4-14
4.1.10. Nonnative Invasive SPECIeS ...........ccceerererrrererenns 4-16
4,111, SUMMAIY coviiiiiicieirie e 4-17
4.2.  Existing Monitoring Programs..........c.coeeeeennnnnneesesnnnns 4-18
Chapter 5. Effects of the Action .........cccovveveivciniicennnn, 5-1
5.1, DIreCt EffeCtS ... 5-2
5.1.1. Are juvenile salmonids present during the period of
the demonstration (May 1 to October 15)?............ 5-3

5.2.
5.3.
5.4.
5.5.

5.6.
5.7.
5.8.

5.1.2. What is the expected vertical distribution of juvenile
salmonids as they pass through the DWSC? ........ 5-3

5.1.3.  What are the oxygen conditions in the DWSC
expected to be when the Project is in operation?.. 5-5

5.1.4.  Would juvenile salmon be attracted to areas of the
DWSC that could contain water supersaturated with

oxygen when the Project is operating?.................. 5-6
5.1.5. Could a juvenile salmonid locate to and maintain

itself in an area of supersaturated oxygen?........... 5-7
5.1.6. What are the potential effects of exposure to waters

with supersaturated oxygen levels? ............c........ 5-8

5.1.7. s there a potential for the formation of reactive
oxygen species (ROS), and if so, could exposure to
ROS affect salmonids?..........cccoovveeninininieienennns 5-11

5.1.8. Isthere a potential for combined gas pressure to
affect juvenile salmonids (gas bubble disease)? ..5-13

5.1.9.  What monitoring will be conducted during the

Operation of the Project?..........ccccovvvvvevcvevcnnnn, 5-14
5.1.10. What is the potential for beneficial effects to listed

SAIMONIAS? ..o 5-14
5.1.11. Summary of the Potential Effects of the Action ....5-16
INAIreCt EffECES...c.cvvviiiiceeeeess e, 5-17
Effects of Interdependent and Interrelated Actions............ 5-17
Effects from Ongoing Project ACtivities...........c.coovvvrvrvnne. 5-18
Description of How the Environmental Baseline Will be
ATTECLEA ... 5-18
Description of How Critical Habitat will be Affected............ 5-19

Use of Best Scientific and Commercially Available Data...5-19
Effect Determinations for Listed Species and Designated

Critical Habitat ..........ccoovvvrieierneess s 5-20

5.8.1. Sacramento River Winter-Run Chinook Salmon: May

Affect, Not Likely to Adversely Affect................... 5-20
|

California Department of Water Resources M




Table of Contents

5.8.2. Central Valley Spring-Run Chinook Salmon: May

Affect, Not Likely to Adversely Affect ................... 5-21
5.8.3. Central Valley Steelhead: May Affect, Not Likely to
AdVErsely AffECL........covveerrreeee s 5-22
5.8.4. Southern Green Sturgeon: No Effect................... 5-24
5.9, SUMMAINY...ciiiiiiiiei e 5-24
Chapter 6. Cumulative EffectS.........ccccovvvivviiiiniiiininnns 6-1
Chapter 7. Essential Fish Habitat Background................. 7-1
7.1 LOCAHON oo 7-2
7.2, Project DESCHPLON......cccociiiiiiiiieieeess s 7-2
7.3.  Occurrence of Essential Fish Habitat.............cccccovvriiinne. 7-2
7.4.  Groundfish Essential Fish Habitat..............c.cocccvvnnininnne, 7-2
7.5.  Salmon Essential Fish Habitat .............cccooviininnniiennn, 7-3
7.6, CONCIUSIONS ..o e 7-3
Chapter 8. References........cccocoevvevcivcincccccc e, 8-1
Tables
Table 1 Differences between Subyearling and Yearling Chinook Salmon in the Lower
Columbia and Willamette RIVEIS .........coiirriernrrrseeeessr e 5-33

Appendices

Appendix A Project Monitoring Plan
Appendix B Project Schematic
Appendix C Project Action Area

L July 2007



Biological Assessment — DWSC Aeration Demonstration Project

Acronyms

AFRP Anadromous Fish Restoration Project
AFSP Anadromous Fish Screen Program

BA Biological Assessment

BMP Best Management Practice

BOD Biochemical Oxygen Demand

CALFED Collaboration between 25 state and federal agencies
CBDA California Bay-Delta Authority
CFRorFR Certified Federal Register

cfs cubic feet per second

Chla Chlorophyll a

Cl Chloride

CO, Carbon Dioxide

Corps U.S. Army Corps of Engineers

CVvI Central Valley Index

CVP Central Valley Project

CVPIA Central Valley Project Improvement Act
CWT Coded Wire Tag

cy Cubic yards

DDT Dichlorodiphenyltrichlor

Delta Sacramento-San Joaquin Delta

DFG California Department of Fish and Game
DMCA Dredged Material Confinement Area

.

California Department of Water Resources M



DNA
DO

DOI
DPS
DWR
DWSC
EFH
EISIEIR
EPA
ERP
ESA
ESU
EWA
FL

FR or CFR
FRH
FWS or USFWS
GBD
GCID
GPX
GR
GSH
GSSG
GSSH
H20,

HYP

Table of Contents

Deoxyribonucleic Acid

Dissolved Oxygen

U.S. Department of Interior

Distinct Population Segment

California Department of Water Resources
Deep Water Ship Channel

Essential Fish Habitat

Environmental Impact Statement/Report
United States Environmental Protection Agency
CALFED Ecosystem Restoration Program
Federal Endangered Species Act
Evolutionarily Significant Unit
Environmental Water Account

Fork length

Certified Federal Register

Feather River Hatchery

United States Fish and Wildlife Service
Gas Bubble Disease

Glen Colusa Irrigation District

Glutathione peroxide

Glutathione reductase

Glutathione

oxidized glutathione

Oxidised glutathione

Hydrogen Peroxide

hyperoxic

L= July 2007



Biological Assessment — DWSC Aeration Demonstration Project

IEP Interagency Ecological Program
km? Square Kilometer
lbs Pounds
Ibs/day pounds per day
LMMWC Los Molinos Mutual Water Company
LWD Large Woody Debris
Morm Meter
mg/l Milligrams per liter
mg-P/m?/d Milligrams of pressure per square meter per day
MLLW Mean Lower Low Water
mm Millimeter
mvV Millivolts
NAD Nicotinamide Adenine Dinucleotide
NADH Glutamate synthase
NIS Non-native Invasive Species
NMFS National Marine Fisheries Service
NOR normoxic
02 Oxygen
02 Superoxide radical/anion
OoCID Orange Cove Irrigation District
OH or OHAE Hydroxy radical
ORP Oxidation Reduction Potential
PCE Primary Constituent Element
PFMC Pacific Fishery Management Council
pH Power of Hydrogen
Port Port of Stockton
[

California Department of Water Resources M



ppm

ppt
Project
RBDD
RM
ROOH
ROS
RWQCB
SMSCG
SwWC
SWP
TMDL
Mg/
USFWS
USGS
VSS
WAP

WDOE

Table of Contents

Parts per million

Parts per trillion

Demonstration Aeration Facility

Red Bluff Diversion Dam

River Mile

Organic hydroperoxides

Reactive Oxygen Species

Regional Water Quality Control Board
Suisan Marsh Salinity Control Gates
State Water Contractors

State Water Project

Total Maximum Daily Load
micrograms per liter

United States Fish and Wildlife Service
United States Geologic Survey
Volatile Suspended Substances
Water Aquisition Program

Washington Department of Ecology

L July 2007






Chapter 1. Introduction

The California Department of Water Resources (DWR) completed construction of
the Demonstration Aeration Facility (the Project) in 2007 (began construction in
spring of 2006 and completed in July 2007). The operation of the Project is intended
to increase dissolved oxygen (DO) concentrations within the Deep Water Shipping
Channel (DWSC) between Turner Cut and the City of Stockton (approximately

7 river miles) to meet objective DO concentrations (or minimum DO concentrations)
established by the Regional Water Quality Control Board (RWQCB). The objective
DO concentration levels for the San Joaquin River, from Turner Cut to Stockton, is
6 milligrams per liter (mg/l) from September 1 through November 30, to protect
migrating adult Chinook salmon and 5 mg/l from December 1 through August 31
each year to protect out-migrating juvenile salmon and steelhead.

As part of the operation of the Project, the DWR will perform a 2-year monitoring
study to determine the effect of the operation of the Project on DO levels within the
DWSC. The monitoring plan for the Project is provided in Appendix A.

This Biological Assessment (BA) has been prepared to evaluate the potential effects
associated with the 2-year test operation of the Project on the following species listed
as either threatened or endangered under the federal Endangered Species Act (ESA)
and their designated critical habitat.

= Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha)
Evolutionarily Significant Unit (ESU)

Listed as endangered (70 FR 37160, June 28, 2005), see also (58 FR 33212,
June 16, 1993—designated critical habitat)

= Central Valley spring-run Chinook salmon (O. tshawytscha) ESU
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Listed as threatened (70 FR 37160, June 28, 2005), see also (70 FR 52488,
September 2, 2005—designated critical habitat)

= Central Valley steelhead (O. mykiss) Distinct Population Segment (DPS)

Listed as threatened (71 FR 834, January 5, 2006) see also (70 FR 52488,
September 2, 2005—designated critical habitat)

= Southern DPS of North American green sturgeon (Acipenser medirostris)
Listed as threatened (71 FR 17757, April 7, 2006)

This BA also provides an analysis of the potential effects of the operation of the
Project on Essential Fish Habitat (EFH) as designated under the Magnuson-Stevens
Fishery Conservation and Management Act.

1.1. Relevant Project Background and History

The information presented in this BA incorporates the best available scientific and
commercial data available to assess the potential impacts of the operation of the
Project to species listed as either threatened or endangered under the ESA and their
designated critical habitat.

This section also provides relevant Project background and history, including the
federal action history.

1.1.1. Project History

The construction of the Project has undergone an informal Section 7 consultation, as
detailed below. It was determined that the appropriate determination of effect for the
construction of the Project was May Affect, Not Likely to Adversely Affect three
Pacific salmonid species; Chinook salmon of the Sacramento River winter-run ESU
(Endangered), Chinook salmon of the Central Valley spring-run ESU (Threatened)
and steelhead of the Central Valley DPS (Threatened).

The National Marine Fisheries Service (NMFS) did not concur with this effect
determination for the long-term operation of the Project until the data gathered from
the preliminary studies are evaluated for their potential effect upon listed species and
those effects are quantified/determined. A fishery study will be conducted by the
Department of Water Resources to determine the effects of injecting oxygen into the
DWSC on Chinook Salmon. A final report of the study will be completed by the
summer of 2009.

This BA has been prepared to evaluate the potential effects of operation of the
Project for two periods over 2 years (between May 1 and October 31 each year) to
perform the preliminary studies to determine the effect of the Project upon listed

species.
[,
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Federally Listed Species at Parks in the Project Action Area

1.1.2. Federal Action History

On March 15, 2005 the U.S. Army Corps of Engineers (Corps) submitted a letter to
the NMFS requesting initiation of consultation under the ESA.

On April 18, 2005 NMFS contacted DWR and requested additional information be
developed regarding the potential effects of the Project [i.e., formation of reactive
oxygen species (ROS) and creation of supersaturation of water with increased partial
pressures of oxygen in the water column adjacent to the diffuser].

On August 3, 2005 DWR and their environmental consultant, Jones & Stokes,
developed the additional information requested by NMFS and delivered this
information to NMFS.

On August 15, 2005 the NMFS responded to the request to initiate consultation with
a letter of concurrence that the construction phase of the Project and the preliminary
studies for the in-situ effects of the Project outside of the normal migratory periods
for salmonids in the San Joaquin River (June 1 through October 31) met the
conditions for an informal consultation (a determination that the Project May Affect,
but is Not Likely to Adversely Affect listed species).

However, NMFS did not concur with the long-term operation of the Project, and
indicated that they will not concur until the data gathered from the preliminary
studies are evaluated for their effects upon listed species.

This BA has been prepared to address NMFS concerns related to the operation of the
Project and to evaluate the operation of the Project for a 2-year period, to determine
the in-situ effects of the Project, from June 1 through October 31.

On August 23, 2005 the Corps issued a Nationwide Permit Number 7 for the
construction of the Project.

Construction of the Project began in the spring of 2006 and was completed in July
2007.

On February 16, 2007 a meeting/conference call with DWR, Jones & Stokes and the
NMFS was held to discuss the approach for this document. This BA has been
prepared to address the concerns raised by the NMFS during that meeting/conference
call. The concerns included:

= could out-migrating juvenile/smolting steelhead be attracted to the aeration
diffuser

= s there formation of ROS in the discharge of the diffuser and is there
exposure of fish to these free radicals

= could attraction to the aerator, if it does occur, affect steelhead

13
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Chapter 2. Project Description

Construction of the Project began in the spring of 2006 and was completed in July
2007. Appendix B provides a schematic of the Project.

2.1. Discussion of Federal Action, Legal Authority
and Agency Discretion

The DWR applied for, and received, a Nationwide Permit Number 7 from the Corps
on August 23, 2005, thus creating the federal nexus for the Section 7 consultation for
the construction of the Project. NMFS did not concur with the effect determination
for the operation of the Project.

2.2. Description of the Project Purpose and
Objectives

The 7-mile section of DWSC from Turner Cut to Stockton was listed in 1994 on the
State 303(d) list for having low DO concentrations and classified as high priority for
correction in 1998 (Regional Water Quality Control Board 1998).

Water quality monitoring data have indicated that DO levels generally fall below the
RWQCB’s objectives during the summer low flow months, generally beginning
around late May or early June and continuing through early to mid-October.

Project operation and monitoring is to occur for a period of 2 years to determine the
effects of operating the Project. The Project is designed to supply 10,000 pounds per
day (lbs/day) of oxygen to the DWSC to maintain DO concentrations above the
RWQCB’s objectives throughout the 7 miles of channel between Turner Cut and the
City of Stockton. The DO water quality objective (minimum DO concentration) for

[ .
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the San Joaquin River, from Turner Cut to Stockton, is 6 mg/l from September 1
through November 30, to protect migrating adult Chinook salmon and 5 mg/l from
December 1 through August 31 each year, to protect out-migrating juvenile salmon
and steelhead. Existing water quality monitoring data have indicated that the DWSC
frequently has DO levels lower than the water quality objectives during the summer
months, primarily mid- to late-May through mid-October.

Based on earlier studies conducted by Jones & Stokes, 10,000 Ibs of oxygen per day
will be adequate to raise the DO levels within the 7-mile section of the DWSC to the
objective levels (Jones & Stokes 2004). This 2-year demonstration Project will
operate 24 hours a day for a maximum of 100 days per year, during the May 1
through October 31 period. The days of operation will depend upon the ambient DO
concentrations within the DWSC. Operation of the Project will be triggered when DO
levels are dropping and are within 0.5 mg/I of the objective DO concentration, to
provide a buffer for Project operations to elevate DO concentrations before they fall
below the objective DO concentrations.

The objectives of the operation of the Project are to:

= Transfer 10,000 Ibs O./day to the DWSC,;

= Evaluate water quality benefits associated with the delivery of 10,000 Ibs
O./day to the DWSC;

= Collect key design parameters to better understand their relationship to U-
tube transfer efficiency; and

=  Gather additional information on impacts that may occur as an unintended
consequence of large-scale aeration.

The primary objective of monitoring the operation of the Project is to determine the
effectiveness of the operation of the Project to raise the low DO concentrations
within the DWSC above the RWQCB'’s objectives. The monitoring strategy to
determine whether the operation of the Project meets this objective include the
following elements:

= Measurement parameters for U-tube device operations,
= Discrete sampling and continuous monitoring locations,

= Lateral and longitudinal boat surveys of the DWSC with multi-parameter
monitoring probes,

= Special studies to verify the potential effects of elevated DO concentrations
on fish near the diffuser and effects of Project operations on the DWR long-
term monitoring station at Rough & Ready Island,

= Methods for detecting incremental effects from operation of the Project, and

[,
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Federally Listed Species at Parks in the Project Action Area

= Suggested experiments to evaluate the operating performance of the Project
under a range of flows and oxygen injection rates.

Depending upon whether the operation of the Project is able to meet water quality
objectives, at the end of the 2-year demonstration/monitoring period the Project will
be decommissioned, modified, or proposed for permanent operation.

2.3. Project Description—Activities to Be Authorized,
Funded or Carried Out by the Federal Action
Agency

The activities to be authorized, includes the operation of the Project during the
May 1 through October 31 period, for 2 years, as well as 2 years of monitoring
the effects of Project operations. An approach to monitoring the effectiveness of
the U-tube oxygenation device in meeting the objective DO concentrations has
been established (Appendix A).

2.4. Description of Project Area and Action Area

The Project is located adjacent to Dock 20 of the Port of Stockton’s West Complex,
at approximately River Mile (RM) 38. . The project action area includes the DWSC
from Turner Cut to Stockton, a 7-mile section of the DWSC within the San Joaquin
River (Appendix C).

2.5. Discussion of Known Ongoing and Previous
Projects in the Project Action Area

2.5.1. DWSC Maintenance Dredging

The Port of Stockton (Port) performs maintenance dredging of sediments from in
front of the existing docks at its East and West Complexes to facilitate access of deep
draft commercial vessel traffic using the area. In 2003, the Port removed
approximately 8,000 cubic yards (cy) of accumulated sediment and debris from in
front of Docks 6 and 9 at the East Complex. In addition, the Port requested
authorization to remove 600,000 cy of accumulated sediment over the next 10 years
to continue to maintain the East and West Complexes at their historic depth.
Specifically, the East Complex and Docks 18, 19, and 20 at the West Complex will
be maintained at 35 feet below mean lower low water (MLLW), and the remaining
area in front of the West Complex will be maintained at 30 feet below MLLW.
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Dredged material will be placed on S-4 (99 acres) or on Roberts Island No. 1
(Roberts Island) dredge placement site, both federally approved dredged material
confinement areas (DMCA). Decant water will not be discharged back into the
DWSC from either DMCA.

East Complex Maintenance Dredging

In 2003, the Port received authorization to remove an additional 300,000 cy of
material from the East Complex of the DWSC over the next 10 years to maintain the
area at the design depth of 35 feet below MLLW. The amount of dredged material
that would be removed from each dock face at the East Complex will vary depending
on the depth of the existing sediment in the area.

Accumulated sediments and debris would be removed from the face of each dock to
the nominal depth of 35 feet below MLLW. Dredging to this depth would represent a
return of the area to its designed depth of 35 feet below MLLW.

West Complex Maintenance Dredging

The Port is also proposing to maintain the West Complex berthing area at its existing
depth—35 feet below MLLW at Docks 18, 19, and 20, as well as 30 feet below
MLLW at the remaining areas—for a minimum of 10 years.

Maintenance dredging activities will occur between June 1 and December 30 and
involve removal of approximately 75,000 cy of material on a biennial basis (150,000
cy in total), or 300,000 over a 10-year period. Spoils associated with maintenance
dredging activities will be deposited on Roberts Island or 99 acres. The Port
anticipates that Roberts Island or 99 acres will have the capacity to maintain both the
sediment and water associated with maintenance dredging activities.

Dredging operations would occur between June 1 and December 30. Although this
period is longer than the typical season allowed by NMFS and U.S. Fish and Wildlife
Service (USFWS) for in-water work, extenuating circumstances at the Port have
historically allowed the Services to dictate a slightly longer window. Dredging
activities may require between 30 and 60 consecutive days to complete, depending
upon conditions and operating restrictions.

2.5.2. Other Aeration Projects

The Port recently took ownership and operational responsibility of an aeration project
from the Corps. The aerators are located on the right bank (east) of the San Joaquin
River at the point where the San Joaquin River enters the DWSC.

The Corps constructed the aerator platform in 1992, using a design that was
recommended by Sacramento District staff to provide aeration outside of ship traffic
lanes in the DWSC. In the 1980s, the Sacramento District of the Corps deepened the

P 2-4
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DWSC by an additional 5 feet to its current depth of approximately 37 feet at average
low water flows.

To resolve regulatory agency concerns that the deepening would decrease the DO
concentrations, the Corps performed a water quality modeling study that indicated
that the deepening would decrease the DO concentrations and increase the DO deficit
by about 0.2 mg/l. Results from the modeling indicated that a maximum of about
2,500 Ibs of oxygen per day would need to be dissolved in the DWSC, when the
river’s net flow was 2,000 cubic feet per second (cfs), to maintain the pre-deepening
longitudinal DO profile.

Because the migration of adult fall-run Chinook salmon may have been affected by
low DO conditions in the DWSC, the Corps agreed to mitigate for the potential
effects on DO concentrations in the fall months (September 1 through November 30),
whenever the DO concentrations dropped below 6 mg/l (i.e., per the Basin Plan
objective).

The Port however, has proposed to use the aerators in months outside of the
September—November period to fulfill a separate mitigation measure associated with
dredging actions at the West Complex and as a participant in the San Joaquin River
DO total maximum daily load process (TMDL). The Port has committed to supplying
(i.e., dissolving) 2,500 pounds (lbs) of oxygen per day (assumed aerator capacity)
into the DWSC using the aerators whenever the DO concentrations fall below the
objective levels (i.e., 6 mg/l). The Port will provide this oxygen throughout the
calendar year to a limit of 250,000 Ibs per year (100 days of operation).

2.6. Maps of Project and Action Area

Refer to Appendix C for a map indicating the project and action area.
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Chapter 3. Status of Species and Critical
Habitat

The following Federally listed and proposed species ESUs or DPSs and designated
critical habitat occurs in the action area and may be affected by the operation of the
Project:

= Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha)
ESU

Listed as endangered (70 FR 37160, June 28, 2005), see also (58 FR 33212,
June 16, 1993—designated critical habitat—however critical habitat has not
been designated within the project action area)

= Central Valley spring-run Chinook salmon (O. tshawytscha) ESU

Listed as threatened (70 FR 37160, June 28, 2005), see also (70 FR 52488,
September 2, 2005—designated critical habitat—however critical habitat has
not been designated within the project action area)

= Central Valley steelhead (O. mykiss) DPS

Listed as threatened (71 FR 834, January 5, 2006) see also (70 FR 52488,
September 2, 2005—designated critical habitat)

= Southern DPS of North American green sturgeon (Acipenser medirostris)

Listed as threatened (71 FR 17757, April 7, 2006)
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3.1. Species Status

NMPFS has recently completed an updated status review of 16 salmon ESUs,
including Sacramento River winter-run Chinook salmon and Central Valley spring-
run Chinook salmon, and concluded that the species’ status should remain as
previously listed (70 FR 37160). On January 5, 2006, NMFS published a final listing
determination for 10 steelhead DPSs, including Central Valley steelhead. The new
listing concludes that Central Valley steelhead will remain listed as threatened (71
FR 834).

3.1.1. Sacramento River Winter-Run Chinook Salmon ESU

Sacramento River winter-run Chinook salmon were originally listed as threatened in
August 1989, under emergency provisions of the ESA, and formally listed as
threatened in November 1990 (55 FR 46515). The ESU consists of only one
population that is confined to the upper Sacramento River in California’s Central
Valley. The Livingston Stone National Fish Hatchery population has been included
in the listed Sacramento River winter-run Chinook salmon population as of June 28,
2005 (70 FR 37160). NMFS designated critical habitat for winter-run Chinook
salmon on June 16, 1993 (58 FR 33212). The ESU was reclassified as endangered on
January 4, 1994 (59 FR 440), due to increased variability of run sizes, expected weak
returns as a result of two small year classes in 1991 and 1993, and a 99% decline
between 1966 and 1991.

Critical habitat was delineated as the Sacramento River from Keswick Dam RM 302
to Chipps Island (RM 0) at the westward margin of the Sacramento—San Joaquin
River Delta (Delta), including Kimball Island, Winter Island, and Brown’s Island; all
waters from Chipps Island westward to the Carquinez Bridge, including Honker Bay,
Grizzly Bay, Suisun Bay, and the Carquinez Strait; all waters of San Pablo Bay
westward of the Carquinez Bridge, and all waters of San Francisco Bay north of the
San Francisco—-Oakland Bay Bridge. The critical habitat designation identifies those
physical and biological features of the habitat that are essential to the conservation of
the species and that may require special management consideration and protection.
Within the Sacramento River this includes the river water, river bottom (including
those areas and associated gravel used by winter-run Chinook salmon as spawning
substrate), and adjacent riparian zone used by fry and juveniles for rearing. In the
areas west of Chipps Island, including San Francisco Bay to the Golden Gate Bridge,
this designation includes the estuarine water column, essential foraging habitat, and
food resources utilized by winter-run Chinook salmon as part of their juvenile
outmigration or adult spawning migrations. The DWSC proper is not within
designated critical habitat for Sacramento winter-run Chinook salmon, but borders
the downstream end of the DWSC adjacent to Kimball, Winter and Brown’s Islands,
near RM 4 of the San Joaquin River, approximately 34 miles below the Project site,
which is beyond the limits of the project action area.
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3.1.2. Central Valley Spring-Run Chinook Salmon ESU

Central Valley spring-run Chinook salmon were listed as threatened on September
16, 1999 (50 FR 50394). This ESU consists of spring-run Chinook salmon occurring
in the Sacramento River basin. The Feather River Hatchery (FRH) spring-run
Chinook salmon population has been included as part of the Central Valley spring-
run Chinook salmon ESU as of June 28, 2005 (70 FR 37160).

Critical habitat was designated for spring-run Chinook salmon in the Central Valley
on September 2, 2005 (70 FR 52488). The DWSC proper is not within designated
critical habitat for Central Valley spring-run Chinook salmon, but borders the
northern edge of the San Joaquin River from the confluence of the Mokelumne River
west to the boundaries of the Suisun Bay and Sacramento Delta hydrologic sub-units
at approximately RM 4 of the San Joaquin River, which is approximately 34 miles
below the Project site, which is beyond the limits of the project action area.

3.1.3. California Central Valley Steelhead DPS

Central Valley steelhead were listed as threatened under the ESA on March 19, 1998
(63 FR 13347). This DPS consists of steelhead populations in the Sacramento and
San Joaquin River (inclusive of and downstream of the Merced River) basins in
California’s Central Valley. The Coleman National Fish Hatchery and FRH steelhead
populations have been included in the listed population of steelhead as of January 5,
2006 (71 FR 834). These populations were previously included in the DPS but were
not deemed essential for conservation and thus not part of the listed steelhead
population.

Critical habitat was designated for steelhead in the Central Valley on September 2,
2005 (70 FR 52488). Critical habitat includes the stream channels to the ordinary
high water line within designated stream reaches such as those of the American,
Feather, and Yuba Rivers, and Deer, Mill, Battle, Antelope, and Clear creeks in the
Sacramento River basin; the Calaveras, Mokelumne, Stanislaus, and Tuolumne
Rivers in the San Joaquin River basin; and, the Sacramento and San Joaquin Rivers
and Delta. The project site is located within the San Joaquin River, which is included
within the critical habitat designation for Central Valley steelhead.

3.1.4. Southern Green Sturgeon DPS

Green sturgeon have been divided into two DPSs: northern and southern DPSs. The
northern DPS includes populations extending from the Eel River northward, and the
southern DPS includes populations south of the Eel River to the Sacramento River.

On April 7, 2006, the National Marine Fisheries Service issued a final rule listing the
Southern DPS of North American green sturgeon (Acipenser medirostris)(green
sturgeon) as a threatened species. This threatened determination was based on the
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reduction of potential spawning habitat, the severe threats to the single remaining
spawning population, the inability to alleviate these threats with the conservation
measures in place, and the decrease in observed numbers of juvenile Southern DPS
green sturgeon collected in the past two decades compared to those collected
historically (National Marine Fisheries Service 2006).

Moyle et al (1992, in National Marine Fisheries Service 2005) suggested that green
sturgeon spawn in the San Joaquin River apparently based on the presence of green
sturgeon in the Delta.

However, while there is some recent evidence that white sturgeon spawn in the San
Joaquin River, no current or historic records confirm green sturgeon use of the San
Joaquin River drainage (National Marine Fisheries Service 2005). No green sturgeon
have ever been documented in the San Joaquin River or its tributaries.
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Chapter 4. Environmental Baseline

The environmental baseline “includes the past and present impacts of all federal,
state, or private actions and other human activities in the action area, the anticipated
impacts of all proposed federal projects in the action area that have already
undergone formal or early Section 7 consultation, and the impact of state or private
actions which are contemporaneous with the consultation in process” (50 CFR
8402.02).

4.1. Factors Affecting the Species and Habitat

A number of documents have addressed the history of human activities, present
environmental conditions, and factors contributing to the decline of salmon and
steelhead species in the Central Valley. For example, NMFS prepared range-wide
status reviews for West coast Chinook salmon (Myers et al. 1998), steelhead (Bushy
et al. 1996) and green sturgeon (Adams et al. 2002; National Marine Fisheries
Service 2005). Also, the NMFS Biological Review Team (BRT) published a draft
updated status review for West coast Chinook salmon and steelhead in November
2003 (National Marine Fisheries Service 2003) and a final review in June 2005
(Good et al. 2005). Information also is available in Federal Register (FR) notices
announcing ESA listing proposals and determinations for some of these species and
their critical habitat (e.g., 58 FR 33212, 59 FR 440, 62 FR 24588, 62 FR 43937, 63
FR 13347, 64 FR 24049, 64 FR 50394, 65 FR 7764). The Final Programmatic
Environmental Impact Statement/Report (EIS/EIR) for the CALFED Bay-Delta
Program (CALFED 1999), and the Final Programmatic EIS for the Central Valley
Project Improvement Act (CVPIA) (Department of Interior [DOI] 1999), provide an
excellent summary of historical and recent environmental conditions for salmon and
steelhead in the Central Valley.
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The following general description of the factors affecting Sacramento River
winter-run Chinook salmon, Central Valley spring-run Chinook salmon, Central
Valley steelhead, North American green sturgeon and their habitat is based on a
summary of these documents.

In general, the human activities that have affected the listed anadromous salmonids
and their habitats consist of: (1) dam construction that blocks previously accessible
habitat; (2) water development and management activities that affect water quantity,
flow timing, quality, and stream function; (3) land use activities such as agriculture,
flood control, urban development, mining, road construction, and logging that
degrade aquatic and riparian habitat; (4) hatchery operation and practices; (5) harvest
activities; and (6) ecosystem restoration actions.

4.1.1. Habitat Blockage

Hydropower, flood control, and water supply dams of the CVP, SWP, and their
municipal and private entities have permanently blocked or hindered salmonid access
to historical spawning and rearing grounds. Clark (1929) estimated that originally
there were 6,000 linear miles of salmon habitat in the Central Valley system and that
80% of this habitat had been lost by 1928. Yoshiyama et al. (1996) calculated that
roughly 2,000 linear miles of salmon habitat was actually available before dam
construction and mining, and concluded that 82% is not accessible today.

In general, large dams on every major tributary to the Sacramento River, San Joaquin
River, and the Delta block salmon and steelhead access to the upper portions of the
respective watersheds. On the Sacramento River, Keswick Dam blocks passage to
historic spawning and rearing habitat in the upper Sacramento, McCloud, and Pit
Rivers. Whiskeytown Dam blocks access to the upper watershed of Clear Creek.
Oroville Dam and associated facilities block passage to the upper Feather River
watershed. Nimbus Dam blocks access to most of the American River basin. Friant
Dam construction in the mid-1940s has been associated with the elimination of
spring-run Chinook salmon in the San Joaquin River upstream of the Merced River
(Department of Interior 1999). On the Stanislaus River, construction of Goodwin
Dam (1912), Tulloch Dam (1957), and New Melones Dam (1979) blocked both
spring- and fall-run Chinook salmon (California Department of Fish and Game 2001)
as well as Central Valley steelhead. Similarly, La Grange Dam (1893) and New Don
Pedro Dam (1971) blocked upstream access to salmonids on the Tuolumne River.
Upstream migration on the Merced River was blocked in 1910 by the construction of
Merced Falls and Crocker-Huffman Dams and later New Exchequer Dam (1967) and
McSwain Dam (1967). These dams also had the potential to block any spawning
populations of green sturgeon in these tributaries.

As a result of the dams, winter-run Chinook salmon, spring-run Chinook salmon, and
steelhead populations on these rivers have been confined to lower elevation
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mainstems that historically only were used for migration. Population abundances
have declined in these streams due to decreased quantity and quality of spawning and
rearing habitat. Higher temperatures at these lower elevations during late summer and
fall are a major stressor to adults and juvenile salmonids. These barriers and
alterations to natural hydrology would similarly affect green sturgeon populations.

The Suisun Marsh Salinity Control Gates (SMSCG), located on Montezuma Slough,
were installed in 1988, and are operated with gates and flashboards to decrease the
salinity levels of managed wetlands in Suisun Marsh. The SMSCG have delayed or
blocked passage of adult Chinook salmon migrating upstream (Edwards et al. 1996;
Tillman et al. 1996; Department of Water Resources 2002). The effects of the
SMSCG on sturgeon are unknown at this time.

4.1.2. Water Development

The diversion and storage of natural flows by dams and diversion structures on
Central Valley waterways have depleted streamflows and altered the natural cycles
by which juvenile and adult salmonids base their migrations, and have affected the
recruitment success of sturgeon. As much as 60% of the natural historical inflow to
Central Valley watersheds and the Delta have been diverted for human uses.
Depleted flows have contributed to higher temperatures, lower DO levels, and
decreased recruitment of gravel and large woody debris (LWD). More uniform flows
year round have resulted in diminished natural channel formation, altered food web
processes, and slower regeneration of riparian vegetation. These stable flow patterns
have reduced bedload movement (Mount 1995; Ayers 2001), caused spawning
gravels required by salmonids to become embedded, and decreased channel widths
due to channel incision, all of which has decreased the available spawning and
rearing habitat below dams.

Water diversions for irrigated agriculture, municipal and industrial use, and managed
wetlands are found throughout the Central Valley. Hundreds of small and medium-
size water diversions exist along the Sacramento River, San Joaquin River, and their
tributaries. Although efforts have been made in recent years to screen some of these
diversions, many remain unscreened. Depending on the size, location, and season of
operation, these unscreened diversions entrain and kill many life stages of aquatic
species, including juvenile salmonids and sturgeon. For example, as of 1997, 98.5%
of the 3,356 diversions included in a Central Valley database were either unscreened
or screened insufficiently to prevent fish entrainment (Herren and Kawasaki 2001).
Most of the 370 water diversions operating in Suisun Marsh are unscreened (FWS
2003b).

Outmigrant juvenile salmonids in the Delta have been subjected to adverse
environmental conditions created by water export operations at the CVP/SWP.
Specifically, juvenile salmonid survival has been reduced by the following: (1) water
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diversion from the mainstem Sacramento River into the Central Delta via the Delta
Cross Channel; (2) upstream or reverse flows of water in the lower San Joaquin River
and southern Delta waterways; (3) entrainment at the CVP/SWP export facilities and
associated problems at Clifton Court Forebay; and (4) increased exposure to
introduced, nonnative predators such as striped bass (Morone saxatilis), largemouth
bass (Micropterus salmoides), and sunfishes (Centrarchidae spp.). Green sturgeon
have been entrained at the CVP/SWP export facilities as well.

4.1.3. Land Use Activities

Land use activities continue to have large impacts on salmonid habitat in the Central
Valley watershed. Until about 150 years ago, the Sacramento River was bordered by
up to 500,000 acres of riparian forest, with bands of vegetation extending outward for
4 or 5 miles (California Resources Agency 1989). By 1979, riparian habitat along the
Sacramento River diminished to 11,000 to 12,000 acres, or about 2% of historic
levels (McGill 1987). The degradation and fragmentation of riparian habitat had
resulted mainly from flood control and bank protection projects, together with the
conversion of riparian land to agriculture. Removal of snags and driftwood in the
Sacramento and San Joaquin River basins has reduced sources of LWD needed to
form and maintain stream habitat that salmon depend on in their various life stages.

Increased sedimentation resulting from agricultural and urban practices within the
Central Valley is one of the primary causes of salmonid habitat degradation (National
Marine Fisheries Service 1996). Sedimentation can adversely affect salmonids during
all freshwater life stages by clogging or abrading gill surfaces, adhering to eggs,
hampering fry emergence (Phillips and Campbell 1961), burying eggs or alevins,
scouring and filling in pools and riffles, reducing primary productivity and
photosynthesis activity (Cordone and Kelley 1961), and affecting intergravel
permeability and DO levels. Excessive sedimentation over time can cause substrates
to become embedded, which reduces successful salmonid spawning and egg and fry
survival (Waters 1995). Sturgeon are benthic-oriented fish, and therefore may be
more susceptible to the adverse effects associated with directly contacting
contaminated sediment that has accumulated on the channel bottom or feeding on
benthic invertebrates.

Land use activities associated with road construction, urban development, logging,
mining, agriculture, and recreation have significantly altered fish habitat quantity and
quality through the alteration of streambank and channel morphology; alteration of
ambient water temperatures; degradation of water quality; elimination of spawning
and rearing habitat; fragmentation of available habitats; elimination of downstream
recruitment of LWD; and removal of riparian vegetation, resulting in increased
streambank erosion (Meehan 1991). Urban stormwater and agricultural runoff may
be contaminated with herbicides and pesticides, petroleum products, sediment, etc.
Agricultural practices in the Central Valley have eliminated large trees and logs and
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other woody debris that would otherwise be recruited into the stream channel
(National Marine Fisheries Service 1998). LWD influences stream morphology by
affecting channel pattern, position, and geometry, as well as pool formation (Keller
and Swanson 1979; Bilby 1984; Robison and Beschta 1990).

Since the 1850s, wetlands reclamation for urban and agricultural development has
caused the cumulative loss of 79 and 94% of the tidal marsh habitat in the Delta
downstream and upstream of Chipps Island, respectively (Conomos et al. 1985;
Nichols et al. 1986; Wright and Phillips 1988; Monroe et al. 1992; Goals Project
1999). Prior to 1850, approximately 1400 square kilometers (km?) of freshwater
marsh surrounded the confluence of the Sacramento and San Joaquin Rivers, and
another 800 km? of saltwater marsh fringed San Francisco Bay’s margins. Of the
original 2,200 km? of tidally influenced marsh, only about 125 km? of undiked marsh
remains today. In Suisun Marsh, saltwater intrusion and land subsidence gradually
has led to the decline of agricultural production. Presently, Suisun Marsh consists
largely of tidal sloughs and managed wetlands for duck clubs, which were first
established in the 1870s in western Suisun Marsh (Goals Project 1999).

Dredging of river channels to enhance inland maritime trade and to provide raw
material for levee construction has significantly and detrimentally altered the natural
hydrology and function of the river systems in the Central Valley. Starting in the
mid-1800s, the Corps and other private consortiums began straightening river
channels and artificially deepening them to enhance shipping commerce. This has led
to declines in the natural meandering of river channels and the formation of pool and
riffle segments. The deepening of channels beyond their natural depth also has led to
a significant alteration in the transport of bedload in the riverine system as well as the
local flow velocity in the channel (Mount 1995). The Sacramento Flood Control
Project at the turn of the nineteenth century ushered in the start of large scale Corps
actions in the Delta and along the rivers of California for reclamation and flood
control. The creation of levees and the deep shipping channels reduced the natural
tendency of the San Joaquin and Sacramento Rivers to create floodplains along their
banks with seasonal inundations during the wet winter season and the spring snow
melt periods. These annual inundations provided necessary habitat for rearing and
foraging of juvenile native fish that evolved with this flooding process. The armored
riprapped levee banks and active maintenance actions of Reclamation Districts
precluded the establishment of ecologically important riparian vegetation,
introduction of valuable LWD from these riparian corridors, and the productive
intertidal mudflats characteristic of the undisturbed Delta habitat.

Juvenile salmonids are exposed to increased water temperatures in the Delta during
the late spring and summer due to the loss of riparian shading, and by thermal inputs
from municipal, industrial, and agricultural discharges. Studies by DWR on water
quality in the Delta over the last 30 years show a steady decline in the food sources
available for juvenile salmonids and sturgeon and an increase in the clarity of the
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water due to a reduction in phytoplankton and zooplankton. These conditions have
contributed to increased mortality of juvenile Chinook salmon, steelhead, and
sturgeon as they move through the Delta.

4.1.4. Water Quality

The water quality of the Delta has been negatively impacted over the last 150 years.
Increased water temperatures, decreased DO levels, and increased turbidity and
contaminant loads have degraded the quality of the aquatic habitat for the rearing and
migration of salmonids. The RWQCB, in its 1998 Clean Water Act 8303(d) list
characterized the Delta as an impaired water body having elevated levels of
chlorpyrifos, dichlorodiphenyltrichlor (DDT), diazinon, electrical conductivity,
Group A pesticides (aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor
epoxide, hexachlorocyclohexane (including lindane), endosulfan and toxaphene),
mercury, low DO, organic enrichment, and unknown toxicities (Regional Water
Quality Control Board 1998, 2001).

In general, water degradation or contamination can lead to either acute toxicity,
resulting in death when concentrations are sufficiently elevated, or more typically,
when concentrations are lower, to chronic or sublethal effects that reduce the physical
health of the organism, and lessens its survival over an extended period of time.
Mortality may become a secondary effect due to compromised physiology or
behavioral changes that lessen the organism’s ability to carry out its normal activities.
For example, increased levels of heavy metals are detrimental to the health of an
organism because they interfere with metabolic functions by inhibiting key enzyme
activity in metabolic pathways, decrease neurological function, degrade
cardiovascular output, and act as mutagens, teratogens or carcinogens in exposed
organisms (Rand et al. 1995; Goyer 1996). For listed species, these effects may occur
directly to the listed fish or to its prey base, which reduces the forage base available
to the listed species.

Sediments can either act as a sink or as a source of contamination depending on
hydrological conditions and the type of habitat the sediment occurs in. Sediment
provides habitat for many aquatic organisms and is a major repository for many of
the more persistent chemicals that are introduced into the surface waters. In the
aquatic environment, most anthropogenic chemicals and waste materials including
toxic organic and inorganic chemicals eventually accumulate in sediment (Ingersoll
1995).

Direct exposure to contaminated sediments may cause deleterious effects to listed
salmonids or the threatened green sturgeon. This may occur if a fish swims through a
plume of the resuspended sediments or rests on contaminated substrate and absorbs
the toxic compounds through one of several routes: dermal contact, ingestion, or
uptake across the gills. Elevated contaminant levels may be found in localized “hot
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spots” where discharge occurs or where river currents deposit sediment loads.
Sediment contaminant levels can thus be significantly higher than the overlying water
column concentrations (U.S. Environmental Protection Agency 1994). However, the
more likely route of exposure to salmonids or sturgeon is through the food chain,
when the fish feed on organisms that are contaminated with toxic compounds. Prey
species become contaminated either by feeding on the detritus associated with the
sediments or dwelling in the sediment itself. Therefore, the degree of exposure to the
salmonids and green sturgeon depends on their trophic level and the amount of
contaminated forage base they consume. Response of salmonids and green sturgeon
to contaminated sediments is similar to water borne exposures.

Low DO levels were frequently observed in the portion of the DWSC extending from
Channel Point, downstream to Turner and Columbia Cuts. Over a 5-year period,
starting in August 2000, a DO meter has recorded channel DO levels at Rough &
Ready Island (Dock 20 of the West Complex). Over the course of this time period,
there were 297 days in which violations of the 5 mg/l DO criteria for the protection
of aquatic life in the San Joaquin River between Channel Point and Turner and
Columbia Cuts occurred during the September through May migratory period for
salmonids in the San Joaquin River. One large source of oxygen demand in the
channel was the high ammonia levels in effluent discharged by City of Stockton
Wastewater Treatment Facility. However, beginning in 2007 the Stockton
Wastewater Treatment Facility began nitrification treatment of their effluent, which
is expected will decrease the ammonia concentration of their discharge from
approximately 30-35 mg/l down to 2 mg/l. The ammonia was the biggest oxygen
demand in the winter months and since nitrification treatments were initiated, DO
concentrations in the DWSC are anticipated to improve markedly during the winter
months according to predictive models. DO concentrations during the winter months
are not expected to decrease below objective DO concentrations. However, DO
concentrations between May and October will continue to be depressed without the
Project, and would often decrease below 4 mg/l between June and September (Jones
& Stokes 2002).

While the decrease in the ammonia released into the DWSC by the City of Stockton’s
Wastewater Treatment Facility has improved water quality, especially during the
winter months, other factors continue to contribute to DO depressions. Potential
factors that contributed to these DO depressions were reduced river flows through the
ship channel as a result of increased channel volume, and upstream contributions of
organic materials (e.g., algal loads, nutrients, agricultural discharges).

Adult fish migrating upstream will encounter lowered DO in the DWSC as they
move upstream in the fall and early winter due to low flows and excessive algal and
nutrient loads coming downstream from the upper San Joaquin River watershed.
Levels of DO below 5 mg/L have been reported as delaying or blocking fall-run
Chinook salmon in studies conducted by Hallock et al. (1970). As the river water and
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its constituents move downstream from the San Joaquin River channel to the DWSC,
the channel depth increases from approximately 8 to 10 feet to over 35 feet, which
with the increased channel volume contributes to decreased flow volumes. The water
column is no longer mixed adequately to prevent DO from decreasing by contact
with the air-water interface only. Photosynthesis by suspended algae is diminished by
increased turbidity and circulation below the photosynthetic compensation depth.
This is the depth to which light penetrates with adequate intensity to carry on
photosynthesis in excess of the oxygen demands of respiration. As the oxygen
demand from respiration, defined as biological oxygen demand, exceeds the rate at
which photosynthesis and mixing, then the level of can produce oxygen DO in the
water column will decrease. Additional demands on oxygen are also exerted in non-
biological chemical reactions in which compounds consume oxygen in an oxidation-
reduction reaction.

4.1.5. Hatchery Operations and Practices

Five hatcheries currently produce Chinook salmon in the Central Valley and four of
these also produce steelhead. Releasing large numbers of hatchery fish can pose a
threat to wild Chinook salmon and steelhead stocks through genetic impacts,
competition for food and other resources between hatchery and wild fish, predation
of hatchery fish on wild fish, and increased fishing pressure on wild stocks as a result
of hatchery production (Waples 1991). Straying of hatchery fish and the subsequent
interbreeding of hatchery fish with wild fish primarily cause the genetic impacts of
artificial propagation programs in the Central Valley. In the Central Valley, practices
such as transferring eggs between hatcheries and trucking smolts to distant sites for
release contribute to elevated straying levels (Department of Interior 1999). For
example, Nimbus Hatchery on the American River rears Eel River steelhead stock
and releases these fish in the Sacramento River basin. One of the recommendations in
the Joint Hatchery Review Report (National Marine Fisheries Service and California
Department of Fish and Game 2001) was to identify and designate new sources of
steelhead brood stock to replace the current Eel River origin brood stock.

Hatchery practices as well as spatial and temporal overlaps of habitat use and
spawning activity between spring- and fall-run fish have led to the hybridization and
homogenization of some subpopulations (California Department of Fish and Game
1998). As early as the 1960s, Slater (1963) observed that early fall- and spring-run
Chinook salmon were competing for spawning sites in the Sacramento River below
Keswick Dam, and speculated that the two runs may have hybridized. The Feather
River Hatchery (FRH) spring-run Chinook salmon have been documented as straying
throughout the Central Valley for many years (California Department of Fish and
Game 1998), and in many cases have been recovered from the spawning grounds of
fall-run Chinook salmon, an indication that FRH spring-run Chinook salmon may
exhibit fall-run life history characteristics. Although the degree of hybridization has
not been comprehensively determined, it is clear that the populations of spring-run
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Chinook salmon spawning in the Feather River and counted at the Red Bluff
Diversion Dam (RBDD) contain hybridized fish.

The management of hatcheries, such as Nimbus Hatchery and FRH, can directly
impact spring-run Chinook salmon and steelhead populations by over saturating the
natural carrying capacity of the limited habitat available below dams. In the case of
the Feather River, significant redd superimposition occurs in-river due to hatchery
overproduction and the inability to physically separate spring- and fall-run Chinook
salmon adults. This concurrent spawning has led to hybridization between the spring-
and fall-run Chinook salmon in the Feather River. At Nimbus Hatchery, operating
Folsom Dam to meet temperature requirements for returning hatchery fall-run
Chinook salmon often limits the amount if water available for steelhead spawning
and rearing the rest of the year.

The increase in Central Valley hatchery production has reversed the composition of
the steelhead population, from 88% naturally produced fish in the 1950s (McEwan
2001) to an estimated 3 to 37% naturally produced fish currently (Nobriga and
Cadrett 2001). The increase in hatchery steelhead production proportionate to the
wild population has reduced the viability of the wild steelhead populations, increased
the use of out-of-basin stocks for hatchery production, and increased straying
(National Marine Fisheries Service and California Department of Fish and Game
2001). Thus, the ability of natural populations to successfully reproduce and continue
their genetic integrity likely has been diminished.

The relatively low number of spawners needed to sustain a hatchery population can
result in high harvest-to-escapements ratios in waters where fishing regulations are
set according to hatchery population. This can lead to over-exploitation and reduction
in the size of wild populations existing in the same system as hatchery populations
due to incidental bycatch (McEwan 2001).

Hatcheries also can have some positive effects on salmonid populations. Artificial
propagation has been shown to be effective in bolstering the numbers of naturally
spawning fish in the short term under specific scenarios, artificial propagation
programs can also aid in conserving genetic resources and guarding against
catastrophic loss of naturally spawned populations at critically low abundance levels,
as was the case with the Sacramento River winter-run Chinook salmon population
during the 1990s. However, relative abundance is only one component of a viable
salmonid population.

4.1.6. Commercial and Sport Harvest

Ocean Harvest

(1) Chinook salmon. Extensive ocean recreational and commercial troll fisheries for
Chinook salmon exist along the Central California coast, and an inland recreational

49
L July 2007



Biological Assessment — DWSC Aeration Demonstration Project

fishery exists in the Central Valley for Chinook salmon and steelhead. Ocean harvest
of Central Valley Chinook salmon is estimated using an abundance index, called the
Central Valley Index (CVI). The CVI1 is the ratio of Chinook salmon harvested south
of Point Arena (where 85% of Central Valley Chinook salmon are caught) to
escapement. Coded Wire Tag (CWT) returns indicate that Sacramento River salmon
congregate off the California coast between Point Arena and Morro Bay.

Since 1970, the CVI for winter-run Chinook salmon generally has ranged between
0.50 and 0.80. In 1990, when ocean harvest of winter-run Chinook salmon was first
evaluated by NMFS and the Pacific Fisheries Management Council (PFMC), the CVI
harvest rate was near the highest recorded level at 0.79. NMFS determined in a 1991
biological opinion that continuance of the 1990 ocean harvest rate would not prevent
the recovery of winter-run Chinook salmon. Through the early 1990s, the ocean
harvest index was below the 1990 level (i.e., 0.71 in 1991 and 1992, 0.72 in 1993,
0.74 in 1994, 0.78 in 1995, and 0.64 in 1996). In 1996 and 1997, NMFS issued a
biological opinion, which concluded that incidental ocean harvest of winter-run
Chinook salmon represented a significant source of mortality to the endangered
population, even though ocean harvest was not a key factor leading to the decline of
the population. As a result of these opinions, measures were developed and
implemented by the PFMC, NMFS, and DFG to reduce ocean harvest by
approximately 50%.

Ocean fisheries have affected the age structure of spring-run Chinook salmon through
targeting large fish for many years and reducing the numbers of 4- and 5-year-old
fish (California Department of Fish and Game 1998). There are limited data on
spring-run Chinook salmon ocean harvest rates. An analysis of 6 tagged-groups of
FRH spring-run Chinook salmon by Cramer and Demko (1997) indicated that harvest
rates of 3-year-old fish ranged from 18% to 22%, 4-year-old fish ranged from 57% to
84%, and 5-year-olds ranged from 97% to 100%. The almost complete removal of
5-year-olds from the population effectively reduces the age structure of the

37 species, which reduces its resiliency to factors that may impact a particular year
class (e.g., pre-spawning mortality from lethal instream water temperatures).

(2) Green sturgeon. Ocean harvest for green sturgeon occurs primarily along the
Oregon and Washington coasts and within their coastal estuaries. A commercial
fishery for sturgeon still exists within the Columbia River, where they are caught in
gill nets along with the more commercially valuable white sturgeon. Green sturgeon
are also caught by recreational fisherman, and it is the primary bottom fish landed in
Willapa Bay. Within the San Francisco Bay estuary, green sturgeons are captured by
sport fisherman targeting the more desirable white sturgeon, particularly in San Pablo
and Suisun Bays (Emmett et al. 1991).
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Freshwater Sport Harvest

(1) Chinook salmon. Historically in California, almost half of the river sportfishing
effort was in the Sacramento—San Joaquin River system, particularly upstream from
the city of Sacramento (Emmett et al. 1991). Since 1987, the Fish and Game
Commission has adopted increasingly stringent regulations to reduce and virtually
eliminate the in-river sport fishery for winter-run Chinook salmon. Present
regulations include a year-round closure to Chinook salmon fishing between Keswick
Dam and the Deschutes Road Bridge and a rolling closure to Chinook salmon fishing
on the Sacramento River between the Deschutes River Bridge and the Carquinez
Bridge. The rolling closure spans the months that migrating adult winter-run Chinook
salmon are ascending the Sacramento River to their spawning grounds. These
closures have virtually eliminated impacts on winter-run Chinook salmon caused by
recreational angling in fresh water.

In 1992, the California Fish and Game Commission adopted gear restrictions (all
hooks must be barbless and a maximum of 5.7 cm in length) to minimize hooking
injury and mortality of winter-run Chinook salmon caused by trout anglers. That
same Yyear, the Commission also adopted regulations, which prohibited any salmon
from being removed from the water to further reduce the potential for injury and
mortality.

In-river recreational fisheries historically have taken spring-run Chinook salmon
throughout the species’ range. During the summer, holding adult spring-run Chinook
salmon are easily targeted by anglers when they congregate in large pools. Poaching
also occurs at fish ladders, and other areas where adults congregate; however, the
significance of poaching on the adult population is unknown. Specific regulations for
the protection of spring-run Chinook salmon in Mill, Deer, Butte and Big Chico
creeks were added to the existing DFG regulations in 1994. The current regulations,
including those developed for winter-run Chinook salmon; provide some level of
protection for spring-run fish (California Department of Fish and Game 1998).

(2) Steelhead. There is little information on steelhead harvest rates in California.
Hallock et al. (1961) estimated that harvest rates for Sacramento River steelhead
from the 1953-1954 through 1958-1959 seasons ranged from 25.1% to 45.6%
assuming a 20% non-return rate of tags. Staley (1975) estimated the harvest rate in
the American River during the 1971-1972 and 1973-1974 seasons to be 27%. The
average annual harvest rate of adult steelhead above RBDD for the 3-year period
from 1991-1992 through 1993-1994 was 16% (McEwan and Jackson 1996). Since
1998, all hatchery steelhead have been marked with an adipose fin clip allowing
anglers to distinguish hatchery and wild steelhead. Current regulations restrict anglers
from keeping unmarked steelhead in Central Valley streams (California Department
of Fish and Game 2004c). Overall, this regulation has greatly increased protection of
naturally produced adult steelhead.

L | July 2007



Biological Assessment — DWSC Aeration Demonstration Project

(3) Green sturgeon. Green sturgeon are caught incidentally by sport fisherman
targeting the more highly desired white sturgeon within the Delta waterways and the
Sacramento River. As of March 2006, green sturgeon may no longer be retained by
fisherman in California waters. This protects the stocks of green sturgeon that are
found within the same waters as the targeted white sturgeon.

4.1.7. Predation

Accelerated predation also may be a factor in the decline of winter-run Chinook
salmon and spring-run Chinook salmon, and to a lesser degree steelhead. Human-
induced habitat changes such as alteration of natural flow regimes and installation of
bank revetment and structures such as dams, bridges, water diversions, piers, and
wharves often provide conditions that both disorient juvenile salmonids and attract
predators (Stevens 1961; Decato 1978; Vogel et al. 1988; Garcia 1989). These
conditions likely increase predation on larval and small juvenile sturgeon as well.

On the mainstem Sacramento River, high rates of predation are known to occur at the
RBDD, Anderson Cottonwood Irrigation District’s diversion dam, GCID’s diversion
dam, areas where rock revetment has replaced natural riverbank vegetation, and at
south Delta water diversion structures (e.g., Clifton Court Forebay) (California
Department of Fish and Game 1998). Predation at RBDD on juvenile winter-run
Chinook salmon is believed to be higher than normal due to factors such as water
guality and flow dynamics associated with the operation of this structure. Due to their
small size, early emigrating winter-run Chinook salmon may be very susceptible to
predation in Lake Red Bluff when the RBDD gates remain closed in summer and
early fall (Vogel et al. 1988). In passing the dam, juveniles are subject to conditions,
which greatly disorient them, making them highly susceptible to predation by fish or
birds. Sacramento pikeminnow (Ptychocheilus grandis) and striped bass congregate
below the dam and prey on juvenile salmon in the tail waters.

FWS found that more predatory fish were found at rock revetment bank protection
sites between Chico Landing and Red Bluff than at sites with naturally eroding banks
(Michny and Hampton 1984). From October 1976 to November 1993, DFG
conducted 10 mark/recapture studies at the SWP’s Clifton Court Forebay to estimate
pre-screen losses using hatchery-reared juvenile Chinook salmon. Pre-screen losses
ranged from 69% to 99%. Predation by striped bass is thought to be the primary
cause of the loss (Gingras 1997).

Other locations in the Central Valley where predation is of concern include flood
bypasses, post release sites for salmonids salvaged at the State and Federal fish
facilities, and the SMSCG. Predation on salmon by striped bass and pikeminnow at
salvage release sites in the Delta and lower Sacramento River has been documented
(Orsi 1967; Pickard et al. 1982); however, accurate predation rates at these sites are
difficult to determine. DFG conducted predation studies from 1987 to 1993 at the
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SMSCG to determine if the structure attracts and concentrates predators. The
dominant predator species at the SMSCG was striped bass, and the remains of
juvenile Chinook salmon were identified in their stomach contents (National Marine
Fisheries Service 1997).

4.1.8. Environmental Variation

Natural changes in the freshwater and marine environments play a major role in
salmonid abundance. Recent evidence suggests that marine survival among
salmonids fluctuates in response to 20- to 30-year cycles of climatic conditions and
ocean productivity (Hare et al. 1999; Mantua and Hare 2002). This phenomenon has
been referred to as the Pacific Decadal Oscillation. In addition, large-scale climatic
regime shifts, such as the EI Nino condition, appear to change productivity levels
over large expanses of the Pacific Ocean. A further confounding effect is the
fluctuation between drought and wet conditions in the basins of the American west.
During the first part of the 1990s, much of the Pacific Coast was subject to a series of
very dry years, which reduced inflows to watersheds up and down the west coast.

A key factor affecting many West Coast stocks has been a general 30-year decline in
ocean productivity. The mechanism whereby stocks are affected is not well
understood, partially because the pattern of response to these changing ocean
conditions has differed among stocks, presumably due to differences in their ocean
timing and distribution. It is presumed that survival in the ocean is driven largely by
events occurring between ocean entry and recruitment to a sub adult life stage.

Salmon and steelhead are exposed to high rates of natural predation, particularly
during freshwater rearing and migration stages. Predation rates on juvenile and adult
green sturgeon have not been adequately studied to date. Ocean predation may also
contribute to significant natural mortality, although it is not known to what extent. In
general, salmonids are prey for pelagic fishes, birds, and marine mammals, including
harbor seals, sea lions, and killer whales. There have been recent concerns that the
rebound of seal and sea lion populations following their protection under the Marine
Mammal Protection Act of 1972 has increased the number of salmonid deaths. This
may be further exacerbated by the decline of other fisheries stocks (e.g., haddock,
Pollock, and members of the genus Sebastes), which provided alternative forage
resources to marine mammals.

Finally, unusual drought conditions may warrant additional consideration in
California. Flows in 2001, in the Sacramento watershed and San Joaquin watershed,
were 70% and 66% of normal, according to the Sacramento River Index and the San
Joaquin River Index, respectively. Back-to-back drought years could be catastrophic
to small populations of listed salmonids that are dependent upon reservoir releases
for their success (such as winter-run Chinook salmon). Therefore, reservoir carryover
storage (usually referred to as end-of-year storage) is a key element in providing
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adequate reserves to protect salmon and steelhead during extended drought periods.
In order to buffer the effect of drought conditions and over allocation of resources,
NMPFS in the past has recommended that minimum carryover storage be maintained
in Shasta and other reservoirs to help alleviate critical flow and temperature
conditions in the fall. Green sturgeon’s need for appropriate water temperatures also
would benefit from river operations that maintain a suitable temperature profile for
this species.

4.1.9. Ecosystem Restoration

California Bay-Delta Authority

Restoration actions implemented by the ERP include the installation of fish screens,
modification of barriers to improve fish passage, habitat acquisition, and instream
habitat restoration. The majority of these actions address key factors affecting listed
salmonids and emphasis has been placed in tributary drainages with high potential for
steelhead and spring-run Chinook salmon production. Additional ongoing actions
include new efforts to enhance fisheries monitoring and directly support salmonid
production through hatchery releases. Recent habitat restoration initiatives sponsored
and funded primarily by the CBDA-ERP Program have resulted in plans to restore
ecological function to 9,543 acres of shallow-water tidal and marsh habitats within
the Delta. Restoration of these areas primarily involves flooding lands previously
used for agriculture, thereby creating additional rearing habitat for juvenile
salmonids. Similar habitat restoration is imminent adjacent to Suisun Marsh (e.g. at
the confluence of Montezuma Slough and the Sacramento River) as part of the
Montezuma Wetlands project, which is intended to provide for commercial disposal
of material dredged from San Francisco Bay in conjunction with tidal wetland
restoration.

Central Valley Project Improvement Act

The CVPIA, passed in 1992 and implemented over ten years, requires that fish and
wildlife get equal consideration with agricultural and flood control considerations for
water allocations derived from the CVVP. From this act arose several programs that
have benefited listed salmonids: the Anadromous Fish Restoration Program (AFRP),
the Anadromous Fish Screen Program (AFSP), and the Water Acquisition Program
(WAP). The AFRP is engaged in monitoring, education, and restoration projects
geared toward recovery of all anadromous fish species residing in the Central Valley.
Restoration projects funded through the AFRP include fish passage, fish screening,
riparian easement and land acquisition, development of watershed planning groups,
instream and riparian habitat improvement, and gravel replenishment. The AFRP
combines Federal funding with State and private funds to prioritize and construct fish
screens on major water diversions mainly in the upper Sacramento River. The goal of
the WAP is to acquire water supplies to meet the habitat restoration and enhancement
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goals of the CVPIA and to improve the DOI’s ability to meet regulatory water quality
requirements. Water has been used successfully to improve fish habitat for spring-run
Chinook salmon and steelhead by maintaining or increasing instream flows in Butte
and Mill Creeks and the San Joaquin River at critical times.

Iron Mountain Mine Remediation

The United States Environmental Protection Agency’s (EPA’s) Iron Mountain Mine
remediation involves the removal of toxic metals in acidic mine drainage from the
Spring Creek Watershed with a state-of-the-art lime neutralization plant.
Contaminant loading into the Sacramento River from Iron Mountain Mine has shown
measurable reductions since the early 1990s (U.S. Department of the Interior, Bureau
of Reclamation [Reclamation] 2004). Decreasing the heavy metal contaminants that
enter the Sacramento River should increase the survival of salmonid eggs and
juveniles. However, during periods of heavy rainfall upstream of the Iron Mountain
Mine, Reclamation substantially increases Sacramento River flows in order to dilute
heavy metal contaminants being spilled from the Spring Creek debris dam. This rapid
change in flows can cause juvenile salmonids to become stranded or isolated in side
channels below Keswick Dam.

State Water Project Delta Pumping Plant Fish Protection Agreement
(Four-Pumps Agreement)

The Four Pumps Agreement Program has approved about $49 million for projects
that benefit salmon and steelhead production in the Sacramento—San Joaquin basins
and Delta since the agreement inception in 1986. Four Pumps projects that benefit
spring-run Chinook salmon and steelhead include water exchange programs on Mill
and Deer Creeks; enhanced law enforcement efforts from San Francisco Bay
upstream to the Sacramento and San Joaquin Rivers and their tributaries; design and
construction of fish screens and ladders on Butte Creek; and screening of diversions
in Suisun Marsh and San Joaquin tributaries. Predator habitat isolation and removal,
and spawning habitat enhancement projects on the San Joaquin tributaries benefit
steelhead (Bureau of Reclamation 2004).

The Spring-Run Salmon Increased Protection Project provides overtime wages for
DFG wardens to focus on reducing illegal take and illegal water diversions on upper
Sacramento River tributaries and adult holding areas, where the fish are vulnerable to
poaching. This project covers Mill, Deer, Antelope, Butte, Big Chico, Cottonwood,
and Battle Creeks, and has been in effect since 1996. Through the Delta-Bay
Enhanced Enforcement Program, initiated in 1994, a team of 10 wardens focus their
enforcement efforts on salmon, steelhead, and other species of concern from the San
Francisco Bay Estuary upstream into the Sacramento and San Joaquin River basins.
These two enhanced enforcement programs have had significant, but unquantified
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benefits; to spring-run Chinook salmon attributed by DFG (Bureau of Reclamation
2004).

The Mill and Deer Creek Water Exchange projects are designed to provide new wells
that enable diverters to bank groundwater in place of stream flow, thus leaving water
in the stream during critical migration periods. On Mill Creek several agreements
between Los Molinos Mutual Water Company (LMMWC), Orange Cove Irrigation
District (OCID), DFG, and DWR allows DWR to pump groundwater from two wells
into the LMMWC canals to pay back LMMWC water rights for surface water
released downstream for fish. Although the Mill Creek Water Exchange project was
initiated in 1990 and the agreement allows for a well capacity of 25 cfs, only 12 cfs
has been developed to date (Bureau of Reclamation and Orange Cove Irrigation
District 1999). In addition, it has been determined that a base flow of greater than 25
cfs is needed during the April through June period for upstream passage of adult
spring-run Chinook salmon in Mill Creek (Bureau of Reclamation and Orange Cove
Irrigation District 1999). In some years, water diversions from the creek are curtailed
by amounts sufficient to provide for passage of upstream migrating adult spring-run
Chinook salmon and downstream migrating juvenile steelhead and spring-run
Chinook salmon. However, the current arrangement does not ensure adequate flow
conditions will be maintained in all years. DWR, DFG, and FWS have developed the
Mill Creek Adaptive Management Enhancement Plan to address the instream flow
issues. A pilot project using 1 of the 10 pumps originally proposed for Deer Creek
was tested in summer 2003. Future testing is planned with implementation to follow.

4.1.10. Nonnative Invasive Species

As currently seen in the San Francisco estuary, nonnative invasive species (NIS) can
alter the natural food webs that existed prior to their introduction. Perhaps the most
significant example is illustrated by the Asiatic freshwater clams Corbicula fluminea
and Potamocorbula amurensis. The arrival of these clams in the estuary disrupted the
normal benthic community structure and depressed phytoplankton levels in the
estuary due to the highly efficient filter feeding of the introduced clams (Cohen and
Moyle 2004). The decline in the levels of phytoplankton reduces the population
levels of zooplankton that feed upon them, and hence reduces the forage base
available to salmonids transiting the Delta and San Francisco estuary, which feed
either upon the zooplankton directly, or their mature forms. This lack of forage base
can adversely impact the health and physiological condition of these salmonids as
they emigrate through the Delta region to the Pacific Ocean.

Attempts to control the NIS also can adversely impact the health and well being of
salmonids within the affected water systems. For example, the control programs for
the invasive water hyacinth and Egeria densa plants in the Delta must balance the
toxicity of the herbicides applied to control the plants to the probability of exposure
to listed salmonids during herbicide application. In addition, the control of the
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nuisance plants have certain physical parameters that must be accounted for in the
treatment protocols, particularly the decrease in DO resulting from the decomposing
vegetable matter left by plants that have died.

4.1.11. Summary

For Sacramento River winter-run Chinook salmon, Central Valley spring-run
Chinook salmon, and Central Valley steelhead, the construction of high dams for
hydropower, flood control, and water supply resulted in the loss of vast amounts of
upstream habitat (i.e., approximately 80%, or a minimum linear estimate of over
1,000 stream miles), and often resulted in precipitous declines in affected salmonid
populations. For example, the completion of Friant Dam in 1947 has been linked with
the extirpation of spring-run Chinook salmon in the San Joaquin River upstream of
the Merced River within just a few years. The reduced populations that remain below
Central Valley dams are forced to spawn in lower elevation tailwater habitats of the
mainstem rivers and tributaries that were previously not used for this purpose. This
habitat is entirely dependent on managing reservoir releases to maintain cool water
temperatures suitable for spawning, and/or rearing of salmonids. This requirement
has been difficult to achieve in all water year types and for all life stages of affected
salmonid species. Steelhead, in particular, seem to require the qualities of small
tributary habitat similar to what they historically used for spawning; habitat that is
largely unavailable to them under the current water management scenario. All
salmonid species considered in this consultation have been adversely affected by the
production of hatchery fish associated with the mitigation for the habitat lost to dam
construction (e.g., from genetic impacts, increased competition, exposure to novel
diseases, etc.).

Land-use activities such as road construction, urban development, logging, mining,
agriculture, and recreation are pervasive and have significantly altered fish habitat
quantity and quality for Chinook salmon and steelhead through alteration of
streambank and channel morphology; alteration of ambient water temperatures;
degradation of water quality; elimination of spawning and rearing habitat;
fragmentation of available habitats; elimination of downstream recruitment of LWD;
and removal of riparian vegetation resulting in increased streambank erosion. Human
induced habitat changes, such as: alteration of natural flow regimes; installation of
bank revetment; and building structures such as dams, bridges, water diversions,
piers, and wharves, often provide conditions that both disorient juvenile salmonids
and attract predators. Harvest activities, ocean productivity, and drought conditions
provide added stressors to listed salmonid populations. In contrast, various ecosystem
restoration activities have contributed to improved conditions for listed salmonids
(e.g., various fish screens). However, some important restoration activities (e.g.,
Battle Creek) have not yet been initiated. Benefits to listed salmonids from the EWA
have been smaller than anticipated.
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Similar to the listed salmonids, the southern population of North American green
sturgeon have been negatively impacted by hydroelectric and water storage
operations in the Central Valley which ultimately affect the hydrology and
accessibility of Central Valley rivers and streams to anadromous fish. Anthropogenic
manipulations of the aquatic habitat, such as dredging, bank stabilization, and
wastewater discharges have also degraded the quality of the Central Valley’s
waterways for green sturgeon.

4.2. Existing Monitoring Programs

Salmon-focused monitoring efforts are taking place throughout the Sacramento and
San Joaquin River basins, and the Suisun Marsh. Many of these programs
incidentally gather information on steelhead but a focused, comprehensive steelhead
monitoring program has not been funded or implemented in the Central Valley. The
existing salmonid monitoring efforts include the following:

= 1999 Interagency Ecological Program (IEP) Steelhead Project Work Team
report on monitoring, assessment, and research on steelhead: status of
knowledge, review of existing programs, and assessment of needs
(Interagency Ecological Program 1999);

= DFG Plan;

= U.S. Forest Service Sierra Nevada Framework monitoring plan;

= ESA section 10 and section 4(d) scientific research permit applications;
= Trinity River Restoration Program biological monitoring; and

= Suisun Marsh Monitoring Program.

Studies focused on the life history of green sturgeon are currently being implemented
by researchers at academic institutions such as University of California, Davis.
Future plans include radio-telemetry studies to track the movements of green
sturgeon within the Delta and Sacramento River systems. Additional studies
concerning the basic biology and physiology of the fish are also being conducted to
better understand the fish’s niche in the aquatic system.
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Chapter 5. Effects of the Action

The direct and indirect effects of the action were analyzed using information
compiled from the literature review, review of engineering drawings, and discussions
with project engineers and NMFS staff. The extent or limits of impacts resulting from
the operation of the aeration facility and the 2-year monitoring study were derived
from project plans, discussions with project engineers, and review of scientific
literature.

Direct effects considered include physical impacts to the species, as well as
designated critical habitat that could potentially be affected by operational activities
during the 2-year study.

Indirect effects are effects that are caused by the action but occur later in time.
Indirect effects evaluated include potential changes to habitat that evolve following
project construction and future disturbance related to the operation and maintenance
of the aeration facility.

Potential interrelated and interdependent actions and beneficial effects were
investigated as well. Interrelated actions include activities that are part of the larger
action and depend on the larger action for their justification. Interdependent activities
include those activities that have no independent utility apart from the action under
consultation. Beneficial effects are contemporaneous positive effects without any
long-term adverse effects.

The impacts discussed below are those impacts identified that are reasonably certain
to result from the Project and affect federally listed species.

The effects analysis considered BMPs and conservation measures intended to
minimize or avoid project impacts. The federal agency with jurisdiction over the
listed species that could be affected (NMFS) may provide recommendations for
further limiting potential impacts to federally listed species
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5.1. Direct Effects

The DWSC is used as a migration corridor by juvenile and adult salmonids. Green
sturgeon have not been documented in the San Joaquin River and there is no
evidence of green sturgeon having ever occurred in the San Joaquin River (National
Marine Fisheries Service 2005).

The direct effects of the operation of the Project may include attraction of juvenile
and adult salmonids to the diffuser, and whether being in close proximity to the
diffuser could potentially be harmful to these fish species through exposure to ROS
and/or exposure to oxygen supersaturated water.

The evaluation of direct effects focuses on the effects of the test operation phase of
the Project. Specifically, NMFS staff voiced concerns that the operation of the
Project could attract juvenile salmon or steelhead to areas of the water column that
are supersaturated with oxygen, and if so attracted, could be exposed to oxygen at
concentrations or ROS that could be harmful. Conversely, Project operations could
have beneficial effects to these species by increasing DO concentrations within the
DWSC from Turner Cut to Stockton, approximately 7 miles.

The analysis evaluates the following factors that may lead to an adverse or beneficial
affect to listed salmonids.

= Are juvenile salmonids present during the period of the demonstration (May
1 to October 15)?

= What is the expected vertical distribution of juvenile salmonids as they pass
through the DWSC?

» What are the oxygen conditions in the DWSC expected to be when the
Project is in operation?

= Would juvenile salmon be attracted to areas of the DWSC that could contain
water supersaturated with oxygen when the system is in operation?

= Could a juvenile salmonid locate to and maintain itself in an area of
supersaturated oxygen?

= What are the potential effects of exposure to waters with supersaturated
oxygen levels?

= |sthere a potential for the formation of ROS, and if so, could exposure to
ROS affect salmonids?

= Isthere a potential for combined gas pressure to affect juvenile salmonids
(gas bubble disease)?

»= What monitoring will be conducted during the operation of the Project?
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= What is the potential for adverse effects to listed salmonids?

= What is the potential for beneficial effects to listed salmonids?

5.1.1. Are juvenile salmonids present during the period of the
demonstration (May 1 to October 15)?

The diffuser will operate for up to 100 days each year, when DO concentrations
within the DWSC tend to fall below the objective DO concentration of 5mg/l. This
typically occurs June through October.

Juvenile salmonid outmigration generally coincides with high flows, which typically
occur January through May. Thus the majority of juvenile salmonids are anticipated
to be out of the DWSC during the periods when the Project will be operating (Project
will generally operate from mid- to late May through mid-October).

In regard to the listed species evaluated in this BA, Sacramento River winter-run and
Central Valley spring-run Chinook salmon do not have self-sustaining populations in
the San Joaquin River, and thus do not migrate through the DWSC. Although the
DWSC is not a migratory pathway, NMFS indicated that individual fish could occur
in the DWSC (National Marine Fisheries Service 2006) being attracted to SWC and
CVP pumping project flows.

The peak downstream migration of juvenile Central Valley steelhead originating
from San Joaquin River tributaries occurs between February and May (National
Marine Fisheries Service 2006). Although the vast majority of the outmigrants pass
the DWSC before the annual initiation of aeration in May/June, some juvenile
steelhead could be present during the demonstration period.

Adult Central Valley Steelhead spawn between December and April, but may
migrate into the San Joaquin River as early as September, but it is more likely that
most adults occur in the DWSC in December (National Marine Fisheries Service
2006). Few adults are expected during the period when the Project will be operating.

5.1.2. What is the expected vertical distribution of juvenile
salmonids as they pass through the DWSC?

It is important to understand species vertical distribution within the water column
during outmigration. Extensive research has been conducted within the Columbia
River and Lake Washington systems, in Washington state, which are similar to the
San Joaquin River in that these systems have all been manipulated quite substantially
through anthropogenic modifications, both in terms of flow manipulation and channel
bathymetry.

Habitat utilization in the Columbia River is strongly related to fish size. Most authors
examining juvenile Chinook salmon in the lower Columbia and lower Willamette
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rivers have identified two distinct groups, the subyearling and yearling fish, which
partition habitat as detailed in Table 1.

Both yearling and subyearling Chinook salmon show the same limits on depth of
habitat utilization: they are all found predominantly in the uppermost 3 meters (m) of
the water column. Beeman et al. (2000, cited in Collis et al. 2001) identifies a median
migration depth for yearling Chinook salmon in the McNary pool of 2.4 m. Carlson
et al. (2001) reports that “sampling with a tow net, which could be set to sample at
various depths, showed that when in deep water, the majority (95%) of juvenile fall
Chinook are found in the upper 3 m (10 ft) of the water column.” Carlson et al.
(2001) also note that this observation is true for all runs of juvenile salmonids in the
Jones Beach (RM 45) reach: “migrating juvenile salmonids are present within the
entire cross section of the Jones Beach reach, especially the upper 10 feet of the
water column during their outmigration period,” and cites previous evidence as well:
“The majority of smaller salmonid migrants have been found to pass through the
reach within the 10 feet contour (Dawley et al. 1986).”

Table 1. Differences between Subyearling and Yearling Chinook Salmon in the
Lower Columbia and Willamette Rivers

Attribute Subyearling Chinook Yearling Chinook

Abundance 95% of salmonids in beach Predominant in electrofishing at depths of 1-3 m (2)
seines (3); predominant in
beach seines (2)

Fork length 45-75mm (2) >100 mm (1, 2)

Origin Predominantly wild (2) Predominantly hatchery (2)

Run Fall and summer (1, 6) Spring and summer (1, 6)

Channel Very common in beach seines, | Mostly detected by electrofishing and in tag studies, swimming
utilization mostly at 0-1 m depth (2, 3,6) | at 0-2 m depth in waters >2 m deep (water often much deeper,

in mid-channel); rare in beach seines (1, 2, 3, 4, 6) exceptin
February to mid-April (6)

Movement Random (4) Downstream (4)

vector

Transit Slower (4.5 days Bonneville to Faster (3.5 days) with apparent rapid movement through the
speeds river mouth), with most delay entire lower Columbia River (4, 5)

accrued in the estuary (4)

Sources:

1) Collis et al (2001)

2) Friesen et al. (2004)

3) Pearson et al. (2006)
4) McMichael et al. (2006)
5) Dawley et al. (1986)

6)

(
(
(
(
(6) Carlson et al. (2001)

Juvenile Chinook salmon use of shallow water habitat has been studied more closely
in the Lake Washington system than in the lower Columbia River. The observations
made in the Lake Washington system do not contradict those from the Columbia
River and provide further insight to shallow water habitat use by Chinook salmon.
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They indicate that the smallest Chinook salmon (40 to 50 millimeters fork length
[FL]), those found earliest in the season, only occur in water up to 0.5 meters deep
during the daylight hours (Tabor et al. 2006). From late April through June, as the
fish grow (reaching a size of 85 to 100 mm FL), they occupy progressively deeper
waters, eventually foraging primarily in waters 2—3 m deep (Tabor et al. 2006). The
authors attribute this behavior to changing predation pressures: small fish are more
vulnerable to piscivorous fishes, while slightly larger fish are attractive to piscivorous
birds. A similar selection pressure exists near the mouth of the Columbia River,
where cormorants and terns appear to selectively predate the relatively large yearling
Chinook salmon and steelhead in preference to the smaller subyearling Chinook
salmon (Collis et al. 2001). A similar relationship between fish size and water depth
has also been described for the Yakima River (Allen 2000, in Tabor et al. 2006).

Based on these findings from multiple studies in the lower Columbia River, the lower
Willamette River, and elsewhere, it appears clear that both subyearling and yearling
Chinook salmon, as well as juvenile steelhead and other salmonids, confine their
activities primarily to the upper 3 meters or 10 feet of the water column. Thus, they
would be expected to use benthic habitat in areas that have less than 10 feet of water
depth; elsewhere, they will be in the upper 10 feet of a relatively deep water-column,
and will be relatively unresponsive to benthic conditions.

Juvenile salmonids that may be attracted to, and seek out the diffuser, will have to
leave the upper 3 meters (10 feet) of the water column and swim down to 12.5 feet to
come into contact with the diffuser.

5.1.3. What are the oxygen conditions in the DWSC expected to
be when the Project is in operation?

The Project is intended to ensure that DO concentrations do not fall below the
objective levels established by the RWQCB during the summer/low-flow months,
when they typically sag below the 5 mg/l objective. Project operations will elevate
DO concentrations within the action area of the DWSC to above 5 mg/l during the
periods when it would otherwise sag below that objective.

The Project will operate when DO concentrations are decreasing and hit 5.5 mg/I,
providing a 0.5 mg/l buffer to allow sufficient time for the Project to increase DO
concentrations.

On September 1 and 2, 2004, a tracer investigation was performed over a 25-hour
period to evaluate the lateral and longitudinal dispersion and tidal movement of
oxygenated water within the DWSC. The investigation found that during flood and
ebb tides, the longitudinal transport of the dyed water was approximately 16,000 feet
and 10,000 feet, respectively. Lateral dispersion across the entire DWSC was
achieved within 24 hours.
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Project operations are expected to increase DO concentrations within project action
area of the DWSC, keeping the DO concentration at or above 6 mg/I.

5.1.4. Would juvenile salmon be attracted to areas of the DWSC
that could contain water supersaturated with oxygen
when the Project is operating?

Fish, like all animals, if possible, avoid environments that do not optimize conditions
for their metabolism and other physiological processes. Kramer (1987) reviewed the
literature regarding the behavioral effects of DO on fish from the perspective of
optimization theory. The principle categories of behavioral responses to low DO
were activity, air breathing, aquatic surface respiration and vertical or horizontal
changes in habitat change. Many species of fish have been observed to alter their
location, both horizontally and vertically, in response to low DO. Whether this is
avoidance of low DO or attraction to higher DO is not clear. Further, at low (but non-
critical) DO levels, other habitat or physiochemical environmental factors such as
temperature may influence a fish’s distribution. From an optimization theory
perspective, fish should be avoiding suboptimal habitat based on the full range of
environmental conditions that contribute to survival and energetic efficiency.

There is one example cited by Kramer (1987) where increased DO (pumping lake
water into a wooden box, and returning it to the lake via an excavated channel) was
used to attract pike to traps in an ice covered, hypoxic lake (Johnson and Moyle
1969). The DO of the water returned to the lake was in the range of 5-7 part per
million (ppm) higher than ambient concentrations. The authors indicated that the pike
appeared to be attracted to the combination of the flow and the increased DO. The
traps used to catch pike at these locations were most effective when DO in the lake
was very low (1 ppm).

Most laboratory and field experiments using salmonids and other fish have been
conducted to evaluate hypotheses regarding behavioral avoidance of suboptimal
environmental conditions, rather than attraction to optimal or supra-optimal
conditions. The avoidance was generally determined by presenting fish with two
choices of DO, hypoxic and normoxic. As such, results of these studies cannot
directly infer behavioral attraction to optimum or supra-optimal conditions.

In studies conducted by Whitmore et al. (1960), salmonid and centrarchid fishes were
placed in an experimental enclosure that allowed them access to four channels, two
control channels fed with aerated water (approximately 8 mg/l), and two channels
that were fed with waters with reduced oxygen content. When exposed to waters
with dissolved oxygen concentrations of 1.5, 3.5, 4.5 and 6.0 mg/I, juvenile Chinook
salmon avoided waters with dissolved oxygen concentrations less than 4.5 mg/| at
summer temperatures. During experiments with cooler water, Chinook salmon
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demonstrated little avoidance of 4.5 mg/l water. Responses of coho salmon to these
conditions were less pronounced.

In studies conducted by Burleson et al. (2001) and Spoor (1990), fish were presented
with a gradient of DO conditions from which to choose to occupy. These studies
evaluated DO preferences of largemouth bass (Micropterus salmoides) and brook
trout (Salvelinus fontinalis) respectively. These experiments in oxygen gradients have
demonstrated that these species avoid water with oxygen saturation below a certain
level, whereas they show no apparent oxygen level preference above that limit. That
implies that once fish attain a location where the DO meets their metabolic demands,
there is no impetus (from a DO perspective) to seek more oxygen rich environments.
Thus, it would be expected that salmon and steelhead in the DWSC would seek areas
of optimal DO conditions, not areas with the highest DO concentrations.

5.1.5. Could a juvenile salmonid locate to and maintain itself in
an area of supersaturated oxygen?

The water expelled from the diffuser ports initially creates isolated areas with steep
DO gradients. During the initial mixing phase the velocity of the water exiting the
ports is estimated to be 3.2 feet per second or greater. As the water exits the ports, it
entrains the surrounding water, rapidly diluting the DO. The velocity of water
flowing past the diffuser is variable depending on river stage, diversions and tides.
The EPA CORMIX 1 model was used to evaluate initial dilution from each port of
the diffuser. CORMIX 1 calculates the dilution experienced at each port based on
outflow characteristics, port size and orientation and receiving water conditions such
as flow velocity, temperature, salinity, etc. Modeling of dilution from the ports was
conducted for two river velocities (0.5 and 0.25 feet per second), which represent
mean and low flow velocities. The CORMIX 1 model estimated that the water
exiting the jets at 3.2 feet per second would attain a 10:1 dilution within 4.8 feet of
the diffuser at a river velocity of 0.5 feet per second and within 9.4 feet at a flow
velocity of 0.25 feet per second. Thus, at these river velocities, the DO concentration
in the plumes would be reduced from 43-66 mg/I at the diffuser to 4.3-6.6 mg/I
within 4.8 and 9.4 feet from the diffuser respectively. The width of the plume at 4.8
feet from the diffuser is estimated to be 2.1 feet. The volume of water contained in
the portion of each plume that is at less than a 10:1 dilution will be approximately 7.2
cubic feet. Consequently, the volume of water in all plumes that is less than 10:1
would be 574 cubic feet (7.2 x 80 feet). For the 0.25 foot per second river flow
scenario, the volume in a plume at less than 10:1dilution would be 40.8 cubic feet for
each plume, or 3,264 cubic feet for all plumes. To put this in perspective, the volume
of the DWSC along the 200-foot diffuser is 3,000,000 cubic feet (200 x 600 x 25
feet). Thus the volume occupied by the area of the 80 plumes with less than 10:1
dilution would be 0.02% of the volume of the 200-foot section of the channel in the
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immediate vicinity of the diffuser under the 0.5—foot per second river velocity
scenario, and 0.11% under the 0.25-foot per second scenario.

In order for a juvenile salmon or steelhead to be exposed to oxygen supersaturated
water, it would have to actively sound to the 12.5 foot depth of the diffuser, become
entrained in one of the plumes, then maintain its position in the plume. If the fish was
entrained and could not maintain its position, it would be swept out of the DO
supersaturated portion of a plume in less than two seconds (assuming the 3.2—foot per
second plume velocity).

Many studies have been conducted to determine the swimming performance of
juvenile salmon and steelhead. In order to be exposed to the DO supersaturated
initially present in the jets exiting the ports of the diffuser, a fish would have to
maintain a swimming speed equal to the velocity of the water exiting the port (greater
than 3.2 feet per second).

Literature values for swimming performance of juvenile salmon and steelhead
indicate that they could not sustain position in velocities generated in the initial 5 feet
from the diffuser port at the expected jet velocity (3.2 feet per second). Davis et al.
(1963) measured swimming performance of juvenile coho and Chinook salmon to
evaluate the effect of DO and temperature (water velocity was incrementally
increased until the fish failed to maintain itself in the current). Based on their
analyses, the fastest current speeds that coho and Chinook salmon could maintain
under the various temperature and DO concentrations used was 1.8 feet per second
for underyearling coho salmon (67-90 mm fork length [FL]), 2.4 feet per second for
yearling coho salmon (112-144 mm FL) and 2.2 feet per second for underyearling
Chinook salmon (51-76 mm FL). Hawkins and Quinn (1996) determined that the
critical swimming velocity of juvenile steelhead was 7.9 body lengths per second (2.6
feet per second for a 100 mm FL fish).

Based on the swimming performance of juvenile salmon and steelhead it is highly
unlikely that fish could maintain themselves within 5 feet (1.47 m) of the diffuser
ports in DO saturated water.

5.1.6. What are the potential effects of exposure to waters with
supersaturated oxygen levels?

Supersaturation of water with oxygen is a relatively common practice in intensive
salmon culture (high density) and when salmonids are being transferred for
outplanting. Salmonids can survive very high oxygen content in waters. In some of
the earliest experiments to evaluate the effects of oxygen supersaturation to fish,
Wiebe and Mcgavock (1932) were unable to induce gas bubble disease or popeye
during a 20-day exposure of water with DO concentrations 328% of saturation.
Although a few of the smaller fish (40-50 mm) died during the prolonged exposure,
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most survived after return to normoxic water conditions (no physiological measures
were taken during this study).

Later studies have been conducted to evaluate the effects of oxygen supersaturated
(hyperoxic) waters on salmon and other fish. Most of the literature focuses on the
potential effects of use of high concentrations of oxygen during intensive rearing or
transport of hatchery fish (Ritola et al. 1999; Brauner et al. 2000; Person-Le Ruyet et
al. 2002). Others have exposed fish to hyperoxic conditions to study the mechanisms
of acid-base and ionoregulation (Hobe et al. 1984; Seidelin et al. 2001) and oxidative
stress (Ritola et al. 2002; Liepelt et al. 1995). As detailed below, exposure to oxygen
supersaturated water does not appear to have long lasting or significant effects to
fish, but can result in impairment of hypoosmoregulatory ability in smolts if they are
exposed directly to 100% saltwater. There are physiological adaptations to high
oxygen conditions, which appear reversible once the fish is moved (or moves) from
hyperoxic to normoxic water conditions before exposure to saltwater.

Short-term physiological responses of fish to exposure to hyperoxic conditions
include decreased ventilation. This hypoventilation induces respiratory acidosis
(decrease in blood pH because CO, can not be effectively expelled), which is
compensated for within 72 hours by changes in ion exchange through the gills
through a reduction in plasma CI, resulting in a net acid excretion (Wood 1991;
Brauner et al. 2000). When returned to normoxic water conditions, an even more
rapid metabolic alkalosis is induced (within about 4 hours) through ion and acid-base
exchanges through the gills, bringing blood pH back to its normal range.

Ritola et al. (1999) exposed one summer old rainbow trout to multiple stressors by
transporting them in moderate oxygen supersaturated waters (120% and 140% O,)
for 3 hours where they also experienced density and handing stress. Following this
treatment, trout were transferred to normoxic water (100%) and the recovery of the
fish was observed for 22 days. As expected, the exposed fish showed temporary
increases in plasma cortisol, but did not have elevated liver glutathione
concentrations. They found that, even with the multiple stressors, there were no
negative effects of the exposure to growth, feed conversion, or blood hematology as
measured over the 22-day period.

Brauner et al. (2000) evaluated the effect of exposure of juvenile Atlantic salmon
(pre-smolts, smolts and post-smolts) to hyperoxic (100% O,) and hypercapnic (high
CO,) waters then exposed them to a salt water challenge to determine if these
conditions affect ion exchange that could affect the survival or success of smolts that
were transferred directly from the hatchery to salt water. Although not directly
applicable to fish potentially exposed to hyperoxic conditions (because they are days
from seawater and gradually transition through brackish conditions), these studies do
provide additional information on the effect of hyperoxic waters on salmon. After a
96-hour exposure to 100% O, saturated water, the pre-smolts, smolts and post-smolts
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compensated for the respiratory acidosis through ion exchange within 24 hours.
There were no mortalities in fresh water during the exposure. When the fish were
transferred to 100% saltwater following hyperoxic exposure, there were mortalities of
smolts (8% of fish exposed to 24 hour and 50% of smolts exposed to 96 hour
hyperoxic conditionst), but not pre-smolts or post-smolts. In smolts the exposure
seemed to impair gill function, possibly through the disrupted gill function or
oxidative cell damage, which resulted in a reduction in hypoosmoregulatory ability
when smolts were challenged with 100% seawater (35 parts per trillion [ppt]). The
authors suggested that a recovery period in normoxic waters may help reduce stress
and mortalities as smolts move into salt water. In the DWSC, fish would be exposed
to normoxic conditions when the aerators are operating, and as they migrate
downstream to saltwater, thus recovery from any oxidative stress would be expected
before entry into saltwater.

Person-Le Ruyet et al. (2002) evaluated the effects of long-term rearing (30 days) in
hyperoxic water conditions (147 and 223% saturation) to turbot metabolism and
growth. The study found that there were no significant differences in food intake,
growth, food conversion or protein utilization compared to control fish reared in
normoxic waters. There were changes in acid-base balance in response to the
respiratory acidosis, which was compensated for within 24 hours. There were no
differences in haematocrit, haemoglobin or red blood cell counts and no signs of
stress (plasma cortisol) in turbot exposed to long-term hyperoxic rearing conditions.
Further, there were no mortalities during the 30-day trial.

Ritola et al. (2002) describes oxidative stress in fish very succinctly:

“An adequate ambient oxygen concentration is vital to fish, but the extreme oxygen conditions
in hypoxia or hyperoxia may provoke detrimental damages in tissue lipids, proteins and DNA
(Liepelt et al. 1995). Damages are caused by reactive oxygen species (ROS), which can be
formed as side products in the partial reduction of oxygen into energy and water. Reactive
oxygen species, such as the superoxide radical (O»-), hydrogen peroxide (H>0) and hydroxyl
radical (OH/A), can cause oxidative stress in fish if the cellular antioxidant defense system is
overwhelmed by pro-oxidant forces. Fortunately, aquatic organisms are protected against ROS
by antioxidant enzymes and low molecular weight scavengers (Winston and Di Giulio 1991).
One of the most important cellular scavengers is glutathione, a tripeptide involved in free
radical scavenging, detoxication of electrophiles and maintenance of redox milieu for other
antioxidants (Meister and Anderson 1983). Reduced glutathione (GSH) can react with H,O, or
organic hydroperoxides (ROOH) in the presence of glutathione peroxide (GPX, EC 1.11.1.9)
and form oxidised glutathione (GSSG). GSSG is reduced back to GSH in a reaction catalysed
by glutathione reductase (GR, EC 1.6.4.2). The elevated level of GSSG is regarded as an
indicator of oxidative stress (Sen et al. 1992), while the increase of GSH concentration
corresponds to an increased ability of a tissue to defend itself against oxyradicals (Hasspieler
etal. 1994).”

In order to evaluate effects of hyperoxia on oxidative stress in fish, Ritola et al.
(2002) exposed one summer old rainbow trout to continuous (14-day) and episodic

1]t should be noted that there was also a 17% mortality in the control group for the 96 hour exposure
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hyperoxia (173%) to Episodic hyperoxic treatments consisted of alternating
hyperoxic (HYP)-normoxic (NOR) exposures for 12 hr HYP -12 hr NOR, 24 hr HYP
-24 hr NOR and 48 hr HYP -24 hr NOR for the 14-day period. No mortalities
occurred in any of the continuous or episodic treatments. The studies indicated that
rainbow trout can adapt quickly to different environmental oxygen tensions. Liver
concentrations of oxidized glutathione (GSSG) indicated that none of the continuous
or episodic treatments resulted in oxidative stress. However, in the 12-12 exposure
cycle treatments, hepatic glutathione (GSH) increased reflecting the ability of the
tissue to resist oxidative stress. The study concluded that continuous and episodic
exposure of rainbow trout would not adversely affect rainbow trout (cause oxidative
stress) as long as there is a 24-hour period to recover in normoxic conditions before
being exposed to another 12- or 24-hour exposure to hyperoxic conditions. In the 12-
12 exposure treatment, the authors concluded that the fish demonstrated a
physiological response to increase the oxygen carrying capacity of the blood and
elevate GSH in the liver to protect against oxyradicals.

5.1.7. Is there a potential for the formation of reactive oxygen
species, and if so, could exposure to reactive oxygen
species affect salmonids?

The term ROS refers to oxygen free radicals, partially reduced intermediates of the 4
electron reduction of oxygen to water: Superoxide anions (O,) and hydroxyl radicals
(OH), as well as the non-radical active species, such as hydrogen peroxide (H,0,).

If these noxious oxygen derivatives are not controlled by antioxidant defense
systems, oxidative stress occurs. Oxidative stress is a state of unbalanced tissue
oxidation, involving enhanced intra- and extra cellular ROS production, peroxidation
of lipids, proteins, and DNA, and often causes a general disturbance of the cellular
redox balance, i.e., the ratio of reduced to oxidized glutathione (GSH/GSSG) and the
NADH and NAD ratio. Oxidative stress has been related to many pathophysiological
states, e.g. ischemia-reperfusion injury, hyperoxia, but also to hypoxia, iron overload
and intoxication (Abel and Puntarulo 2004).

The operation of the Project (i.e., withdrawal of San Joaquin River water and
injection of pure O, and then discharging that water into the DWSC with a multi-port
diffuser) may result in higher concentrations of oxidizing intermediate species during
the reduction of oxygen to water. A thermodynamic (equilibrium) analysis and redox
potential investigation was performed to evaluate whether elevated DO
concentrations generated during Project operation will yield oxidizing species at
concentrations deleterious to aquatic life in the DWSC. This issue was evaluated
indirectly as toxicity data associated with the elevated DO concentrations was not
available (Litton and Litton 2005).
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Equilibrium calculations indicated that the redox potential would increase about 12
millivolts (mV) when dissolved oxygen concentrations were elevated from 8 to 50
mg/I. This change is small when compared to the sensitivity of the redox potential to
pH. The theoretical electron potential changes 59mV for every pH unit. Therefore, an
increase of 12mV in the redox potential is associated with a pH decrease of about 0.2
units (Litton and Litton 2005).

Equilibrium calculations were also used to estimate whether oxidizing intermediate
(i.e., superoxide anion, hydrogen peroxide, and hydroxyl radical) concentrations
would increase at elevated DO concentrations. These analyses suggested that
superoxide anion concentrations could increase 5 times at DO concentrations of 50
mg/l; however, natural processes in the DWSC that influence pH yield variations in
superoxide concentrations that range over two orders of magnitude. Hydrogen
peroxide concentrations may increase 2.5 times at elevated DO levels. Sunlit waters
contain steady-state peroxide concentrations that are many orders of magnitude
greater than equilibrium concentrations. Thus, the potential increase in hydrogen
peroxide associated with oxygenation, may be insignificant when compared to
concentrations naturally occurring in the euphotic zone. Lastly, equilibrium
calculations indicate that the hydroxyl radical concentration would increase 50% for
a six-fold increase in the DO concentration (Litton and Litton 2005).

The analysis provided with equilibrium calculations provides insight, but is limited
because surface waters are usually not at redox equilibrium. Therefore, the
assessment of whether a harmfully oxidizing environment would exist in water with
high DO concentrations was also performed with redox potential measurements
(oxidation-reduction potential [ORP]). The ORP was measured in San Joaquin River
water while oxygen concentrations were increased from approximately 8 mg/L to
levels as high as 68 mg/L. Pressure, temperature, salinity (electrical conductivity),
and pH effects were experimentally evaluated. The ORP of the San Joaquin River
before oxygenation ranged from 110 to 170mV. The highest ORP recorded after
oxygenation was less than 240mV. The change in the ORP ranged during
oxygenation with pure O, ranged from +27 to +53mV. Toxicity literature for
oxidants stronger than O,, have yielded suggestions that a water quality criteria for
the ORP be established at 350 mV (L.itton and Litton 2005).

Continuous ORP monitoring of the oxygenated water prior to mixing with the San
Joaquin River could be implemented to prevent harmful effects during operation of
the Project (Litton and Litton 2005).

The highly oxygenated water generated by the Project will be injected into the
DWSC with a multi-port diffuser. In the absence of direct toxicity data, these results
suggest that elevated concentrations of DO will not be harmful to aquatic life at the
diffuser nozzle port. Dispersion of the highly oxygenated water will occur rapidly in
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the DWSC, a process that will rapidly reduce the concentration of DO and
concentrations of oxidizing intermediates (Litton and Litton 2005).

Other studies that have looked at the use of similar oxygenation systems did not
indicate any concern related to the potential formation of ROS and the effects of ROS
to aquatic biota.

Beutel (2005), found that using oxygenation systems to increase the DO levels in the
hypolimnion of lakes preserved the thermal stratification of the lakes, greatly
expanded suitable trout habitat, increased benthos diversity, eliminated the
production of toxic sulfide in bottom waters and at a Chinook salmon and steelhead
hatchery, which draws water from the hypolimnion, no problems with fish mortality
have been reported since system startup.

Dwyer et al. (1991), found that for aquaculture using sealed columns to inject pure
oxygen into water were effective at removing nitrogen, increasing oxygen, or both.

5.1.8. Is there a potential for combined gas pressure to affect
juvenile salmonids (gas bubble disease)?

Supersaturated water conditions can cause Gas Bubble Disease (GBD) in fish
through the formation of excessive bubbles in tissues and body fluids, which then
cause potentially lethal vascular and cardiac blockage or hemorrhaging. Bubbles
form when the tissues and fluids of fish become saturated or supersaturated after
exposure to supersaturated water conditions and the pressure of dissolved gases in
fish tissue exceeds the sum of barometric and hydrostatic pressures (Johnson et al.
2005).

Using pure oxygen to increase DO levels within the DWSC, as opposed to air, will
avoid the introduction of nitrogen gas into the water. Nitrogen supersaturation can
cause GBD in fish, which can be fatal. As oxygen gas is diffused into the DWSC, the
water near the diffuser may become supersaturated with oxygen. However it is
expected that supersaturation may only occur near the diffuser and that, as oxygen is
dissolved and dispersed in the channel, the percentage oxygen saturation will not be
high enough to harm fish. Several aquaculture facilities use similar aeration
techniques and have not observed any harmful effects on fish (de Koning pers comm.
2004)

The operation of the Project is anticipated to increase DO levels within the DWSC by
approximately 1 mg/l, from 5mg/l to 6 mg/l. The operation of the Project will
increase DO levels by withdrawing water from the DWSC and injecting it with pure
oxygen to elevate the DO concentration to approximately 46 mg/l before releasing
the water back into the DWSC via the multi-port diffuser.

The oxygenated water will be discharged back to the DWSC at a depth of
approximately 12.5 feet through the diffuser, providing sufficient mixing with the San
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Joaquin River to yield DO levels below atmospheric saturation concentrations
(approximately 10 mg/I) (Litton and Litton 2005).

Increasing DO levels to a point below atmospheric saturation concentrations reduces
the potential for harmful effects to fish from hyperoxia. Hyperoxia is caused by
breathing gas at pressures greater than normal atmospheric pressure or by breathing
oxygen-rich gases at normal atmospheric pressure for a prolonged period of time.
The potential for the operation of the Project to create supersaturation of the water is
negligable due to the timing of Project operations. The Project will typically operate
during periods when water temperatures are high and DO concentrations are low.

5.1.9. What monitoring will be conducted during the Operation
of the Project?

Monitoring during Project operations and will include grab samples, vertical profiles,
longitudinal boat profiles and continuous monitoring to evaluate the water quality of
the DWSC and the inflowing water quality of the San Joaquin River upstream of the
DWSC. The measured parameters will include DO, temperature, pH, and oxygen-
depleting substances [e.g. 5-day biochemical oxygen demand (BOD), volatile
suspended solids (VSS) chlorophyll a (Chla), and ammonia-N]. This water quality
data will be used to calculate loads into the DWSC from the San Joaquin River and to
evaluate the effectiveness of the Project. The USGS Stockton (Garwood Bridge) tidal
flow measurements (daily average) will be used in the load calculations. Refer to
Appendix A for the Project monitoring plan.

5.1.10. What is the potential for beneficial effects to listed
salmonids?

DO is necessary for salmonid survival, growth and food conversion. Minimum and
optimal DO levels have been identified for various species. Rainbow trout have
survived in laboratory studies in water with DO concentrations less than 2 mg/l and
the survival threshold for Atlantic salmon smolts is approximately 3.3 mg/I, but
growth rate and food conversion efficiency are probably limited by concentrations
less than 5 mg/l (Meehan 1991).

In the San Joaquin River, migrating adult Chinook salmon exhibited an avoidance
response when DO levels were below 4.2 mg/l, and most Chinook salmon waited to
migrate until DO levels were at 5 mg/l or greater (Carter 2005). Davis (1975, in
Carter 2005) reviewed numerous studies and found no impairment to rearing
salmonids if DO concentrations averaged 9 mg/l, while at DO levels of 6.5 mg/l “the
average member of the community will exhibit symptoms of oxygen distress,” and at
4 mg/l a large portion of salmonids may be affected. Field and laboratory studies
have found that avoidance reactions in juvenile salmonids consistently occur at
concentrations of 5 mg/l and lower, and there is some indication that avoidance is
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triggered at concentrations as high as 6 mg/l. Therefore, when DO achieves these
levels it may create a partial barrier to fish movement and affect habitat selection

(WDOE 2002, in Carter 2005).

EPA has established the effects of DO conc
than embryonic and larval (U.S. Environme
indicated in Table 5-1 below.

entrations on salmonid life stages, other
ntal Protection Agency 1986), as

Table 5-1. Dissolved Oxygen Concentrations and Their Effects on Salmonid Life

Stages Other Than Embryonic and Larval

Level of Effect Water Column DO (mg/l)
No Production Impairment 8
Slight Production Impairment 6
Moderate Production Impairment 5
Severe Production Impairment 4
Limit to Avoid Acute Mortality 3

Source: EPA 1986

Increasing the DO concentration from an anticipated 5 mg/l to 6 mg/I during the
summer months will improve conditions within the DWSC for juvenile Chinook
salmon and steelhead that may occur there during their outmigration.

A similar aeration facility was installed in Camanche Reservoir, located in the
Mokelumne River in northern California. The East Bay Municipal Utility District
operates a fish hatchery that rears Chinook salmon and steelhead just downstream of
the reservoir. The hatchery experienced a fish kill in the late 1980s, and although
water quality data from the time is limited, managers believe that hypolimnetic
anoxia resulted in an accumulation of hydrogen sulfide and ammonia in water
delivered from the bottom of the reservoir to the hatchery, and that these toxic
compounds caused the fish kill (Beutel 2005).

In 1993 a submerged contact chamber oxygenation system was installed to improve
the quality of water delivered to the hatchery. The oxygenation system injects oxygen
gas into water drawn from the hypolimnetic zone and discharges the oxygenated
water back into the hypolimnetic zone. The system delivers eight tons of oxygen per
day to the reservoir. Data collected over the past decade shows that the system has
eliminated the production of toxic sulfide in bottom waters, and no problems with
fish mortality have been reported at the hatchery since the system was put into
operation (Beutel 2005).

In fact, oxygenation has had a dramatic effect on water quality in Camanche
Reservoir. Fall hypolimnetic orthophosphate levels dropped from 200 pg-P/L prior to
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treatment to less than 50 pg-P/L after oxygenation. Summertime accumulation rates
of phosphate in the hypolimnion dropped from 4 to 5 mg-P/m?/d to less than 0.7 mg-
P/m?/d. Fall hypolimnetic ammonia dropped from 1,000 to 1,700 pg-N/L to less than
200 pg-N/L. This is equivalent to a drop in the rate of ammonia accumulation from
25 to 30 mg-N/ m%/d to less than 4 mg-N/ m?/d, with no concurrent increase in the
rate of nitrate accumulation. Since oxygenation was implemented, peak Chla has
dropped from 40 to 50 pg/L to less than 10 pg/L, and average summer Secchi disk
has increased from 1.5 to 5 m (Beutel 2005).

5.1.11. Summary of the Potential Effects of the Action

The potential for effects to fish from supersaturated oxygen discharged from the
Project are relatively low for a variety of reasons identified above.

Sacramento winter-run Chinook salmon, Central Valley spring-run Chinook salmon,
and green sturgeon are very unlikely to occur in the vicinity of the project because
these fish spawn and rear in the Sacramento River, and will likely only occur in the
lower San Joaquin River if there were some kind of attractant flow emanating from
the San Joaquin River. The likelihood of them traveling upriver 38 miles to the
project site is very small.

The presence of juvenile Central Valley steelhead is likely; depending on the date
operation of the Project is initiated each year. Juvenile steelhead are expected to
occur in low numbers following the peak of the outmigration and during the bulk of
the period of Project operations.

Juvenile salmonids present in the DWSC are not be expected to actively seek the
highest oxygen concentrations. As indicated in studies outlined above, fish are
expected to occupy intermediate oxygen concentrations as long as it meets their
metabolic needs. Because the diffuser is expected to completely mix DO through
with width and length of the channel to concentrations appropriate for migrating
smolts, juvenile salmonids are not be expected to “need” to seek more oxygen rich
environments.

Juvenile salmonids could not maintain themselves within the plumes exiting the ports
where supersaturated oxygen will occur because their critical swim speeds are less
than the velocities of the jets in the area of supersaturation. If a juvenile salmon were
to somehow swim into a hyperoxic plume, the flow will eject the fish from the area
with hyperoxic water within a second or two, to areas with highly mixed waters.

Use of oxygen injection into water is relatively common in intensive salmonid
aquaculture operations. Juvenile salmonids exposed to hyperoxic waters and allowed
to return to normoxic fresh water have not, with the exception of one 20-day
exposure with extremely high saturation (328%), shown any mortality or long-term
ill effect. During exposure there are changes in ion and acid-base exchange to adapt
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to higher CO; in the blood, and antioxidant reactions to defend against damage at the
cellular level due to oxidative stress (the effect of ROS). All physiologic affects
appear reversible if the fish is allowed 24 hours before another longer-term (12 hour
or greater) exposure to hyperoxic water or before it enters saltwater.

The longer-term effects of the Project will be beneficial for those fish present in the
DWSC during project operations. The Project is expected to increase the DO
concentrations throughout the DWSC to levels considered safe for salmonids during
the spring and summer months.

5.2. Indirect Effects

The operation of the Project will not result in increased shipping traffic or other
changes in the existing use or frequency of human related activities within the
DWSC. The Project will not result in any additional development within the project
action area or changes in current land use patterns.

The Project will however improve DO concentrations within the DWSC, however
any changes in water quality are anticipated to be an improvement over existing
conditions and thus beneficial to fish and other aquatic biota within the DWSC.

5.3. Effects of Interdependent and Interrelated
Actions

A 2-year study will be performed during the operation of the facility to determine the
actual impact from Project operations to species listed as either threatened or
endangered under the ESA. The 2-year study will include monitoring to determine
the effects of high DO concentrations from the diffuser (i.e., DO of 40 to 60 mg/l) on
fish physiology will be examined in a special study conducted near the diffuser
during the first summer of operation. Near-field measurements of DO, pH, and
oxidation-reduction potential (ORP) will be made to determine the potential for
physiological effects on sensitive fish species. Direct exposure of fish (caged) to the
diffuser plume for a specified period of time will be used to compare physiological
indicators for exposed and controlled fish.

The monitoring plan will require the use of a small power boat to perform lateral and
longitudinal surveys with a multi-parameter monitoring probe. The boat surveys will
be performed weekly during the period of operation, between RM 36 and the turning
basin (upstream of Rough & Ready Island). Morning and afternoon tows will be
made to characterize the diurnal changes at the surface and at mid-depths.

Four new continuous (15-minute) monitoring stations have been installed as well, to
monitor DO. Two stations are located upstream of the diffuser and two are located
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downstream. These stations have been installed to existing navigation light pilings or
platform.

These actions are not anticipated to have any measurable affect to fish due to the
extent of human activity that currently occurs in the DWSC and the level of
disturbance. Additionally, these activities will occur during the period of operation of
the Project, when most federally protected fish species are anticipated to be out of the
system.

No other interdependent or interrelated actions have been identified.

5.4. Effects from Ongoing Project Activities

The effects from other ongoing project activities, as described in Section 2.5 could
impact federally protected species. The dredging operations described earlier have
gone through formal consultation, determined to potentially have an adverse effect to
federally protected species.

The ownership and operational responsibility of another aeration project located
within the DWSC recently transferred from the Corps to the Port of Stockton, as
described previously in Section 2.5. The aerator can deliver approximately 2,500 Ibs.
per day of oxygen to the DWSC. The aerator was initially intended to elevate DO
concentrations within the DWSC during the fall upstream migration of adult Chinook
salmon (September through November), and would operate whenever DO
concentrations fell below 6 mg/l during this time period. The Port of Stockton has
proposed operating the aerator outside the September 1 through November 30 period
to fulfill a separate mitigation measure associated with dredging actions at the West
Complex and as a participant in the San Joaquin River DO TMDL.

Salmonids may be able to survive when DO concentrations are relatively low (<5
mg/l), but growth, food conversion efficiency, and swimming performance will be
negatively impacted (Meehan 1991). This ongoing action will help to maintain DO
concentrations at a level where initial symptoms of distress typically occur (6 mg/l),
and will help maintain DO concentrations at this level.

5.5. Description of How the Environmental Baseline
Will Be Affected

Project operations will increase the DO concentrations within the DWSC to achieve
the objective DO concentrations established by the RWQCB, thereby improving
water quality conditions.

The operation of the Project will not affect other elements of the environmental
baseline within the DWSC.
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5.6. Description of How Critical Habitat Will Be
Affected

Designated Critical Habitat for salmonids identifies the PCEs required for recovery.
The PCEs for Central Valley Steelhead critical habitat within the action area include:
freshwater rearing habitat, freshwater migration corridors, and estuarine areas,
containing adequate substrate, water quality, water quantity, water temperature, water
velocity, cover/shelter, food; riparian vegetation, space, and safe passage conditions.

The Project operation will not impact substrate, water quantity, water temperature,
water velocity, cover/shelter, riparian vegetation, or space.

The operation of the Project will affect water quality by increasing DO
concentrations within the DWSC to ensure the DO concentration does not go below
the objective established by the RWQCB, which if DO did fall below the objective
could be harmful to steelhead.

By providing adequate DO concentrations within the DWSC the Project will also
affect passage conditions, improving passage conditions through the DWSC.
Currently juvenile steelhead may encounter less than optimal DO concentrations
during their outmigration. Project operations will decrease the potential that juvenile
steelhead will encounter less than optimal DO concentrations during their
outmigration.

5.7. Use of Best Scientific and Commercially
Available Data

Litton and Litton (2005) evaluated the potential for the formation of strongly
oxidizing chemical species in water saturated with pure oxygen gas. This evaluation
was performed in response to concerns raised in relation to the operation of this
Project and was performed with a thermodynamic (chemical equilibrium) analysis
and direct measurements of the ORP of San Joaquin River Water during oxygenation.

Other research related to oxygenation is referenced within the document and
scientists who have conducted research related to oxygenation systems were
contacted and interviewed (citations provided in the text).

The 2-year monitoring effort associated with Project operations will increase the
scientific data available specific to this Project and identify specific impacts and
benefits associated with Project operations. The monitoring will further indicate
whether continued operation of the Project is warranted.
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5.8. Effect Determinations for Listed Species and
Designated Critical Habitat

5.8.1. Sacramento River Winter-Run Chinook Salmon: May
Affect, Not Likely to Adversely Affect

The information and analysis presented in this BA was the basis of the finding that
the operation of the Project warrants an effect determination of May Affect, Not
Likely to Adversely Affect for Chinook salmon of the Sacramento River winter-run
ESU.

A determination of May Affect is warranted based on the following rationale:

= Chinook salmon are documented in the San Joaquin River and may occur
within the project action area, but are relatively uncommon.

= The Project will operate (typically early May through mid-October) during
the tail-end of the juvenile Chinook salmon outmigration period (which
typically occurs January through May).

= The Project will affect water quality within the San Joaquin River and will
modify habitat conditions for Chinook salmon within the project action area.

A determination of Not Likely to Adversely Affect is warranted based on the
following rationale:

= Juvenile salmonids typically occur in the uppermost 3 m (10 feet) of the
water column and aren’t expected to occur at the depths where the diffuser is
located (12.5 feet).

= Research related to DO concentrations has typically compared normoxic and
hypoxic conditions, rather than hyperoxic and hypoxic conditions. Fish tend
to remain in water with optimal DO concentrations, rather than seeking out
and/or remaining in areas with supraoptimal conditions. Therefore, fish are
not expected to seek out the diffuser or areas of significantly elevated DO
concentrations, but are expected to seek out areas with suitable DO
concentrations.

= Juvenile salmonids could not maintain position within the supersaturated
water discharged from the diffuser, and thus will not be exposed to
supersatured water for any significant duration.

= Long-term exposure to hyperoxic conditions with a return to normoxic
conditions have not been shown to adversely affect salmonids. Juveniles in
the DWSC are migrating out of the system and unlikely to be exposed to
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hyperoxic conditions for a significant duration of time before returning to
normoxic conditions, and thus not likely to be adversely affected.

= The Project is not anticipated to cause the formation of ROS to a point that
could be harmful to aquatic life.

= Itis unlikely that the Project will result in Gas Bubble Disease or other
deleterious effects to fish due to the timing of project operations (May
through October) when water temperature is high and DO concentrations are
low.

= The Project will increase DO concentrations in the DWSC during the tail end
of the juvenile outmigration period, and will create conditions, with respect
to DO concentrations, that are more conducive to juvenile migrants.

Sacramento River Winter-Run Chinook Salmon Designated Critical
Habitat: No Effect

Critical habitat for the Sacramento River winter-run Chinook salmon has not been
designated within the project action area, therefore the operation of the Project will
have No Effect to designated critical habitat.

5.8.2. Central Valley Spring-Run Chinook Salmon: May Affect,
Not Likely to Adversely Affect

A determination of May Affect is warranted based on the following rationale:

= Chinook salmon are documented in the San Joaquin River and may occur
within the project action area, but are relatively uncommon.

= The Project will operate (typically early May through mid-October) during
the tail end of the juvenile Chinook salmon outmigration period (which
typically occurs January through May).

= The Project will affect water quality within the San Joaquin River and will
modify habitat conditions for Chinook salmon within the project action area.

A determination of Not Likely to Adversely Affect is warranted based on the
following rationale:

= Juvenile salmonids typically occur in the uppermost 3m (10 feet) of the water
column and aren’t expected to occur at the depths where the diffuser is
located (12.5 feet).

= Research related to DO concentrations has typically compared normoxic and
hypoxic conditions, rather than hyperoxic and hypoxic conditions. Fish tend
to remain in water with optimal DO concentrations, rather than seeking out
and/or remaining in areas with supraoptimal conditions. Therefore, fish are
not expected to seek out the diffuser or areas of significantly elevated DO
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concentrations, but are expected to seek out areas with suitable DO
concentrations.

= Juvenile salmonids could not maintain position within the supersaturated
water discharged from the diffuser, and thus will not be exposed to
supersatured water for any significant duration.

= Long-term exposure to hyperoxic conditions with a return to normoxic
conditions have not been shown to adversely affect salmonids. Juveniles in
the DWSC are migrating out of the system and unlikely to be exposed to
hyperoxic conditions for a significant duration of time before returning to
normoxic conditions, and thus not likely to be adversely affected.

= The Project is not anticipated to cause the formation of ROS to a point that
could be harmful to aquatic life.

= Itis unlikely that the Project will result in Gas Bubble Disease or other
deleterious effects to fish due to the timing of project operations (May
through October) when water temperature is high and DO concentrations are
low.

= The Project will increase DO concentrations in the DWSC during the tail end
of the juvenile outmigration period, and will create conditions, with respect
to DO concentrations, that are more conducive to juvenile migrants.

Central Valley Spring-Run Chinook Salmon Designated Critical
Habitat: No Effect

Critical habitat for the Central Valley spring-run Chinook salmon has not been
designated within the project action area, therefore the operation of the Project will
have No Effect to designated critical habitat.

5.8.3. Central Valley Steelhead: May Affect, Not Likely to
Adversely Affect

The information and analysis presented in this BA was the basis of the finding that
the operation of the Project warrants an effect determination of May Affect, Not
Likely to Adversely Affect for steelhead of the Central Valley DPS.

A determination of May Affect is warranted based on the following rationale:

= Steelhead are documented in the San Joaquin River and do occur within the
project action area.

= The Project will operate (typically early May through mid-October) during
the tail end of the juvenile steelhead outmigration period (typically January
through May).
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The Project will affect water quality within the San Joaquin River and will
modify habitat conditions for steelhead within the project action area.

A determination of Not Likely to Adversely Affect is warranted based on the
following rationale:

Juvenile salmonids typically occur in the uppermost 3m (10 feet) of the water
column and aren’t expected to occur at the depths where the diffuser is
located (12.5 feet).

Research related to DO concentrations has typically compared normoxic and
hypoxic conditions, rather than hyperoxic and hypoxic conditions. Fish tend
to remain in water with optimal DO concentrations, rather than seeking out
and/or remaining in areas with supraoptimal conditions. Therefore, fish are
not expected to seek out the diffuser or areas of significantly elevated DO
concentrations, but rather are expected to seek out areas with suitable DO
concentrations.

Juvenile salmonids could not maintain position within the supersaturated
water discharged from the diffuser, and thus will not be exposed to
supersatured water for any significant duration.

Long-term exposure to hyperoxic conditions with a return to normoxic
conditions have not been shown to adversely affect salmonids. Juveniles in
the DWSC are migrating out of the system and unlikely to be exposed to
hyperoxic conditions for any significant duration before returning to
normoxic conditions.

The Project is not anticipated to cause the formation of ROS to a point that
could be harmful to aquatic life.

It is unlikely that the Project will result in Gas Bubble Disease or other
deleterious effects to fish due to the timing of project operations (May
through October) when water temperature is high and DO concentrations are
low.

The Project will increase DO concentrations in the DWSC during the tail end
of the juvenile outmigration period, and will create conditions, with respect
to DO concentrations, that are more conducive to juvenile migrants.

Central Valley Steelhead Designated Critical Habitat: May Affect, Not
Likely to Adversely Affect

The information and analysis presented in this BE was the basis of the finding that
the operation of the Project warrants an effects determination of May Affect, Not

Likely to Adversely Affect, for designated critical habitat for steelhead of the
Central Valley DPS.
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A determination of May Affect is warranted based on the following rationale:

= Critical habitat has been designated within the project action area.

= The operation of the Project will involve modification of aquatic habitat (i.e.,
increased DO concentrations/improved water quality).

A determination of Not Likely to Adversely Affect is warranted based on the
following rationale:

=  Project operations will modify designated critical habitat but will improve
habitat conditions toward a functional condition necessary to meet the
conservation needs for steelhead.

= The operation of the Project will not destroy or adversely modify critical
habitat because while Project operations will affect water quality the effect
will be an improvement over the existing condition and will not degrade the
PCEs of freshwater rearing, migration, or spawning and will not impair the
conservation value of designated critical habitat within the project action
area.

5.8.4. Southern Green Sturgeon: No Effect

The information and analysis presented in this BA was the basis of the finding that
the operation of the Project warrants an effect determination of No Effect for Green
Sturgeon of the Southern DPS.

A determination of No Effect is warranted based on the following rationale:

= Green Sturgeon have not been documented in the San Joaquin River and are
not known nor expected to occur within the project action area.

Southern Green Sturgeon Designated Critical Habitat: No Effect

Critical habitat has been neither designated nor proposed for the Green Sturgeon
Southern DPS. Therefore the operation of the Project will have No Effect to critical
habitat for this DPS.

5.9. Summary

The research related to oxygenation systems in general, as well as the research
related specifically to this project do not indicate any adverse effect to fish or other
aquatic life. The 2-year monitoring study mentioned previously in this BA will
provide specific information of how Project operations will impact fish and other
aquatic biota.
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Chapter 6. Cumulative Effects

For purposes of the ESA, cumulative effects are defined as the effects of future State
or private activities, not involving Federal activities, that are reasonably certain to
occur within the action area of the Federal action subject to consultation (50 CFR
8402.02). Future Federal actions that are unrelated to the proposed action are not
considered in this section because they require separate consultations pursuant to
section 7 of the ESA (National Marine Fisheries Service 2006).

Non-Federal actions that may affect the action area include ongoing agricultural
activities and increased urbanization. Agricultural practices in the Delta may
adversely affect riparian and wetland habitats through upland modifications of the
watershed that lead to increased siltation or reductions in water flow in stream
channels flowing into the Delta. Unscreened agricultural diversions throughout the
Delta entrain fish including juvenile salmonids. Grazing activities from dairy and
cattle operations can degrade or reduce suitable critical habitat for listed salmonids
by increasing erosion and sedimentation as well as introducing nitrogen, ammonia,
76 and other nutrients into the watershed, which then flow into the receiving waters
of the Delta. Stormwater and irrigation discharges related to both agricultural and
urban activities contain numerous pesticides and herbicides that may adversely affect
salmonid reproductive success and survival rates (Dubrovsky et al. 1998, 2000;
Daughton 2003; NMFS 2006).

The Delta and East Bay regions, which include portions of Contra Costa, Alameda,
Sacramento, San Joaquin, Solano, Stanislaus and Yolo counties, are expected to
increase in population by nearly 3 million people by the year 2020 (California
Commercial, Industrial and Residential Real Estate Services Directory 2002).
Increases in urbanization and housing developments can impact habitat by altering
watershed characteristics, and changing both water use and stormwater runoff
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patterns. The project site is within the region controlled by San Joaquin County
Council of Governments. The General Plans for the City of Stockton and surrounding
communities anticipate rapid growth for several decades to come. The anticipated
growth will occur along both the 1-5 and US-99 transit corridors (National Marine
Fisheries Service 2006).

Increased urbanization also is expected to result in increased wave action and
propeller wash in Delta waterways due to increased recreational boating activity.
This potentially will degrade riparian and wetland habitat by eroding channel banks
and mid-channel islands, thereby causing an increase in siltation and turbidity. Wakes
and propeller wash also churn up benthic sediments thereby potentially re-suspending
contaminated sediments and degrading areas of submerged vegetation. This in turn
would reduce habitat quality for the invertebrate forage base required for the survival
of juvenile salmonids. Increased recreational boat operation in the Delta is
anticipated to result in more contamination from the operation of engines on powered
craft entering the water bodies of the Delta (National Marine Fisheries Service 2006).
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Chapter 7. Essential Fish Habitat
Background

Public Law 104-297, the Sustainable Fisheries Act of 1996, amended the Magnuson-
Stevens Fishery Conservation and Management Act to establish new requirements
for essential fish habitat (EFH) descriptions in federal fishery management plans and
to require federal agencies to consult with NMFS on activities that may adversely
affect EFH.

The Magnuson-Stevens Act requires all fishery management councils to amend their
fishery management plans to describe and identify EFH for each managed fishery.
The Pacific Fishery Management Council (1999) has issued such an amendment in
the form of Amendment 14 to the Pacific Coast Salmon Plan, and this amendment
covers EFH for all fisheries under NMFS jurisdiction that would potentially be
affected by the Project. Specifically, these are the starry flounder, English sole and
Chinook salmon fisheries. EFH includes all streams, lakes, ponds, wetlands, and
other currently viable water bodies and most of the habitat historically accessible to
salmon. Activities occurring above impassable barriers that are likely to adversely
affect EFH below impassable barriers are subject to the consultation provisions of the
Magnuson-Stevens Act.

The Magnuson-Stevens Act requires consultation for all federal agency actions that
may adversely affect EFH. EFH consultation with NMFS is required by federal
agencies undertaking, permitting, or funding activities that may adversely affect
EFH, regardless of its location. Under Section 305(b)(4) of the Magnuson-Stevens
Act, NMFS is required to provide EFH conservation and enhancement
recommendations to federal and state agencies for actions that adversely affect EFH.
Wherever possible, NMFS utilizes existing interagency coordination processes to
fulfill EFH consultations with federal agencies. For the operation of the Project, this
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goal is being met by incorporating EFH consultation to the Section 7 consultation, as
represented by this BA.

7.1. Location

The location of activities covered by this assessment has been described in detail
earlier in this document (Chapter 2).

7.2. Project Description

The Project description has been described in detail earlier in this document (Chapter
2).

7.3. Occurrence of Essential Fish Habitat

Species from the groundfish, and Pacific salmon guilds may occur in the project
action area.

Designated EFH for these guilds is correlated with the life history stages that may
occur in the project action area, and summarized for groundfish (Table 7-1), and
salmonids (Table 7-2).

Table 7-1.  Ground Fish Species with Designated EFH and the Life
History Stages That May Occur in the Project Action Area

GROUND FISH Spawning/ . Eggs/
SPECIES Adults Mating Juvenile - Larvae - patirition
English Sole X X

Starry Flounder X X

Source: PFMC 1999

Table 7-2.  Pacific Salmon Species with Designated EFH and the Life History
Stages That May Occur in the Project Action Area

PACIFIC SALMON Egg Larvae Juvenile Adult Spawning

Chinook salmon X X

Source: PFMC 1999

7.4. Groundfish Essential Fish Habitat

Effects to the environmental baseline that would impact groundfish species are
discussed in detail in Chapters 5.
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7.5. Salmon Essential Fish Habitat

Effects to the environmental baseline that would impact salmonid species are
discussed in detail in Chapters 5.

7.6. Conclusions

In accordance with EFH requirements of the Magnuson-Stevens Fishery
Conservation and Management Act, the Corps has determined that the operation of
the Project will not adversely impact EFH utilized by groundfish or Pacific salmon.
This determination is based upon the nature of the operation of the Project, which
includes the use of oxygen to increase DO concentrations within the DWSC.

The operation of the Project will not modify or otherwise remove existing EFH for
either groundfish or Pacific salmon. It has been determined that the operation of the
Project will not permanently or temporarily have any adverse effect to EFH for
federally managed fisheries in California waters; however, it is anticipated that
operation of the Project will improve the environmental baseline by increasing the
DO concentrations in the DWSC.
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Demonstration Monitoring Plan for the Stockton
Deep Water Ship Channel Oxygenation Device

Introduction

An oxygenation device has been designed by DWR and will be constructed by
contractors to pump 50 cfs (with fish screens) from beneath the dock at the
western end of Rough & Ready Island dock, and add about 50 mg/I of dissolved
oxygen in a 200-foot deep U-tube injector device, and discharge the highly
oxygenated water from a diffuser located under the dock (15-foot depth) about
1,000 feet upstream (east) of the intake. This report describes the monitoring
approach that will be used to evaluate the effectiveness of the U-tube
oxygenation device for raising the low DO concentrations that have been
observed in the DWSC. The monitoring strategy includes:

m  measurement parameters for U-tube device operations,
m discrete sampling and continuous monitoring locations,

m lateral and longitudinal boat surveys of the DWSC with multi-parameter
monitoring probes,

m special studies to verify the potential effects of elevated DO concentrations
on fish near the diffuser and effects of the U-tube operations on the DWR
long-term monitoring station at Rough & Ready Island,

m  methods for detecting incremental effects from operation of the U-tube
oxygenation device, and

m  suggested experiments to evaluate the operating performance of the U-tube
oxygenation device under a range of flows and oxygen injection rates.

Background

The DWSC is a maintained (i.e., dredged) portion of the San Joaquin River that
begins at the mouth of the San Joaquin River near Antioch and terminates in
Stockton, California. It is used as a shipping channel allowing large hauling
vessels access to the Port of Stockton. The terminus of the shipping channel is at
the Port of Stockton East Complex. There is a sizable turning basin that allows
the vessels to reverse their orientation before departing. The DWSC is dredged
to a depth of at least 35 feet measured at the average low tide (mean lower low
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water [MLLW]), which is approximately O feet mean sea level (msl). The DWSC
dimensions along the Rough & Ready Island dock are about 600 feet wide with
an average depth of about 25 feet deep, so the cross-sectional area is 15,000
square feet (ft°). The distance from the western end of the dock to the SJR inflow
location (often called “channel point™) is about 1.5 miles. Figure 1 shows a map
of the DWSC between Stockton and Columbia Cut. The locations of the City of
Stockton River sampling stations are indicated.

The historical record for temperature, DO, and pH is provided by the DWR water
quality monitoring station at the western end of the Rough & Ready Island dock,
which is where the U-tube oxygenation device will be located. Measurements of
temperature, DO, pH, and EC are made every 15-minutes using a pump and
through-flow monitoring devices. The pump intake is located at a depth of about
3 feet within a 12-inch diameter stilling well that is perforated with holes. The
water depth is about 15 feet at the monitoring location.

DWSC Geometry and Tidal Movement of Water

Tidal

The movement of water in the DWSC near the U-tube oxygenation device is a
function of the tidal fluctuations and the DWSC geometry. The tidal movement
of water produces considerable mixing within the DWSC. The residence time is
controlled by the DWSC volume, and the tidal flows are controlled by the tidal
stage variations and the upstream surface area of the DWSC and the tidal portion
of the SJR located upstream of the DWSC (i.e., between the DWSC and
Mossdale). Results from a previous CALFED project (Jones & Stokes, 2002)
describing the tidal mixing in the DWSC are summarized here.

Table 1 gives the surface widths, surface areas, cross-sectional areas, and
volumes of each 0.5-mile segment of the DWSC from the upstream end at SJR
mile 41.5 (Weber Point) to Turner Cut (SJR mile 32.5). The total surface area is
about 750 acres at an elevation of 0 feet mean sea level (msl). The DWSC
between the turning basin and Turner Cut has a volume of about 15,000 acre-feet
at an elevation of 0 feet msl. This geometry table has been estimated from a
combination of USGS quad maps, and the specified model geometry in the
Stockton Water Quality model and the geometry used in the DWR DSM2 model
(i.e., Cross-Section Development Program).

Flow Estimates

The measured tidal flows at the USGS Stockton station [originally an ultrasonic
velocity meter (UVM) device, now a side-looking acoustic (SL) device] and the
corresponding tidal flows at the Rough & Ready Island reflect the upstream

"tidal prism” that is defined as the difference in the upstream channel volume
between low tide and high tide. Assuming a flat surface elevation at high and
low tide, the net upstream movement of water must be approximately equal to the
upstream area times the change in tidal stage. The volume of water flowing past
a tidal location in any time period is:
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Tidal Volume (acre-feet) = tidal stage change (feet) * upstream area (acres)

The measured tidal stage and flow records at the USGS Stockton tidal flow
station suggest that the upstream area is about 400 acres. For a 3-foot tidal stage
change, the tidal volume moving upstream would therefore be about 1,200 acre-
feet. This volume corresponds to an average flow of about 2,400 cfs during a 6-
hour flood or ebb tidal period [i.e., flow (cfs) = Volume (AF) * 43,560/ (6 *
3600) =2.01* Volume (AF)].

The surface area between the USGS Stockton tidal flow station and the Rough &
Ready Island water quality station is about 450 acres, including the turning basin
and downtown Stockton channel to Weber Point. For a 3-feet tidal stage change,
the tidal volume at the Rough & Ready Island station would therefore be about
2,500 acre-feet (i.e., 3 feet * 850 acres). This represents an average flow of about
5,000 cfs during a 6-hour tide period. Because the cross-sectional area of the
DWSC is about 15,000 ft?, the average tidal velocity in the DWSC would be 0.33
ft/sec during a 3-foot rise or fall in the stage. Water would move about 2,400 feet
for every 1-foot change in stage, for a maximum movement of about 7,250 feet
(i.e., 1.5 miles) for a 3-feet stage change. Smaller elevation changes during a 6-
hour tidal period will produce a smaller average tidal flow, velocity, and
movement.

The 15-minute tidal records at Rough & Ready Island indicate that the
maximum tidal change in each 15-minutes is about 0.1 feet. This represents a
volume of 85 acre-feet, which corresponds to a flow of about 4,100 cfs, with an
average velocity of 0.27 ft/sec. Because the tidal velocity is higher in the middle
of the channel and near the surface, and slower along the edge of the channel and
near the bottom, the average tidal velocity along the Rough & Ready Island dock
may be less than 0.25 ft/sec. Water would therefore move about 225 feet during
each 15-minute interval, with a stage change of 0.1 feet. The oxygenated water
discharged from the diffuser, located 1,000 feet upstream from the R&RI water
guality monitoring station, would pass the monitoring station in about an hour
during ebb tides.

Movement and Mixing of the Oxygenated Water

Movement. The oxygenated water that is discharged into the DWSC from the
diffuser under the Rough & Ready Island dock will move upstream or
downstream with the tidal flow, as well as spread laterally across the channel and
mix vertically. During flood tide, oxygenated water will move upstream about
1.5 miles to Channel Point. During ebb tide, this water will move back
downstream to the oxygenation device diffuser. Because of unequal tidal
elevation changes, the oxygenated water may move downstream past the diffuser.
The upstream and downstream movement will correspond to the tidal elevation
changes.

The upstream and downstream movement will also be influenced by the net flow
in the DWSC. If the net flow is 500 cfs, the daily net downstream water
movement will be about 2,800 feet (0.55 miles). Therefore, the upstream
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movement of the oxygenated water (during a 6-hour flood tide period) will be
about 725 feet less than with tidal movement alone, or about 7,000 feet upstream.
The downstream movement will be 725 feet more than with tidal movement
alone, or about 8,500 feet. The oxygenated water will therefore move about
1,400 feet downstream from the diffuser during a 12-hour tidal period, and 2,800
feet downstream at the end of the 25-hour tidal cycle. Lower net flows in the
DWSC will produce less of a net downstream movement.

Table 1 indicates that the DWSC volume between channel point and the R&RI
monitoring location there the U-tube oxygenation device will be constructed is
about 2,500 acre-feet at low tide (0 feet msl). By coincidence this is also the tidal
volume for a tide change of 3 feet at the R&RI station. Therefore, the travel time
of water entering the DWSC and passing the R&RI monitoring station is:

DWSC Travel Time (days) = 2,500 acre feet / [Daily Flow (cfs) * 2]

Because a daily flow of 500 cfs is a volume of about 1,000 acre-feet, the travel
time for a flow of 500 cfs is 2.5 days. A flow of 1,250 will have a travel time of
just 1 day, and a flow of 250 cfs will have a travel time of 5 days.

The oxygenated water from the diffuser will be distributed within this tidal
volume each day. The tidal volume is a 1.5 mile length of the DWSC, located
either upstream or downstream of the diffuser, depending on the tidal elevation.
Because the diffuser is 1,000 feet long, this zone of upstream influence will be
extended by 1,000 feet to about 8,750 feet, although there will be a smaller
amount of oxygen added at this upstream end of the oxygenation plume because
not all the diffuser will have contributed oxygenated water to the upstream
portion of the plume.

Mixing. Vertical mixing will generally be relatively strong, although the
oxygenated water may not be fully mixed vertically during the summer when
vertical temperature stratification develops during the daytime. The lateral
spreading is also a relatively slow process. A dye study done by UOP in 2002
(Jones & Stokes 2003) indicated that the oxygenated water spread laterally to
about 150 feet from the dock during the first flood or ebb tide period (6-hours).
The 2002 dye study indicated that nearly complete lateral and vertical mixing
was achieved within 24 hours. The daily DO increment within the tidal volume
of 2,500 acre-feet will be:

DO Increment (mg/l) = Oxygen Mass (Ib) / [2.7 * Volume (af)]

For the DWSC tidal volume of 2,500 af with the normal daily oxygen supply of
10,000 Ib, the fully mixed average DO increment will be just about 1.5 mg/I
(0.925 mg/l). However, along the dock it may be possible to measure an
incremental DO of 5-10 mg/l. Some of the added DO may be mixed upstream
into the turning basin and downstream with the net flow, but the overall change
in DO concentration within the tidal mixing volume is expected to be about 1
mg/I for each day of operation.
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A major uncertainty in measuring the placement and spreading of the oxygenated
water within the DWSC is that the incremental DO cannot be distinguished from
the background DO concentrations within the DWSC. To the extend that there is
a natural DO gradient along the DWSC (as typically measured) it will be difficult
to determine the mass of DO added by the oxygenation device. The longitudinal
extent of the tidal movement and lateral spreading of the added DO can be
determined from the tidal records of stage and flow at the Stockton tidal station.
But because the natural DO gradient (i.e., DO sag curve) within the DWSC
without the oxygenation device operating cannot be identified when the device is
operating, it will be difficult to directly confirm the amount of DO that becomes
mixed into the DWSC. The suggested monitoring strategy will describe methods
for estimating the DO increment through a series of experimental manipulations
of the oxygenation device (i.e., on-off operations).

Previous Water Quality Sampling and Monitoring

Because of the many factors described above, the DWSC has low DO levels that
are often less than the established water quality objectives during the summer
months. As a result, the water quality of the DWSC and the San Joaquin River
has been evaluated in a series of special studies to determine the likely causes of
the low DO and to evaluate potential solutions (including aeration devices).
There are several routine monitoring efforts that provide a good basis for
evaluation of the DWSC water quality conditions.

The City of Stockton (City) is required as part of its Waste Discharge
Requirements (WDR) and National Pollutant Discharge Elimination System
(NPDES) permit to collect mid-depth weekly grab sample data from several
stations in the DWSC during the summer and early fall. In addition to the
ongoing NPDES sampling, the City performed special studies in 1999, 2000, and
2001 in which additional water quality parameters were analyzed. The City’s
sampling stations (numbered R1 through R8) for the NPDES sampling extend
from upstream of the DWSC (on the San Joaquin River) to downstream of
Turner Cut (Figure 1). The measurement locations within the DWSC during the
special studies included one in the turning basin and stations R3 through R7.
Temperature and DO vertical profiles were measured every 2 feet at the DWSC
stations. Data collected in 2000 and 2001 have been presented previously (Jones
& Stokes 2001, Jones & Stokes 2002). These data provide examples of the
vertical gradients of temperature and DO within the DWSC.

The California Department of Water Resources (DWR) has a monitoring station
at the downstream end of Rough & Ready Island that collects hourly data (Figure
1). DO concentrations, temperature, EC, and pH data are measured at DWR’s
surface (i.e., 3-foot-depth float within a perforated stilling well pipe) monitoring
station. The monitoring station uses a pump system with the instrumentation in a
small shed at the end of the dock. This is also the location for the screened
intakes for the U-tube device.
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DWR samples for minerals, nutrients, phytoplankton, zooplankton and benthos at
the Buckley Cove station (P-8), located about 1-mile downstream of the
Calaveras River mouth and the R&RI water quality monitoring station, at SIR
mile 37. This station provides a long-term record of SJR water quality
downstream from the R&R | portion of the DWSC (Port of Stockton West
complex). These monthly samples are required by SWRCB as part of the D-
1641 compliance and baseline monitoring program.

DWR also collects surface and bottom temperature, DO, EC, turbidity, and
chlorophyll a (fluorescence) measurements from the San Carlos water quality
sampling boat during the August-November period, prior to and after the
installation of the fall temporary barrier at the head of Old River. The
monitoring is designed to determine the changes in DO caused by installing the
head of Old River barrier which increases the flow past Stockton. Samples are
collected from about 15 locations bi-weekly at low slack water from Prisoners
Point (on Venice Island) upstream to the turning basin. The longitudinal gradient
in temperature, DO, EC, turbidity, and chlorophyll a (fluorescence) indicate the
general mixing between SJR water and Sacramento River water that occurs at
about Turner Cut. Some differences between surface and bottom measurements
are observed in the DWSC upstream of Turner Cut. Changes in DO are difficult
to interpret because flow, temperature, and algal biomass are all changing during
this summer and fall period.

Special Study Results—2001

Results from the City of Stockton 2001water quality study are useful as examples
of water quality conditions in the DWSC. In 2001, as part of an action grant
directed by the CALFED Bay-Delta Program to support DO TMDL studies for
the RWQCB, the City of Stockton conducted special river surveys.. The study
reach included the river monitoring stations established for the NPDES sampling
in the DWSC (stations R2—R8) and another station in the turning basin. The
monitoring program provided a framework of weekly samples to characterize the
water quality patterns within the DWSC and evaluate the potential relationships
between RWCEF effluent loads and San Joaquin River loads (Jones & Stokes
2002). The results of this study provided important information on seasonal DO
concentration patterns, vertical temperature stratification and DO gradients in the
DWSC, longitudinal DO differences, and the possible effects of San Joaquin
River flows on DO in the DWSC.

Figure 2 shows the minimum and maximum DO concentrations at the DWR
R&RI station for 2001. The measured surface temperatures and DO at the Rough
& Ready Island station were often elevated during the day, but the DWSC was
apparently almost always well-mixed during the night, as indicated by a slowly
decreasing temperature and DO in the early morning hours each day. The diurnal
change in DO was at least 2 mg/l and often 4 mg/l or more during the summer
months. The City mid-depth DO measurements generally follow the minimum
daily R&RI DO measurements. The City data are collected in the morning and
confirm the R&RI minimum DO measurements as the best estimate of the daily
average (i.e., mixed) DO in the DWSC. The R3 data indicates that DO is already
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less than saturation as it enters the DWSC. The decline from R3 to R5 or R6 is
generally about 2 mg/l, indicating a moderate DO sag within the DWSC.

Figure 3 shows the measured vertical temperature and DO profiles for a few
dates in 2001 (measured in morning). These vertical profile measurements
suggest that the DWSC is generally well-mixed each morning. . The vertical
profiles of temperature often showed a near-surface layer with a slightly higher
temperature (1-2°F), but the DO gradient was generally small (less than 1 mg/l).
These figures also demonstrate the moderate temperature and DO changes that
can occur from week to week. The temperature and DO stratification was more
pronounced at the turning basin station. Tidal mixing is much less in the turning
basin because most of the tidal flow moves up the San Joaquin River toward
Mossdale. This suggests that tidal mixing is an important factor that apparently
eliminates stratification and vertical DO gradients in the DWSC.

Figure 4 shows the San Joaquin River flow measured at Vernalis and at the
USGS Stockton (Garwood Bridge) tidal flow station in 2001. The Stockton
DWSC net daily flows during the 2001 survey period ranged from less than 750
cfs in June and July to more than 2,000 cfs in October. Because the tidal flow
station had considerable missing records in 2001 (upgraded by USGS in May
2002), the estimated DWSC flows are shown, based on the Vernalis flow and the
estimated Old River diversion (depends on CVP and SWP pumping and
temporary barriers).

DWSC water quality may be influenced by changes in San Joaquin River flow,
but there are several factors that interact to make it difficult to clearly observe the
effects of flow on DO concentrations in the DWSC. The effects of flow changes
on DO concentrations in the DWSC are more complex than a simple dilution of
RWCF effluent and a reduction in residence time. The river load to the DWSC
will increase with flow if the flow change is the result of reduced diversions into
Old River, allowing more of the San Joaquin River load of algae and other
organic materials to reach the DWSC. The river concentrations of algae and
other organic materials may be reduced with higher flow if the flow change is the
result of upstream reservoir releases (i.e., dilution) and because the San Joaquin
River travel time will be reduced, so that less algae biomass will grow in the
river. The inflow concentrations of algae and organic materials should be
directly measured to more accurately account for dilution and reduced (or
increased) BOD loads to the DWSC.

DWR San Carlos Boat Surveys of the DWSC

DWR has routinely conducted longitudinal boat surveys along the DWSC,
measuring the surface and bottom temperature and DO between the Turning
basin and locations downstream of Turner Cut. These measurements generally
indicate that the DO sag is located in the upstream portion of the DWSC, and that
low DO is not observed downstream of Fourteen Mile Slough. The surface and
bottom DO and temperatures are usually quite similar, although stratification of
1-2 F and a DO gradient of 1 mg/l are observed during some surveys. Figure 5
shows results from some of the DWR San Carlos surveys in 2001. The mid-
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Strat

depth measurements at the City of Stockton stations are compared. The
temperature data (right-scale) are plotted above the DO data (left-scale). The
surface DO is sometimes 1-2 mg/l higher than the bottom DO. The lowest DO
are observed at the upstream end of the DWSC, corresponding to City river
stations R5 and R6, and to lights 41 to 34 (SJR mile 38 to 34). The City’s mid-
depth DO data are similar to DWR’s bottom DO measurements. These data
indicate that the oxygenation device diffuser (SJR mile 38) is ideally situated to
manage (i.e., increase) the low DO in the DWSC.

ification Measurements-2002

Temperature stratification in the DWSC was measured directly during the
summer of 2002 with a string of floating temperature probes at the R&RI
monitoring station. Figure 6 shows some of the hourly data collected from these
probes located at depths of 3, 6, 9, and 18 feet for July and August of 2002.
There was very strong stratification observed in the upper 3-6 feet, with
temperature differences of 2 F during the afternoons, with maximum differences
of 4-6 F observed on some days. Comparison with the R&RI temperature data
suggests that they match the 6-feet to 9-feet depth temperature measurements.

The corresponding DO variations at the R&RI surface station were highest on
these days of strong stratification. This suggests that algae become isolated in
the stratified surface layer and produce very high DO concentrations during
photosynthesis in the higher solar radiation (i.e., light) conditions. The high
afternoon surface DO concentrations do not represent the average DWSC DO,
and are rapidly mixed into the DWSC during evening and nighttime cooling.
The near-surface intake (3-foot depth) for the R&RI monitoring station has
allowed both the surface effects from stratification and algae photosynthesis
during the afternoons and the fully mixed average temperatures and DO
concentrations to be monitored at the same location.

Dissolved Oxygen Objective Deficit

The DO objectives everywhere in the DWSC are 5 mg/l from December 1
through August 31 and 6 mg/l from September 1 through November 30. Using
the 2001 water quality data, a DO deficit (i.e., missing mass of oxygen needed to
meet the objective) was calculated to determine the quantity of oxygen that must
be added by an aeration or oxygenation device to increase the DWSC DO levels
to meet the water quality objectives. Data from the DWR’s R&RI station and
from the USGS Stockton tidal flow station were used to estimate the DO deficit
below applicable water quality objectives for the DWSC. The DO deficit in the
DWSC was calculated using the following equation:

DO Obijective Deficit (Ibs/day) = 5.4 * Net Flow (cfs) * [Target DO
(mg/l) = Minimum DO (mg/D)]
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where Ibs/day = pounds per day, and target DO is the DO objective plus a
specified buffer of DO concentration.

A 0.5 mg/l DO buffer was added to the DO objective to allow for slight
variations in the DWSC DO compared to the DO monitoring data. Based on the
daily minimum DO concentrations at the DWR Rough & Ready Island station
and the daily net flow measured at the USGS Stockton tidal flow station, about 1
million pounds (Ibs) of oxygen would have been needed in the summer of 2001.

Figure 7 shows the estimated daily DO deficits in the DWSC during 2001. The
DWSC flow had to be estimated for most of the summer, because the Stockton
tidal flow station was out-of-service. An oxygenation device that delivered about
10,000 Ibs/day would have satisfied the measured DO deficit during the summer
of 2001. The maximum daily DO deficit of about 10,000 Ibs was generally the
same during several recent years (Jones and Stokes 2003). The periods during a
year when a DO deficit may develop and the total annual DO deficit will vary
from year to year.

Basic Monitoring Approach

The monitoring approach to determine the effectiveness of the U-tube
oxygenation device was developed after reviewing the available information
from previous DWSC measurements, as summarized in the previous sections.
Suggested water quality parameters, sampling locations and frequencies,
continuous monitoring stations, and strategies for the operation of the U-tube
oxygenation device are described below. The basic monitoring approach can be
summarized as three primary tasks:

e The existing R&RI water quality monitoring station, operated by DWR, will
continue to be the main station for judging the effectiveness of the DWSC
oxygenation device. This is the historical monitoring location that will be
used to indicate improvements in the overall water quality of the DWSC.
The device uses a pump intake that is floating at a depth of 1 m within a
stilling-well pipe that is perforated along its depth (about 15 feet). The
existing monitor measures maximum temperatures and DO in the late
afternoon of many summer days, suggesting the influence of surface
stratification on algae growth and DO. The daily minimum DO, which
usually occurs in the early morning hours, will continue to be used to
indicate the average daily DO in the DWSC.

e Four new stations with continuous (15-minute) DO monitoring will be
installed along the DWSC. Two stations will be located upstream of the
oxygen device diffuser (at Stockton R2a and navigation lights 48 and 43),
and two will be located downstream (at lights 41and 40). These four stations
will provide a complete record of the position and extent of the longitudinal
DO sag within the DWSC, and the DO of the SJR as it flows into the DWSC
(R2a) during ebb tide. The tidal movement is about 1.5 miles between high
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and low tides. Existing navigation light pilings (or platforms) will be used
for these monitoring stations. Measurements will be obtained from mid-
depth to eliminate the high DO measured during surface stratification.

e Longitudinal boat surveys in the DWSC for mid-depth and surface
measurements of temperature, DO, pH, EC, turbidity and algae fluorescence
will be obtained at the end of each “on” and “off” period within the
operational cycle (See Operations Section below) to provide a more complete
record of the longitudinal gradients for high-tide and low-tide conditions.
Some discrete water quality samples for TSS,VSS, BOD and algae
chlorophyll a concentrations will be collected during these boat surveys.

Monitoring Parameters and Locations

Grab samples, vertical profiles, longitudinal boat profiles, and continuous
monitoring will be used to evaluate the water quality of the DWSC and the
inflowing water quality of the San Joaquin River upstream of the DWSC. The
measured parameters will be similar to those shown in Table 1 and will include
DO, temperature, pH, and oxygen-depleting substances (e.g., 5-day biochemical
oxygen demand (BOD:s), volatile suspended solids (VSS), chlorophyll a (Chla)
and ammonia-N). This water quality data will be used to calculate loads into the
DWSC from the San Joaquin River and to evaluate the effectiveness of the
aeration device. The USGS Stockton (Garwood bridge) tidal flow measurements
(daily average) will be used in the load calculations.

Grad Samples. Water quality monitoring stations used by the City of Stockton
for their NPDES permit will be incorporated into the sampling plan during the
first year following device implementation. Weekly grab samples are already
collected by the City of Stockton from stations R2a, R3, R4, R5, and R6 for all
relevant water quality parameters. Weekly samples are collected for
measurements of temperature, DO, turbidity, nitrogen compounds (TKN, NO,,
NOs, NHj3), chlorophyll a and pheophytin, CBOD;q, TSS and VSS, EC, TDS,
alkalinity and hardness. Station R2a is located on the San Joaquin River
upstream of Channel Point (i.e., the confluence with the DWSC) at Burns Cutoff.
R3 and R4 stations are upstream of the oxygen diffuser, and R5 and R6 are
downstream. The City sampling is conducted weekly from May 1 through
November 30.

Vertical Profiles. Vertical profiles (2-feet intervals) will be taken for
temperature, DO, pH, and electrical conductivity at the turning basin (TB) and at
stations R3, R4, the R&RI monitoring station, R5, and R6. Sampling for vertical
profiles will take place at all sites before 10:00 a.m. to ensure that, as much as
possible, the minimum daily DO concentrations are observed throughout the
DWSC. Vertical profiles generally will be conducted weekly but may be
conducted daily when the U-tube oxygenation device is operating.

Continuous Monitoring. Temperature and DO will be measured at mid-depth
every 15 minutes at the four continuous monitoring stations. Measuring at mid-
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depth is preferred over measuring at the surface because the mid-depth results
will provide similar diurnal trends, but with less variation than the near-surface
data currently measured at the R&RI station. Continuous 15-minute
measurements will be collected at stations R2a, R3 (light 48), R4 (light 43),
DWR Rough & Ready Island (existing), R5 (light 41) and R6 (light 40).

Monitoring downstream of R6 is unnecessary because historical R7 data indicate
low DO problems did not occur at that site. The R3 through R6 sites were
chosen to maximize the period of available data and facilitate temporal water
quality comparisons by choosing sites where water quality data have been
collected previously. The R2a station was selected to provide San Joaquin River
water quality data characterizing inflow into the DWSC. However, the R2a
station will record San Joaquin River inputs to the DWSC only during ebb-tide
flows because during flood-tide flows, water from the DWSC will travel
upstream into the San Joaquin River channel.

An additional upstream monitoring station is planned as part of the CBDA-
sponsored upstream monitoring project at Brandt Bridge (SJR mile 47.5). This
station is near the City of Stockton R1 sampling station, about 7.5 miles upstream
of the DWSC and above any tidal influence from the DWSC or the Stockton
RWCF discharge. This Brandt Bridge station is not included in the monitoring
plan for the oxygenation device, but the data can be incorporated into the DWSC
oxygenation device evaluation.

Boat Surveys. A series of weekly boat surveys between the turning basin and
the R6 sampling station will be made with a boat-mounted monitoring device to
record temperature, DO, pH, turbidity, and algae fluorescence along the DWSC
at mid-depth and at the surface. Morning and afternoon tows will be made to
characterize the diurnal changes at the surface and at mid-depth. The
longitudinal surveys will be compared with the continuous measurements at the
R2a, R3, R4, R&RI, R5 and R6 stations. The boat surveys will provide good
resolution on the “DO sag-curve” position, which is expected to move upstream
and downstream with the tide.

All of these data will be combined with the tidal elevation fluctuations and tidal
flow information to provide an integrated assessment of the DO sag within the
DWSC and the likely rates of BOD decay and surface reparation, stratification,
and algal growth within the DWSC. However, there is nothing unique about the
dissolved oxygen injected into the DWSC from the U-tube oxygenation device.
Therefore, it will not be possible with these DO monitoring stations to determine
the amount of injected DO that actually becomes mixed into the DWSC.
Therefore, an operational strategy that turns the U-tube device on for several
days and then turns the device off for several days will be used to observe the
increases in the DWSC DO concentrations and determine the amount of injected
DO that increases the average DO within the DWSC.
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Table 1. Stations for Proposed Water Quality Monitoring

A. Continuous 15-

B. Vertical Profiles
(Weekly; Daily if

C. Grab Samples

Station Name Station Location Minute Monitoring*  Device Operating)* (Weekly)*
R2a On San Joaquin X - X
River, upstream of
Channel Point at
railroad bridge; SJIR
mile 40
Turning Basin (TB) - X X
R3 River Mile 39.4 X X X
(light 48)
R4 River Mile 38.5 X X X
(light 43)
DWR Rough & River Mile 37.8 Existing X X
Ready Island Station
R5 River Mile 37.3 X X X
(light 41)
R6 River Mile 35.5 X X X
(light 40)

* These columns indicate the type of water quality sampling that will be performed at each station. An Xin
the column indicates that type of sampling will occur, while a — in the column indicates that type of
sampling will not occur.

Baseline Monitoring

Monitoring of the DWSC DO concentrations will begin prior to operation of the
DO device to provide a baseline for comparison with the primary R&RI DO

monitoring station. The measured parameters will be temperature and DO

profiles at each station shown in Table 1 and continuous mid-depth DO
monitoring at upstream station R4 (light 43) and downstream station R6 (light
40). Weekly sampling conducted by the City of Stockton will be incorporated
into the baseline conditions. The baseline data can be collected from May 1

through November 30. The baseline monitoring will merge into the more
intensive operational monitoring once the U-tube oxygenation device is

operational (expected mid-summer of 2006).

Long-term Monitoring

Following the first year of intensive sampling and monitoring, the weekly
vertical profiles and boat surveys will no longer be conducted. It is assumed that
the intensive water quality monitoring in the first year will provide enough
information to characterize the water quality throughout the DWSC and
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determine the effectiveness of the device. After the first year, the long-term
effectiveness of the aeration device will be determined from just three continuous
monitoring stations (R4, R&RI, and R6) together with the weekly water quality
sampling conducted by the City of Stockton.

Oxygenation Device Operation

Because of the relatively large variations in the DO measured at the R&RI station
and the similar variations expected at the additional DO monitoring locations, it
will be difficult to separate natural variations from the additional DO supplied by
the oxygenation device. Therefore, the basic experimental design proposed to
estimate the performance of the U-tube device in raising the minimum DO in the
DWSC is to operate the device with an on-off cycle. The device is expected to
raise the DO by about 1.5 mg/l within the tidal zone of the DWSC (2,500 acre-
feet tidal volume) after a day of operation. A three-day operational period should
raise the DO by about 4.5 mg/l, and a four-day operational period should raise
the DO by about 6 mg/I (or to saturation). When the device is shut-off, the DO
decline from BOD decay in the DWSC may not be as fast as the expected
increase (i.e. 1.5 mg/l), but the device should remain off until the DO declines by
the same amount as the DO device had increased the minimum DO during its
operation. The basic concept is to produce a clearly identified “ramping signal”
that can be separated from the natural DO fluctuations that are expected to
continue.

The oxygenation device will normally be operated only when the DO levels in
the DWSC are lower than a determined trigger point. The maximum quantity of
oxygen the device will diffuse into the DWSC is 10,000 Ibs in a day. One U-tube
can be operated to supply 5,000 Ib/day. The trigger point must allow a sufficient
buffer so that the maximum input of 10,000 Ibs/day will maintain the DO levels
throughout the DWSC above the water quality objective. During the first year of
operation, the device initially will be turned on when the minimum DO
concentration at any of the monitoring sites is less than 6 mg/l during the 5 mg/I
objective period, or less than 7 mg/l during the 6 mg/l objective period. The
minimum DO measurement, observed either in the vertical profiles (performed in
the morning) or in the continuous monitoring measurements, will be used each
day to determine whether the device should be operated. Thus, if any of the DO
measurements is less than 6 mg/l (during the 5 mg/l-objective period) or 7 mg/I
(during the 6 mg/l-objective period), the device will be operated. As data are
collected during the first year, the trigger points may change to increase or
decrease the buffer time. Operation of the U-tube device will cease whenever all
monitoring stations have minimum DO concentrations greater than the trigger
point. The U-tube devices can be operated to provide any quantity of oxygen by
varying the operating time each day.

After the first year of monitoring, the device will be operated based only on the
minimum DO concentrations at the continuous monitoring sites (R4, R&R |, and
R6). Past DO measurements indicate the lowest DO level (i.e., DO sag) does not
occur downstream of R6. Thus, DO levels throughout the DWSC will probably
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be greater than the objective if the device is operated based only on DO
measurements at these continuous DO monitoring stations.

The DWSC residence time (i.e., flow) and BOD concentration will control the
days needed for the DO to decline to background levels. A seven-day operation
period will be used if possible during this performance testing to allow a routine
week-day monitoring schedule for boat surveys. For flows of about 500 cfs, the
residence time will be about 3 days. For a three-day off and four-day on cycle,
measurements could be made on Monday (end-of-off-period) and Friday (end-of-
on-period). A four-day off and three-day on cycle could be measured on
Tuesday (end-of-off-period) and Friday (end-of-on-period). For flows of about
250 cfs, the residence time will be about 5 days, and the DO decline to
background might require five days. Surveys could be scheduled on Monday
(end-of-off-period) and Wednesday (end-of-on-period).

The oxygenation device operations will be recorded with flow meters for each
pump, an oxygen supply flow (of O, gas) into each of the U-tubes (may require
pressure and temperature), water pressure at the outflow from each U-tube, and
DO meters at the outlets from each well and at the diffuser. Power consumption
for each pump, and water pressures at the inlet to each U-tube will fully quantify
the operating conditions. These measurements can be used to estimate the supply
of DO to the DWSC and the efficiency of the U-tube devices in dissolving the O,
gas.

Special Studies to Verify Near-Field Conditions

Two important issues can be resolved with special field studies during the initial
operation of the U-tube oxygenation device. The first issue is possible
interference from the oxygenation device on the long-term Rough & Ready
Island monitoring station. The second issue is the possible effect of high DO
concentrations (i.e., 50 mg/l) from the DO diffuser on fish physiology. Both of
these issues will rely on a special dye-tracer study that will document the near-
field spreading of the diffuser plume and subsequent tidal mixing in the DWSC.

Interference from the Oxygenation Device

The Rough & Ready Island water quality monitoring station is operated by DWR
at the western end of the Rough & Ready Island dock. The oxygenation device
screened water intake and pumps will be located under the dock, directly
adjacent (within 25 feet) of the vertical stilling well (i.e., perforated pipe) that is
the pumping intake for the water quality monitors. An air-pulse screen cleaning
system will be used to control the trash and debris on the screens. The diffuser
for the discharge of the oxygenated water (DO concentration increment of 40-50
mg/1) will be located 1,000 feet upstream of the R&RI monitoring station at a
depth of about -15 feet (below msl). Both the air-blast and the DO plume might
interfere (i.e., increase) with the DO measurements at the R&RI station.
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The R&RI water quality monitoring station pump intake floats inside the
perforated pipe (stilling well) at a depth of 3 feet, so the sensors tend to measure
the near surface (top 10 feet) portion of the water column. The 15-minute
measurements have been collected at this location since 1985, and are one of the
major data sources for evaluating the historical sequence as well as real-time
low-DO conditions in the DWSC. Because there is a relatively large diurnal
fluctuation in the DO measurements during the summer period, the minimum
DO, generally recorded in the early morning hours following nighttime mixing of
the DWSC, has been used to track the daily DO conditions.

The air purging of the fish screens will provide a source of aeration bubbles
relatively close to the DO monitoring pump intake, but the air bubbles will rise to
the surface and create a plume of upwelling water that will spread out from the
screens at the water surface. The change in DO at the surface intake to the R&RI
monitoring device is not expected to be measurable. A special survey will be
conducted with a water quality monitoring boat to directly measure the
downstream movement of the diffuser DO plume towards the R&RI station
during ebb-tide periods. Additional DO measurements will be conducted
between the U-tube intake screens and the R&RI monitoring intake during
periods of air-burst screen cleaning operations.

The oxygenation device diffuser plume may interfere with the R&RI DO
measurements during some periods each day. However, the minimum DO
measurements each morning will still provide a good indication of the daily
average DO conditions in the DWSC. The oxygenated water discharged 1,000
feet upstream will move past the monitoring intake locations during ebb-tide
periods (i.e., downstream flow) in about an hour. The tidal velocity would be
about 0.25 ft/sec, so the tide moves 15 feet each minute and 900 feet each hour.
The DO concentration could be higher in the oxygenation plume than in the fully
mixed DWSC. The DO probe may record several 15-minute measurements of
this higher DO water during each ebb-tide period. However, during the
subsequent flood-tide (i.e., upstream flow) the influence of the diffuser will be
less, and the DO at high tides should be representative of the average DO in the
DWSC. Therefore, a more careful interpretation of the 15-minute DO records, to
separate the ebb-tide and flood-tide measurements, may be required during the
operation of the oxygenation device. The flow and DO of the discharge from the
device should be added to the R&RI water quality monitoring records to allow
this interpretation of the data.

The reason that the oxygenation device must be located near the R&RI
monitoring station is that this is the normal location for the lowest DO
concentration (i.e., DO sag-point) within the DWSC during moderate and low
flows. The minimum DO measurements from the R&RI station will still be used
to provide the daily average DO within the DWSC. The afternoon DO
measurements are already high because of stratification and algae
photosynthesis; additional high DO measurements may be the result of the
oxygenation device.
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Effects of High DO Concentrations on Fish

The potential effects of high DO concentrations from the diffuser (i.e., Do of 40-
50 mg/l) on fish physiology will be examined in a special study conducted near
the diffuser during the first summer of operation. Near-field measurements of
DO, pH, and oxidation-reduction potential (ORP) will be made to determine the
potential for physiological effects on sensitive fish species. Direct exposure of
fish (cages) to the diffuser plume for a specified period will be used to compare
physiological indicators for exposed and controlled fish. Mr. Jeffrey Stuart
(NOAA Fisheries) has agreed to provide a suitable experimental design with a
control and three exposure regimes. He will also specify and facilitate the fish
physiological measurements at an appropriate laboratory. This information will
be combined with near-field mixing (i.e. dilution) measurements to provide a
final evaluation of this potential risk. This special study is further described in
the August 15, letter from NOAA to the Corps of Engineers under ESA section 7
consultation.

Spreading and Mixing in the DWSC

A dye study will be performed during the summer months, when flows and DO
levels are typically lowest, to evaluate how rapidly dye will spread from the
oxygenation device across the DWSC to the opposite shore. This lateral
spreading or mixing of the dye will indicate how well DO from the U-tube
diffuser will spread across and mix throughout the DWSC. These results will be
compared with results from a previous dye study conducted by UOP (Jones &
Stokes 2003).

Measurements of the higher DO will be taken in the vicinity of the diffuser ports
during these initial surveys. The mixing and spreading of the oxygen diffuser
plume can be evaluated directly with a boat survey of DO measurements, but the
results can be enhanced with a dye injection and tracking study.

A dye study from an experimental oxygenation device in November of 2002
conducted by Dr. Gary Litton of UOP provided a preview of mixing from the DO
diffuser below the R&RI docks. Dye was injected for 45 minutes, and the cloud
of dye moved upstream about 2,000 feet during the first two hours (i.e., flood-
tide). Figure 8 indicates that the dye cloud had only spread laterally about 50 feet
from the dock at the end of two hours, with a peak dye concentration of about 20
ug/l. Figure 9 shows that after 6 hours, the lateral mixing was still incomplete,
with the dye plume spreading laterally about 200 feet from the dock, and a peak
dye concentration of about 10 ug/l. Figure 10 shows that after 24 hours,
complete mixing across the channel resulted in an average dye concentration of
about 1 ug/l. These results indicate that lateral spreading will be complete in
about 24 hours.

Similar dye tracking studies were performed for the existing Port of Stockton
aeration device in September 2004. Dye was tracked 3 miles upstream and 2
miles downstream of the aeration device at Channel Point during a 48-hour
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survey (25-hour dye injection period). The dye was laterally well-mixed in the
DWSC, but vertically mixed only in the bottom half of the DWSC, apparently
limited by stratified surface conditions.

The oxygenated water from the diffuser will be dyed for a day, and this plume
will be tracked for two days following the dye injection. Longitudinal and lateral
surveys of the DO and dye concentrations at both high and low tides will be
tracked each day during the 3-day survey. The results will be similar to the 2002
study, but will more completely show the zone of influence from a single day of
DO addition and dye injection.

DO Device Performance Report

References

Data from the monitoring stations and operating parameters will be available on a
website during the demonstration testing period. At the end of the first year of
operation, a report documenting the operational testing and special study results
will be prepared. This report will include:

m  description of the analysis methods used to evaluate the water quality
monitoring;

m discussion of water quality conditions in the DWSC including the flows, DO
concentrations, loads of oxygen-depleting substances from the San Joaquin
River, a summary of DO monitoring records, and the City of Stockton
samples,

m results from the dye study, interference investigation, and near-field fish
physiology study,

m  discussion of the effectiveness of the U-tube oxygenation device, including
the calculated DO transfer efficiencies and response of the DO within the
DWSC to operation of the U-tube device, and

m information about the amount of oxygen needed to maintain the DO
objectives, and appropriate triggers to operate the device.

Following the first year of intensive monitoring and evaluation, annual data
reports will be produced until the operations of the aeration device permanently
cease. These data reports will be less detailed but will still include a discussion
of DO and water quality conditions, periods of operations, and observed response
in the DWSC.
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DO in the Deep Water Ship Channel
and Rough & Ready Island
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Figure 2. Minimum and maximum DO at the Rough & Ready Island station
compared to City of Stockton mid-depth DO for 2001.
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Vertical Profile of the San Joaquin River - 6/12/01
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Figure 3. Vertical Temperature and DO Profiles in the DWSC measured in the

morning at the City of Stockton River stations during 2001.
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Vertical Profile of the San Joaquin River- 6/26/01]
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Figure 3 (continued). Vertical Temperature and DO Profiles in the DWSC
measured in the morning at the City of Stockton River stations during 2001.
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Vertical Profile of the San Joaquin River - 7/17/01
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Figure 3 (continued). Vertical Temperature and DO Profiles in the DWSC
measured in the morning at the City of Stockton River stations during 2001.
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Comparison of Flow at Vernalis and Stockton
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Figure 4. San Joaquin River flow during 2001 measured at Vernalis and at the
USGS Stockton (Garwood Bridge) tidal flow station. Because the tidal flow
station had considerable missing records in 2001 (upgraded by USGS in May
2002), the estimated DWSC flows are shown, based on the Vernalis flow and
the estimated Old River diversion (depends on CVP and SWP pumping and
temporary barriers).
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8/1/01 7-Day Flow = 612 cfs

Water Temperatures and Dissolved Oxygen in the San Joaquin River
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Figure 5. Longitudinal surveys of surface and bottom temperature and DO from Turning
Basin (SJR mile 40.5) to Prisoners Point (SJR mile 24.5) in 2001. DWR San Carlos
boat survey data (at lights) and City of Stockton river station data are compared.
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Water Temperatures and Dissolved Oxygen in the San Joaquin River
9/17/01, 7-Day Flow = 839 cfs
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Figure 5 (continued). Longitudinal surveys of surface and bottom temperature
and DO from Turning Basin (SJR mile 40.5) to Prisoners Point (SJR mile
24.5) in 2001. DWR San Carlos boat survey data (at lights) and City of
Stockton river station data are compared
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Water Temperature and Dissolved Oxygen at Rough & Ready Island
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Flow (cfs) or DO Deficit (Ibs/day)
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Figure 7. Daily Estimated DO Deficit (Ibs/day) for DWSC in 2001, using
minimum daily R&RI DO and daily measured (or estimated) Stockton flow

(cfs), with a DO buffer of 0.5 mg/l above the objective.
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Longitudinal traverse of plume after 1 hour against Dock Bank
30 10 ftdepth, 12:15-1:25 PM, 11/26/02 (High Slack Tide)

Injection started at 10:28-11:15 AM, 11/26/02
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Figure 8. Measured longitudinal and lateral distribution of dye in the DWSC
after one hour of being released from an oxygenation device at the R&RI
monitoring location.
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Longitudinal traverse of plume after 5 hours against Dock bank
11 ft depth, 4:15- 4:45 PM, 11/26/02 ( Ebb tide)
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Figure 9. Measured longitudinal and lateral distribution of dye in the DWSC
after six hours of being released from an oxygenation device at the R&RI
monitoring location.
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Longitudinal traverse of plume after 24 hours
20 ft depth, 10:50- 11:40 AM, 11/27/02 (near end of Flood tide)
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Figure 10. Measured longitudinal and lateral distribution of dye in the DWSC
after 25-hours of being released from an oxygenation device at the R&RI
monitoring location.
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