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Preface

This report presents a synthesis of the information available on the causes and factors influencing
the occurrence of dissolved oxygen concentrations in the San Joaquin River (SJR) Deep Water
Ship Channel (DWSC) near the city of Stockton below the water quality objective (standard). In
accord with the scope of work for the Synthesis Report contract with the National Fish and
Wildlife Foundation (NFWF), “The approach [for development of the Synthesis Report] will be
to update the August 2000 “Issues’ report, incorporating new information that evolves from the
Directed Action-supported projects, Strawman activities, and other sources.” This report
presents the authors’ discussion of these issues relative to information in the literature and their
professional expertise and experience pertinent to this issue. In addition the 2002 SJR DWSC
oxygen demand loads to the SJR DWSC and the DO concentrations as measured at the
Department of Water (DWR) Resources Rough and Ready Island (RRI) continuous monitoring
station are presented and discussed. This report also serves as the final report for the
“Administrative” component project of the CALFED 2001 Directed Action project. This report
is referred to herein as the “Synthesis Report,” with the understanding that it covers more than
just a synthesis of the CALFED-supported low-DO projects.

DO depletion in the DWSC during the summer and fall below the water quality objective
(WQO) has been a long-standing problem that, under TMDL provisions of the Clean Water Act
regulatory requirements, must begin to be controlled. The Central Valley Regional Water
Quality Control Board (CVRWQCB) developed an approach for solving this problem that
involved the formation of a SJR DO TMDL Steering Committee of stakeholders. The Steering
Committee developed a Technical Advisory Committee (TAC). As originally developed, this
Steering Committee was to, by the end of December 2002, develop an implementation plan to
control DO excursions below the water quality objective that would be acceptable to the
CVRWQCB. In order to assist the Steering Committee and the CVRWQCB in developing the
low-DO control program, approximately $3.5 million in research has been devoted to the study
of the SJR DWSC and its watershed over the past three and a half years. This report presents a
synthesis of the current technical information that has been developed from these studies that can
help guide the formulation of a Phase I TMDL implementation plan to control low DO in the
DWSC.

The technical studies had two primary purposes. One was to determine the assimilative capacity
of the DWSC for oxygen-demanding materials of various types and under the various conditions
that can influence the oxygen demand constituent assimilative capacity of the DWSC. The other
was to provide a technical base of information upon which the Steering Committee/CVRWQCB
can potentially assign a technical allocation of responsibility for control of oxygen-demanding
substances, to control oxygen depletion below the water quality objective. While the
responsibility for solving water quality problems of this type may not necessarily be allocated
based on strictly technical reasons, such as the relative contribution of the oxygen demand
constituents responsible for DO depletion below the WQO in the DWSC, the allocation of
responsibility based on a technical analysis of the sources of the loads and those responsible for
adversely impacting the oxygen demand assimilative capacity of the DWSC is an appropriate
point to start the allocation of responsibility process.



The results presented in this report represent the efforts of scientists and engineers that, through
CALFED and other sources of financial support, have developed a series of project reports on
the low-DO problem. The May 2002 draft of this Synthesis Report was designed to aid a
CALFED-organized external peer review that was conducted in June 2002 of the current
information presented in these reports on the causes and factors influencing the low-DO problem
in the DWSC. The peer review panel addressed the issue of the adequacy of the technical
information base to begin to formulate a water quality management plan for the SJR DWSC that
will ultimately lead to the elimination of the violations of the dissolved oxygen water quality
standard (objective). This final report includes a discussion of the peer review panel’s comments
on these study results that were submitted to them in early May 2002.

Many individuals have contributed to the development of the information upon which this report
is based. The principle investigators for the component projects (R. Brown, Jones & Stokes; C.
Chen, Systech Engineering; P. Hutton, H. Rajbhandari, K. Jacobs, P. Lehman, P. Nader, CA
Department of Water Resources; C. Kratzer, and P. Dileanis, USGS; G. Litton, University of
Pacific; N. Quinn, and W. Stringfellow, Lawrence Berkeley Laboratory; and A. Tulloch, Tulloch
Engineering) made major contributions to the results summarized in this report. C. Foe, M.
Gowdy, and T. King of the CVRWQCB provided significant technical information and guidance
in conducting these studies. R. Dahlgren of the University of California, Davis, made available
to these studies the results of his studies on the characteristics of waters in the SJR watershed.
Further, significant contributions were made by S. Hayes, C. Ralston and J. Giulianotti,
Department of Water Resources, through providing data on the characteristics of the DWSC. C.
Ruhl, of the USGS provided the recent SJR DWSC flow data. E. Van Nieuwenhuyse of the
USBR provided technical guidance in several areas. The assistance of J. McGahan, of Summers
Engineering, in describing the Mud and Salt Slough watersheds is appreciated. Alex and Mary
Hildebrand, through Mary’s chairmanship of the SJR DO TMDL Steering Committee and Alex’s
advice on South Delta flow management issues, contributed significantly to the development of
the information presented in this report. The assistance of T. Quasebarth of CDM in review of
the draft report is appreciated. The assistance of Debra Stevens in preparation of this report is
greatly appreciated.

Financial support for these studies and this Synthesis Report was provided primarily by
CALFED through grants to the SJR DO TMDL component projects, where B. Marcotte was a
primary CALFED contact for these studies. She was assisted by S. Harader of CALFED. S.
Luoma, Director of the CALFED Science Program, also played a major role in developing the
results summarized in this report. Significant support was provided by the Steering Committee
members’ institutions through donation of time and, for some, financial support. Of particular
importance is the approximately $500,000 of support provided by the city of Stockton. W.
Jennings, the DeltaKeeper, provided, through California Sportfishing Protection Alliance
litigation settlements with the cities of Manteca and Turlock, over $120,000 in support of the
technical effort to develop information that can be used to manage the DWSC low-DO problem.

The senior author of this Synthesis Report, G. F. Lee, has been involved in studies of this type
over the past 42 years. The experience gained from working on problems of this type in other

locations has been incorporated into a discussion of the issues presented in this report.
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Because of time constraints between when 2001 study reports were made available and the need
to develop an assessment of the current understanding of oxygen demand loads and impacts for
the peer review panel meeting scheduled for June 2002, and because of funding limitations, this
Synthesis Report is based on a partial review of the total database available from the past three
years’ studies of oxygen demand sources, loads and impacts in the DWSC. It is anticipated that
it will be updated as time and funds permit further review of the existing database. Further in-
depth data review will likely clarify some of the issues that at this time are partially understood.
This report has been made available to the SJR DO TMDL Steering Committee and its Technical
Advisory Committee members, as well as others, for their review and comment. Comments
received have been considered and appropriate changes have been made in the report. We want
to thank those who made comments on the draft report; these comments have improved the
quality of this report.

Originally it was planned that this Synthesis Report would be finalized immediately after the
external peer review that took place in mid-June 2002. The finalization would include responses
to the peer reviewers’ general comments on the project. Draft responses to the peer reviewers’
comments were distributed to the SJR DO TMDL Steering Committee and the TAC for review
and comment. Based on these comments, final responses to the peer reviewer comments are
included as a section of this final report.

In June 2002 the PIs for the Directed Action component projects requested a three-month no-cost
extension of their contracts to complete their reports. This extension established August 31,
2002, as the due date for the final reports from each of the component projects. It was intended
that the final Synthesis Report would be completed in September 2002. However, many of the
PIs for the component projects did not submit their final reports by the August 31, 2002, due
date. As of March 18, 2003, K, Jacobs, C. Kratzer, P. Lehman and N. Quinn have not submitted
final Directed Action 2001 project reports.

In May 2002 the SJR DO TMDL Steering Committee and CALFED determined that it would be
desirable to issue a contract which would add an additional task to Dr. Lee’s contract which
would develop guidance on developing and funding a DWSC aeration pilot study. This task was
undertaken by URS Corporation in a subcontract through Dr. Lee’s Directed Action component
project. The URS subcontract was conducted by Lisa Hunt with the assistance of Steve Ritchie.
A final report for the additional task was completed by the end of October 2002. A summary of
this task final report is presented in this final Synthesis Report.

NFWF and CALFED approved rebudgeting of some of the funds in the Lee and Jones-Lee
Directed Action component project to support the administration of the component projects
during the three-month extension. Also, some of these funds were to be used to continue the
Synthesis Report data review that could not be completed during the project period. In early July
CALFED redirected this effort from further data review to developing a suggested monitoring
program for Phase I of the TMDL implementation program. The recommended monitoring
program is included as a new section of this final Synthesis Report.
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The final Synthesis Report includes new information on the potential impact of urban stormwater
runoff as a source of oxygen demand that leads to DO depletion in the DWSC below the water
quality objective. In early November 2002 several inches of rainfall occurred in Stockton. The
DeltaKeeper monitored the DO concentrations in the Stockton waterbodies that drain stormwater
to the DWSC. A review of these data, as well as the DWR RRI monitoring data is presented in
this final Synthesis Report.

In September 2002 R. Brown requested that his aeration project be expanded to include $40,000
to cover additional work on aeration evaluation. This expansion was approved by the SJR DO
TMDL Steering Committee, NFWF and CALFED. The expanded project budget period ended
December 31, 2002. In January 2003 R. Brown submitted a final report covering his aeration
component project. The results of R. Brown’s additional work on aeration evaluation have been
summarized in this final Synthesis Report.

In September CALFED issued a request for topics that should be included in an EIS/EIR for its
South Delta Project. This project is designed to enable greater export of Delta water to Central
and Southern California. G. F. Lee provided comments to CALFED on the need for the EIS/EIR
to include an assessment of the impact of the current as well as future increased export of Delta
water. G. F. Lee’s comments are included in this final Synthesis Report.

During the winter 2002-2003, G. F. Lee examined the DO monitoring data obtained from the
DWR RRI station for 2002 through mid-March of 2003. Data from this period show some of the
greatest DO depletions in the DWSC that have been recorded. This led G. F. Lee to develop
estimated oxygen demand loads to the DWSC during 2002. A section of this Synthesis Report
has been developed which presents this information. Included in this section is a discussion of
the low-DO conditions that occurred in mid-February/March 2002, and that occurred in mid-
January and February 2003. During mid-February 2003, the DO at the RRI monitoring station
reached a low of 0 mg/L, which was accompanied by a fish kill. These studies have shown the
importance of gaining an understanding of the need for winter oxygen demand load DWSC DO
response studies, in order to understand how best to manage the DO WQO violations that have
occurred during the past two winters, and occasionally in previous winters.

Overall, this Synthesis Report fulfills the objectives of the scope of work for the CALFED Low-
DO Directed Action “Administrative” project of updating the information base that is available
through mid-March 2003 on the causes and factors influencing the occurrence of low DO in the
DWSC and the sources of constituents responsible for low-DO conditions in the DWSC. It also
provides information on the approach that should be followed during the Phase I TMDL
program. It is anticipated that, as time and funds permit, supplements to this Synthesis Report
will be developed as new information becomes available.

G. Fred Lee and Anne Jones-Lee
March 2003
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Regulatory Background to the Investigations of the Low-DO Problem
in the SJR DWSC near Stockton

The low-DO problem in the San Joaquin River near Stockton requires that the Central Valley
Regional Water Quality Control Board (CVRWQCB) develop a TMDL to control the depletion
of DO below the water quality objective. The TMDL timeline requires that the CVRWQCB
develop an assessment of this problem that can be submitted to the US EPA as a technical
TMDL in June 2003. In addition, the CVRWQCB will adopt an implementation plan to control
DO depletion below the water quality objective, within about a year of the submission of the
technical TMDL to the US EPA. The investigations that serve as the basis for this Synthesis
Report have been formulated/conducted to provide the information needed to meet this TMDL
timeline. From the beginning it has been understood that, as with all TMDLs for complex issues,
this TMDL will be conducted in a phased approach where the first phase will be specifically
directed to implementation of the management plan to control the low-DO problems in the
DWSC. 1t is understood that directed implementation studies will need to be conducted during
the first phase. To assist reviewers of this report in understanding the CVRWQCB Phase [
implementation plan, the authors of this Synthesis Report suggested that the CVRWQCB staff
(Dr. Chris Foe and Mark Gowdy) provide information on their current plan for implementation
of the TMDL Phase 1. This information is being provided in separate documents (Foe, 2002;
CVRWQCB, 2003). These documents are available from the SJR DO TMDL website
(www.sjrtmdl.org). They should be reviewed as background to a review of this Synthesis Report
since they provide information on how the results of the studies reported herein will be
implemented into a low-DO management plan. In mid-March 2003 the CVRWQCB reviewed
the staff’s proposed approach for developing Phase I of the TMDL implementation plan. They
approved the approach recommended by the staff in their February 2003 report.
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Executive Summary

During the summer and fall, the first approximately seven miles of the San Joaquin River (SJR)
Deep Water Ship Channel (DWSC) near the Port of Stockton frequently experiences dissolved
oxygen (DO) concentrations below the water quality objective (standard). This has led to a
Clean Water Act (CWA) section 303(d) designation as an “impaired” waterbody, which in turn
requires the development of a total maximum daily load (TMDL) to control the violations of the
DO water quality objective. Beginning in the summer of 1999, through the fall 2001, members
of a Technical Advisory Committee (TAC) to the SJR DO TMDL Steering Committee of
stakeholders conducted about $3 million of studies on the causes and sources of constituents
responsible for violations of the DO water quality objective in the DWSC.

This Synthesis Report presents a synopsis of the results of these studies, as well as information
based on other studies and the authors’ experience. Particular attention is given to providing an
overview discussion of the current understanding of the constituents responsible for low DO,
their sources and the factors influencing how oxygen-demanding constituents added to the
DWSC lead to violations of the DO water quality objective. Also, information is provided on
potential approaches to control low DO in the DWSC.

Physical and Hydrological Characteristics of the SJR and DWSC

(Maps showing the locations of the areas discussed in the Executive Summary are located in the
beginning of the report text, as Figures 1 through 5.)

The SJR watershed consists of over 7,000 square miles in the Central San Joaquin Valley of
California below the eastside reservoirs. The total watershed, which includes the Sierra-Nevada
mountains above the reservoirs is estimated to be 13,536 square miles. It is bounded on the east
by the Sierra-Nevada mountains, and on the west by the Coast Range mountains. It extends
north from Fresno to the Sacramento-San Joaquin River Delta. The eastside rivers (Merced,
Tuolumne and Stanislaus Rivers), including the San Joaquin River, which drain the western
slopes of the Sierra-Nevada mountains, are the primary sources of water for the SJR. Upstream
of the Port of Stockton, the SJR is about 150 feet wide and eight to 10 feet deep, and is
freshwater tidal, with about a three-foot tide at the Port of Stockton. At the Port the River is
about 250 feet wide and is dredged to a depth of 35 feet to San Francisco Bay.

The flow of the SJR during the summer and fall is highly regulated by upstream reservoir
releases and agricultural and other water diversions. These diversions increase the hydraulic
residence time of the critical reach (first seven miles) of the DWSC, and thereby contribute to the
low-DO problem within the DWSC. During the summer months, the flow in the SJR through the
DWSC can range from a negative flow (i.e., upstream to Old River), to typically 500 to 1,200 cfs
net downstream flow, to, at times, several thousand cfs downstream flow. The net downstream
flows occur with a background of 2,000 to 4,000 cfs tidal flow.

The city of Stockton discharges its treated domestic wastewaters to the SJR approximately two

miles upstream of where the SJR enters the DWSC at Channel Point. There are several other
domestic and commercial wastewater discharges to the SJR and its tributaries in the SJR DWSC
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watershed. Further, there are numerous points where agricultural irrigation tailwater discharges
to the SJR and its tributaries occur throughout the watershed.

The critical reach of the SJR DWSC for low-DO problems is approximately the seven miles just
downstream of the Port to Turner Cut. This reach has experienced DO depletion below the water
quality objective over the past 40 years or so. The hydraulic residence time of the critical reach
can vary from about four days, with SJR DWSC flows of 2,000 cfs, to approximately 30 days at
250 cfs. These travel times are important in determining the amount of time available for
oxygen demand exertion within the DWSC before the oxygen demand is diluted by the cross-
SJR DWSC flow of the Sacramento River at Disappointment Slough/Columbia Cut arising from
the export pumping of South Delta water to Central and Southern California by the State and
Federal Projects. This cross-SJIR DWSC flow limits the downstream extent of DO depletion in
the DWSC.

DO Depletion in the DWSC

During the summer and fall months, dissolved oxygen concentrations in the DWSC water
column from just downstream of the Port to, at times, as far as Turner Cut, are depleted one to
several mg/L below the water quality objective of 5 mg/L during the summer through August,
and 6 mg/L from September through November. Under low SJR DWSC flow conditions of a
few hundred cfs, the DO concentrations in the DWSC waters at or near the bottom can be as low
as about 1 to 2 mg/L. The DO concentrations near the bottom of the DWSC are sometimes one
to two mg/L lower than those found in the surface waters. This difference is not due to thermal
stratification within the DWSC, but is related to inadequate vertical mixing of the water column
by tidal currents, algal photosynthesis in the near-surface waters and suspended particulate BOD
in the near-bottom waters.

The point of maximum DO depletion in the critical reach of the DWSC is a function of the flow
of the SJR through the DWSC, where higher flows cause the point of maximum DO depletion to
shift downstream. During periods of significant algal photosynthesis, where planktonic algal
chlorophyll a is greater than about 20 to 30 pg/L, there can be a several mg/L diel DO change in
the surface waters of the DWSC.

Constituents Responsible for Oxygen Depletion and Their Overall Sources

The depletion of DO below the water quality objective is caused by carbonaceous biochemical
oxygen demand (CBOD) and nitrogenous BOD (NBOD). The CBOD occurs primary in the
form of algae, with city of Stockton residual CBOD present in their wastewater effluent, as well
as CBOD derived from other sources. The NBOD is composed of ammonia and organic
nitrogen that is mineralized to ammonia, which is biochemically oxidized to nitrite and nitrate
(nitrification). At times, especially during high ammonia concentrations in the wastewater
effluent and low SJR DWSC flows, the City’s wastewater effluent can contribute over 80 percent
of the total oxygen demand load to the DWSC. At other times, the City’s contribution to the
oxygen demand load can be on the order of 10 to 20 percent of the total oxygen demand load to
the DWSC.
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The primary source of carbonaceous and, to some extent nitrogenous, oxygen demand for the
DWSC occurs in the form of algae that develop in the SJR upstream of the DWSC. At times the
upstream oxygen demand loads represent on the order of 90 percent of the total oxygen demand
load to the DWSC. The relative proportion of the city of Stockton and upstream oxygen demand
loads is variable, dependent on the City’s wastewater effluent ammonia concentrations, the
planktonic algal concentrations in the SJR that discharges to the DWSC, and the flow of the SJR
through the DWSC.

The limitation of the downstream extent of the DO depletion caused by the cross-SJR DWSC
flow of the Sacramento River at Columbia Cut results in some situations where part of the
oxygen demand load to the DWSC from the City and upstream sources is not exerted in the
critical reach of the DWSC — i.e., it is transported into the Central Delta, where it is diluted by
the cross-channel flow of the Sacramento River. As a result, an issue that must be better
understood in order to appropriately manage the low-DO problem is a determination of the part
of the oxygen demand load from the City and upstream sources that is exerted within the critical
reach that leads to DO concentrations below the water quality objective. Additional information
is needed on the amount of the oxygen demand load from the various sources and constituents
that is exerted in the DWSC that leads to DO concentrations below the WQO.

Factors Influencing DO Depletion in the DWSC
There are a number of factors that have been found to influence the DO depletion in the DWSC
for a given oxygen demand load. These include the following:

e Port of Stockton. The development of the DWSC to the Port of Stockton greatly reduced
the oxygen demand assimilative capacity of the SJIR below the Port. It has been found
that, if the Deep Water Ship Channel did not exist, there would be few, if any, low-DO
problems in the channel.

e SJR Flow through the DWSC. The flow of the SJR through the DWSC influences DO
depletion by affecting the hydraulic residence time (travel time) of oxygen demand loads
through the critical reach. Under high flow conditions (> about 2,000 cfs), DO depletions
below the water quality objective do not occur in the DWSC. SJR flows through the
DWSC of a few hundred cfs lead to the greatest DO depletion below the water quality
objective. The flow of the SIR through the DWSC influences the amount of upstream
algal (oxygen demand) load that enters the DWSC, with greater oxygen demand loads
occurring with higher flows. The magnitude of the oxygen deficit below the water
quality objective is SJR DWSC flow-dependent.

e Sacramento River Cross Channel/Delta Flow. The export pumping of South Delta
water by the State and Federal Projects to Central and Southern California creates a
strong cross-Delta flow of Sacramento River water. This cross-Delta flow limits the
downstream extent of DO depletion within the DWSC to upstream of Disappointment
Slough/Columbia Cut.

e Growth of Algae within the DWSC. Appreciable algal growth occurs within the DWSC;
however, this growth does not add to low-DO problems in the surface waters of the
DWSC, since it is accompanied by oxygen production through photosynthesis. The
increased algal growth within the DWSC is likely causing increased DO depletion in the

X



near-bottom waters of the DWSC, due to the settling and death of the DWSC-produced
algae.

Sediment Oxygen Demand (SOD). Measurements of the bedded sediment oxygen
demand within the DWSC show that it tends to be somewhat lower than normal SOD for
“polluted” waterbodies. However, the tidal velocities that occur within the DWSC have
been found to be sufficient to suspend bedded sediments and to hinder the settling of
particulate oxygen demand. This leads to an increased oxygen demand associated with
particulates in the near-bottom waters of the DWSC. The bedded sediment oxygen
demand of the DWSC between Channel Point and near Turner Cut is estimated to be
about 2,000 Ib/day, which is at the upper end of the measured SOD values.

Atmospheric Aeration. Since the surface waters of the DWSC tend to be undersaturated
with respect to dissolved oxygen, except possibly during late afternoon when intense
photosynthesis is occurring in the surface waters, there is a net transfer of atmospheric
oxygen to the DWSC through atmospheric surface aeration. It has been estimated that
about 4,500 Ib/day of oxygen is typically added to the critical reach of the DWSC
through surface aeration.

Light Penetration. Secchi depths typically on the order of 1 to 2 ft are found in the SJR
and in the DWSC during the summer and fall. The inorganic turbidity derived from
watershed erosion, significantly reduces the depth of the photic zone, where algal
photosynthesis can occur, compared to photic zone depths that are found in most
waterbodies where light penetration is controlled by light scattering and absorption by
algae. Current efforts to control erosion within the SJR watershed could lead to increased
water clarity and greater algal growth. It also appears that, at times, colored waters
derived from the Mud and Salt Slough watershed wetlands areas can contribute sufficient
color to the SJR and DWSC to reduce light penetration and thereby inhibit algal
photosynthesis. This may lead to significantly greater DO depletion in the DWSC than
would occur in the absence of the colored water.

Algal Nutrients. The concentrations of algal available nutrients (nitrate and soluble
orthophosphate) within the SJIR upstream of the DWSC and within the DWSC are at least
10 to 100 times surplus of those that are algal growth-rate-limiting. Algal growth within
the SJR and DWSC appears to be controlled by light limitation.

Temperature. Increases in temperature in the SJR and DWSC increase algal growth rates
and rates of DO depletion reactions. Increased temperature also decreases the solubility
of oxygen. Some of the year-to-year variations in DO depletion in the DWSC may be
related to temperature differences, which influence algal growth in the SJR watershed
and oxygen depletion within the DWSC.

A Strawman analysis of oxygen demand loads and impacts on DO depletions within the DWSC
shows that the planktonic algal concentrations present in the SJR at Mossdale are related to the
DO depletion at the Rough and Ready Island continuous monitoring station. High planktonic
algal chlorophyll a, which is correlated to high BOD at Mossdale as well as upstream in the SJR,
tended to be associated with the greatest DO depletion at the Rough and Ready Island station.

Using a deterministic model of oxygen demand loads and their impacts on DO in the DWSC, it
is found that increasing the flow of the SJR through the DWSC decreased the dissolved oxygen
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deficit within the DWSC. At SJR flows through the DWSC above about 2,000 cfs, there were
few DO depletions below the water quality objective. These modeling results are in accord with
the monitoring studies of the past three years and the past eight years of monitoring conducted by
the Department of Water Resources.

The magnitude of the oxygen deficit below the WQO has been found to be dependent on SJR
flow through the DWSC. In the SJR DWSC flow range between 500 and 1,500 cfs, the
interactions of flow, oxygen demand loads and oxygen depletion are not readily discernible
based on mass balance calculations. There is need for a more comprehensive sampling program
of oxygen demand loads and impacts to gain additional insight into the impact of SJR flow
through the DWSC on DO depletion.

The Interagency Ecological Program (IEP) has been monitoring various water quality parameters
in the Delta since 1971. Continuous monitoring of DO, temperature, electrical conductivity, etc.,
has been conducted at Rough and Ready Island for the past 19 years. A statistical examination
of these data shows that there is a strong correlation between DO depletion at the DWR Rough
and Ready Island monitoring station and the planktonic algal concentrations measured at
Vernalis. There were also correlations between the city of Stockton’s ammonia discharges to the
SJR and DO depletion at the Rough and Ready Island monitoring station.

Examination of the city of Stockton stormwater runoff oxygen demand concentrations shows that
there is sufficient BOD in stormwater runoff from the city of Stockton to add a substantial
oxygen demand load to the DWSC. It appears that a November 2002 DO depletion situation in
the DWSC was caused, at least in part, by city of Stockton stormwater runoff-associated BOD.

Examination of the dissolved oxygen concentrations found in the DWSC at the DWR Rough and
Ready Island monitoring station shows that DO depletions below the water quality objective
occur in the winter in some years. During 2002 and 2003, DO depletions at the RRI station
occurred below the WQO during January, February and/or March. In mid-February 2003, a
surface water DO of 0 mg/L was found at this station. Further, there was a period in late January
through early March 2003 when the surface water DOs at the RRI station were below 3 mg/L.
The low-DO conditions found in late January through early March 2003 were related to a large
winter algal bloom, city of Stockton wastewater ammonia discharges and low SJR DWSC flow.
During the low-DO period when there were low SJR flows through the DWSC, the SJR at
Vernalis flows were in excess of 1,800 cfs, which means that the low SJIR DWSC flows were
due to diversion of most of the SJR flow at Vernalis into the South Delta for export to Central
and Southern California.

Box Model Calculations of Load of Oxygen Demand and Oxygen Deficit

Calculations were made of the oxygen demand loads in the SJIR at Mossdale and discharged by
the city of Stockton in the City’s treated domestic wastewaters on the 43 dates that the City
conducted monitoring runs on the SJR DWSC and upstream during August through October
1999, and June through October 2000 and 2001. The average BODs measured in the SJR at
Mossdale during the summer and fall, from August 1999 through October 2001, was 3.7 mg/L.
The range was from 1.3 to 7.0 mg/L, with values less than about 2 mg/L occurring in October.
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The average sum of the chlorophyll a plus pheophytin a was about 64 pg/L during the three
summer/fall periods. The low values occurred in October.

The average flow of the SJR through the DWSC during summer/fall 1999, 2000 and 2001 was
about 930 cfs. The flows ranged from a low of 395 cfs to a high of 2,416 cfs. Many of the
values were in the range of 600 to 1,200 cfs. The average BOD, load over the three summer/fall
periods was 86,000 Ib/day, with the City’s contribution to this load averaging about 25 percent.
During the study period, the City’s percent contribution to the total load of BOD, to the DWSC
ranged from about 5 percent to about 54 percent. The City’s CBOD, plus NBOD, loads ranged
from about 3,000 1b/day to 30,000 Ib/day during the summer/fall months. The total BOD, load
(Mossdale + City) shows that this load, at times, especially under elevated SJR flows through the
DWSC, can be as much as 150,000 Ib/day. During 2002 the City’s monthly estimated oxygen
demand loads to the DWSC ranged from about 10 percent to 87 percent of the total oxygen
demand load to the DWSC.

The amount of oxygen that needs to be added to the DWSC to eliminate violations of the water
quality objective at various locations in the DWSC between Channel Point and Turner Cut has
been computed. While there were a number of sampling runs made in 2000 where there were no
deficits below the WQO, in 1999 over 78,000 Ib of oxygen would be needed to satisfy the deficit
that occurred on October 19. Similarly, on September 19, 2001, approximately 47,000 1b of
oxygen would be needed to satisfy the DO deficit below the water quality objective. The overall
average deficit below the WQO for the three-year study period was 20,000 Ib. The average
deficit, for those sampling runs where there was a deficit below the water quality objective, was
about 8,000 Ib of oxygen during 2000. During 2001, the average deficit, for those sampling runs
where there was a deficit below the water quality objective, was 22,000 Ib.

Atmospheric oxygen reaeration in the DWSC, with a 4 mg/L deficit from saturation, is about
4,500 Ib/day. The SOD in the DWSC is estimated to be on the order of 2,000 1b/day of dissolved
oxygen, which is at the upper end of the measured SOD values. On a per-unit-sediment-area
basis, the DWSC SOD is somewhat lower than that typically measured for other waterbodies.

Mass balance calculations of oxygen demand loads and oxygen sinks/exports from the DWSC
show that the total loads were on the order of 86,000 Ib/day, while the total sinks/exports were
on the order of 70,900 1b/day. On the average, there is about a 15,100 Ib/day difference between
the BOD, loads and the sum of the BOD, and DO deficit exports and in-channel deficits below
saturation. At this time, it is unknown whether this difference is largely due to sampling and
analytical variability or due to some other factor that is not yet understood.

Based on the results of the summer/fall 2000 studies of the Deep Water Ship Channel and
upstream SJR, the algal load from growth in the DWSC was found at times to be equal to that
from upstream sources. The algal growth in the DWSC is accompanied by oxygen production,
and therefore does not represent an additional oxygen demand load to the DWSC, since the
photosynthetically-produced oxygen is available to satisfy the increased oxygen demand caused
by the algae produced in the DWSC. Ordinarily the surface waters of the DWSC are
undersaturated with respect to DO and, therefore, photosynthetically-produced oxygen would
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remain in the water column and be available to satisfy oxygen demand. A possible exception to
this could occur during late afternoon, when short-term DO supersaturation could occur in the
surface waters due to algal photosynthesis that would result in some of the photosynthetically-
produced oxygen being lost to the atmosphere through gas transfer through the surface water air
interface. Algal growth within the DWSC is light-limited, where light penetration is primarily
controlled by inorganic suspended particles.

The relationship between SJR DWSC flow, oxygen demand loads and DO deficits on a
particular day is not readily discernible from the information available. The DO deficit is a
function of the interplay between SJR DWSC flow, oxygen demand loads, type of oxygen
demand loads (different forms of CBOD and NBOD), hydraulic residence time of the DWSC as
a function of SJR flow, algal growth in the DWSC, algae and detritus settling in the DWSC,
mixing in the DWSC, etc. At this time the relationships between these factors are not well
understood.

Sources of Oxygen Demand

During 2000 and 2001, studies were conducted in the SJR watershed upstream of Mossdale to
define the sources of oxygen demand that cause the SJR at Mossdale to have elevated oxygen
demand concentrations/loads. Based on SJR and its tributary monitoring and measured flows, it
was found that the primary sources of oxygen demand are discharges of algae from Mud and Salt
Sloughs to the SJR and the SJR watershed upstream of Lander Avenue (Highway 165). This
area consists of substantial irrigated agriculture and managed wetlands, which are used for
wildlife refuges and duck clubs.

Based on monitoring of planktonic algal chlorophyll a and BOD along the SJR from where Mud
and Salt Sloughs discharge to the SJR down to Vernalis, it has been found that the algae/oxygen
demand that are discharged by Mud and Salt Sloughs to the SJR continue to develop in the SJR,
ultimately leading to greatly elevated planktonic algal chlorophyll a and BOD concentrations and
loads at Mossdale. At times, 50 to 80 percent of the Mossdale loads of BOD originate from the
Mud and Salt Slough discharges to the SJIR and the SJR upstream of Lander Avenue. It has been
found that, on the average during the summers of 2000 and 2001, 11b of algal oxygen demand
discharged by Mud and Salt Sloughs to the SJR, as well as in the SJR at Lander Avenue,
develops into 8 1b of oxygen demand at Mossdale.

The eastside rivers (Tuolumne, Stanislaus and Merced Rivers) have been found to discharge
high-quality Sierra Nevada derived water to the SJR which has a low planktonic algal content
and oxygen demand concentration, and therefore are not a major source of oxygen demand
contributing to the low-DO problem in the DWSC.

The westside tributaries (except Mud and Salt Sloughs), such as Los Banos Creek, Orestimba
Creek and Spanish Grant Drain, have been found to contribute a small part of the oxygen
demand load and chlorophyll a to the SJR that ultimately are present in the SJR at Mossdale.
The Harding Drain (TID 5), an eastside tributary, has been found to contribute oxygen demand
to the SJR that is apparently not associated with algal chlorophyll a. This oxygen demand may
be due to upstream domestic wastewater discharges from Turlock and from dairies.
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From the information available, wastewater discharges and stormwater runoff from the large
municipalities in the SJR watershed upstream of Mossdale are not normally major sources of
oxygen demand that cause DO depletion in the DWSC during the summer and fall months.
These municipalities are prohibited from discharging wastewaters to the SJR or its tributaries
during the summer and early fall. During this time, the wastewaters are disposed of on land.
While there is normally no rainfall runoff in the SJR watershed from June through September,
there is a potential for municipal, commercial, industrial and agricultural stormwater runoff to be
a source of oxygen demand associated with the rainfall runoff events that typically occur in
October and November. Examination of the city of Stockton stormwater runoff-associated
oxygen demand loads shows that a stormwater runoff event lasting one to two days can add as
much BOD to the DWSC as is contributed from upstream of the DWSC sources during this same
period.

SJR Water Diversions

There are substantial municipal and agricultural diversions of SJR water upstream of the DWSC.
These diversions decrease the amount of SJR flow through the DWSC and therefore, increase the
hydraulic residence time of oxygen-demanding substances in the DWSC. This leads to reduced
oxygen demand assimilative capacity and greater DO depletion within the DWSC. All water
diversions and managed shifts from summer flow to spring flow that decrease the flow of the
SJR through the DWSC during the summer and fall below about 2,000 cfs contribute to the low-
DO problem in the DWSC. This is especially true during the time when there is a rapid decrease
in the SJR flow through the DWSC associated with the early June termination of the Vernalis
Adaptive Management Plan (VAMP) flows, as well as in the fall, when the South Delta barriers
are removed, which results in greater SJR flow down Old River.

There are several major upstream diversions, such as by the Central Valley Project (CVP) at
Friant Dam, the city of San Francisco and various irrigation districts, that are potential
contributors to the low-DO problem. While the impacts of low SJR flow through the DWSC
leading to low DO are well documented, at this time there is an inadequate understanding of the
impact of these upstream diversions on the flow of the SJR through the DWSC during the
summer and fall months and therefore the magnitude of the DO depletion below the WQO
associated with these diversions.

It has been found during the summer months that approximately 500 cfs of SJR water is diverted
for agricultural irrigation between where the Merced River discharges to the SJIR and Mossdale.
These diversions reduce the SJR flow through the DWSC and, therefore, contribute to the DO
depletion problems within the DWSC. At times from 25 to 50 percent of the SJR flow at
Vernalis, in the 1,000 to 2,000 cfs range, is diverted from the SJR for agricultural use upstream
of Vernalis. However, the SIR diversions below the confluence with the Merced River during
the summer also divert substantial amounts of algae/oxygen demand loads. It is estimated that
about 30,000 Ib/day of BOD, is diverted from the SJR between the Merced River and Mossdale,
associated with water diversions for agricultural use.
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The irrigation diversions are generally accompanied by some tailwater return to the SJR or its
tributaries. This has been estimated to be about 15 percent of the diverted water and about 20
percent of the SJR flow at Vernalis. The irrigation return water (tailwater) appears to contribute
about 2 percent of the chlorophyll a load in the SJR at Mossdale.

The federal Central Valley Project (CVP) and State Water Project (SWP) export through the
Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs of South
Delta water to Central and Southern California. The export pumping of South Delta water
artificially changes the flows in the South Delta which results in more of the San Joaquin River
going through Old River. These Old River diversions can significantly reduce the SJR flow
through the DWSC, thereby directly contributing to the low-DO problem in the DWSC.

An analysis of the 2002 and thus far 2003 SJR DWSC flow data shows that there were several
periods of low SJR flow through the DWSC, with flows less than 200 cfs. Examination of the
SJR at Vernalis flows during 2002 and 2003 shows that the low flows of the SJR through the
DWSC were not due to low SJR at Vernalis flows, but were due to diversion of most of the SJR
flow at Vernalis down Old River for export through the CVP and SWP. The export of South
Delta water, which led to very low SJR flow through the DWSC, was related to severe low-DO
problems in the DWSC.

Water Quality Modeling

Several water quality modeling approaches have been used in this study. They include mass-
balance box-model calculations of loads and responses, statistical evaluation of the 19-year IEP
database and deterministic modeling. A one-dimensional deterministic water quality model has
been developed for the DWSC which can be tuned to match somewhat the oxygen demand load
DO deficit response found in the DWSC. There are, however, significant deviations between the
tuned-modeling results for any particular year and the measured values at various times during
the year. It is unclear at this time whether these differences are related to problems with the
model structure and parameters and/or inadequate monitoring of the DWSC.

CALFED has funded two additional modeling efforts for the purpose of trying to improve this
modeling. This additional modeling includes an attempt to expand the modeling from a one-
dimensional to a two-dimensional model to account for the transitory thermal stratification that
occurs in the DWSC. There is a daily transitory thermal stratification that occurs in the near-
surface waters of the DWSC. However, this thermal stratification is lost each night. A critical
review of the existing data shows that, while there is no permanent vertical stratification with
respect to dissolved constituents other than oxygen, there is vertical stratification with respect to
particulate constituents, where the near-bottom waters normally have higher concentrations than
the mid-depth or surface waters. Attempts to develop a model based on a thermal stratification
driving force for the vertical changes in DO in the DWSC will likely prove to be unreliable,
since thermal stratification does not appear to be the primary cause of the changes in DO from
the near-surface waters to the near-bottom waters.

Long-term BOD measurements have shown that the BOD rate constants for waters taken from
the SJR upstream of the DWSC and within the DWSC are somewhat lower than those normally
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used for oxygen demand modeling. The long-term BOD measurements show that BOD exertion
did not show any lag due to a period of time associated with the death of algae and delayed BOD
exertion in the BOD test that has been found in other studies involving algae as a dominant
source of BOD.

There are significant questions about the reliability of using nitrification-inhibited BOD tests to
estimate the carbonaceous and nitrogenous BOD rate constants. The approach that should be
used to estimate these rate constants involves measurement of ammonia disappearance and
nitrate appearance within the BOD test. Rate constants developing using this approach should be
evaluated based on field studies involving Lagrangian monitoring of water masses as they pass
through the critical reach of the DWSC.

There is some indication that the rates of nitrification that occur within the DWSC are somewhat
elevated (enhanced) compared to a typical NBOD rate constant of 0.1 per day. If this is verified
through further studies during the summer, fall and winter, nitrogenous BOD, such as the city of
Stockton’s wastewater ammonia discharges, would cause a greater oxygen deficit in the DWSC
per unit BOD, load to the DWSC than would be predicted based on typical nitrification rate
constants. This is an area that needs further study in order to properly allocate the responsibility
of the oxygen demand loads between the City’s wastewater source and the upstream sources.

An issue that has not been addressed in these studies is the potential for zooplankton and clam
grazing of algae that could, at times, cause changes in phytoplankton concentrations. While not
quantified, there is some evidence for zooplankton grazing being potentially significant under
certain conditions. Current measurements and modeling have not measured or incorporated the
potential for zooplankton and clam grazing of phytoplankton as a factor that could influence
phytoplankton populations in the SJIR upstream of the DWSC and within the DWSC. Further, it
is possible that pesticide-caused zooplankton toxicity pulses that are found in the SJR and
DWSC influence zooplankton concentrations, which in turn influence phytoplankton
populations.

South Delta Barriers

Temporary rock barriers are installed each year in three Delta channels. These barriers trap
incoming tides to mitigate for the lowered water levels caused by the operation of the SWP and
CVP export pumps which draw Sacramento River water across the Delta. The barriers also are
meant to re-establish unidirectional flow in these channels to improve water quality. CALFED is
obligated to replace the temporary rock barriers with permanent operable barriers by 2007.
Modeling has been conducted of whether it would be possible to operate the permanent barriers
to raise the water level sufficiently in the South Delta so that a reverse flow of South Delta water
could occur into the SJR via Old River. It has been found that, through low-head, reverse-flow
pumping across the permanent barriers, there could be addition of South Delta water to the SIR
at Old River, which would increase the flow of the SJR through the DWSC. The reverse-flow,
low-head pumping approach would introduce higher quality Sacramento River water into the
South Delta and thereby, not only be a benefit to increasing the flow of the SJR through the
DWSC, but also to reducing the magnitude of the water quality problems that have been found in
the South Delta. This approach could potentially be used to help stabilize the flow of the SIR
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through the DWSC, and thereby minimize or eliminate the large changes in this flow that occur
at times associated with the operation of the South Delta barriers. Further, stabilized flow would
be an asset to managing aeration in the DWSC.

DO Water Quality Objectives

Currently, the Central Valley Regional Water Quality Control Board (CVRWQCB) Basin Plan
DO water quality objective (DO standard) is 5 mg/L at any time and location in the DWSC
between the Port of Stockton and Turner Cut during December 1 through August 31. During
September 1 through November 30, the DO objective is 6 mg/L. The 5 mg/L WQO is similar to,
but not the same as, the US EPA’s national water quality criterion for DO. The current US EPA
national water quality criterion for DO allows for averaging and for low-DO concentrations to
occur near the sediment water interface. The 6 mg/L WQO was adopted to protect the fall run of
Chinook salmon migration through the DWSC to their upstream home waters.

The CVRWQCB staff have proposed a Phase | TMDL water quality goal of a seven-day average
of the daily minimum DO concentration of 5 mg/L with no DO concentrations below 3 mg/L.
This goal would apply everywhere between Channel Point and Turner Cut for the time period of
June 1 through November 30. For the remainder of the year, the current water quality objective
of 5 mg/L at any time and location would be applicable as the Phase I target concentration. The
final water quality objective for the DWSC has not yet been determined. With respect to the
proposed interim DO concentration target for Phase I of the TMDL, there is concern that the
minimum 3 mg/L specified in the draft target may not be protective, where this value should be
raised to at least 4 mg/L as the minimum that can occur at any time and location.

Implications of Technical Studies for Managing the Low-DO Problem

The studies of the past three years plus other data have provided information that can be used to
formulate a management plan to control the DO problem in the DWSC. A summary of these
results is presented herein.

Port of Stockton. Since the DO depletion problems that occur in the first seven miles of the
DWSC below the Port of Stockton would not occur if the DWSC had not been dredged, it seems
appropriate that the future budget for the maintenance dredging of the DWSC performed by the
Corps of Engineers under its Congressional mandate, should be expanded for this reach of the
DWSC to include funds to control the low-DO problem created by the continued existence/
maintenance of the DWSC. Justification for this approach stems from the fact that, without
continued maintenance of the 35-foot deep DWSC, the DWSC would soon shoal and thereby
become better able to assimilate the oxygen demand loads that are delivered to it from the SJIR
upstream of the Port. The SJR upstream of the Port is 8 to 10 feet deep. It has the same oxygen
demand loads as the DWSC, but does not experience DO depletions below the water quality
objective.

Supplemental Aeration. Preliminary studies have shown that it appears to be technically and
economically feasible to provide supplemental aeration of the DWSC to control DO depletions
below the WQO. The box model calculations, Strawman analysis and the Brown evaluation of
aeration for the DWSC show that, based on the past three years’ data, on the average about 2,300

xvil



Ib/day of oxygen needs to be added to the DWSC to eliminate violations of the DO WQO.
Considering the worst-case conditions for DO depletion below the WQO found in the box model
calculations for data collected over the past three years, on the order of about 6,000 Ib/day of DO
would be needed to keep the DWSC from violating a WQO. Other approaches for estimating the
needed aeration have shown that, typically, a few thousand to ten thousand Ib/day of oxygen is
needed to eliminate WQO violations. It has been estimated that the amount of needed aeration
can be obtained for a construction cost of less than $2.5 million dollars, with annual operating
expenses of less than $500,000. An engineering evaluation leading to pilot studies of DWSC
aeration is needed to develop an aeration system that can control DO concentrations in the
DWSC above the WQO.

It 1s likely that a combination of supplemental aeration, upstream oxygen demand load control
and increased flow of the SJR through the DWSC will be used to control the low-DO problem in
the DWSC. It should be noted, however, that increased flow through the DWSC would require
increased amounts of aeration with the result that there is need to optimize increased flow versus
aeration to control the DO depletion problem in the most cost-effective manner.

Nutrient/Algae Control in the Mud and Salt Slough and SJR Upstream of Lander Avenue
Watersheds. It was found during the summer/fall 2000 and 2001 studies that the Mud and Salt
Slough and SJR upstream of Lander Avenue watersheds are the primary sources of algae/oxygen
demand that lead to the DO problem in the DWSC. There is little understanding at this time of
algal growth dynamics and nutrient sources that lead to high algal populations in discharges to
the SJR from these areas. There is need to conduct studies within these watersheds to understand
the specific sources of nutrients that lead to elevated concentrations of algae in the discharges
(from Mud and Salt Sloughs and the SJR above Lander Avenue) to the SJR that ultimately lead
to low-DO problems in the DWSC. Through such an understanding, it may be possible to effect
some control of the high algal concentrations/loads that are discharged to the SJR from these
watersheds during the summer/fall months that cause high oxygen demand in the DWSC.

It will be important to evaluate the relationship between decreased algae/BOD from the Mud and
Salt Slough and SJR at Lander Avenue watersheds and decreased algae/BOD concentration/load
at Mossdale. Guidance is provided in this Synthesis Report on the studies that should be done in
the Mud and Salt Slough watersheds to determine if it is economically feasible to control oxygen
demand loads from these watersheds that impact DO depletion in the DWSC. The recommended
approach involves the use of alum addition to bind the available phosphorus, thereby limiting
algal growth in the headwaters of the Mud and Salt Slough watersheds.

City of Stockton Wastewaters. The city of Stockton wastewater discharges of elevated ammonia
at times can be a significant contributor to the low-DO problem in the DWSC. The city of
Stockton’s wastewater oxygen demand load, which is principally in the form of ammonia, can
represent up to about 90 percent of the total BOD load to the DWSC. The CVRWQCB has
recently adopted a revised NPDES wastewater discharge permit for the city of Stockton that
limits the monthly average ammonia concentration in the effluent to 2 mg/L for aquatic life
toxicity reasons. The city of Stockton’s appeal of this permit to the State Water Resources
Control Board (SWRCB) was not supported by the Board. At this time, it appears that the city of
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Stockton may appeal the Board’s decision to the courts. If the permit is upheld, then the oxygen
demand load would be reduced by up to about 20,000 1b/day BOD,,.

While there can be little doubt that, when the city of Stockton is discharging 25 to 30 mg/L
ammonia nitrogen in its effluent to the SJR, and the SJR DWSC flows are a few hundred cfs or
less, the City’s wastewater ammonia oxygen demand loads are the principal source of oxygen
demand for the DWSC, there are questions about the significance of the City’s wastewater
oxygen demand loads as a cause of DO depletion in the DWSC when the concentrations of
ammonia in the effluent are a few milligrams per liter, especially when the STR DWSC flows are
above about 800 cfs. An issue that needs to be resolved is whether the City’s ammonia
discharges are subject to “enhanced” nitrification rates, which would lead to a greater proportion
of the ammonia being oxidized in the critical reach of the DWSC before it is diverted/diluted into
the Central Delta at Columbia Cut. This is an area that needs further study.

Additional Areas that Need Attention

In addition to those mentioned above, there are several areas that have evolved from the past
three and a half years’ studies that need attention through further studies. These are briefly
summarized below.

DO “Crashes” in the DWSC. At times there will be short-term DO depletions in the DWSC to
relatively low levels -- i.e., 2 mg/L. These DO “crashes” are particularly significant since they
may ultimately become the controlling DO depletions that must be managed. At this time, the
causes of the DO crashes are not understood, but may be related to pulses of higher-than-normal
algal concentrations in the SJR that enter the DWSC, or pulses of increased inorganic turbidity
that decrease light penetration in the DWSC and thereby reduce the oxygen produced by algal
photosynthesis in the surface waters of the DWSC. They may also be due to pulses of colored
waters released from upstream wetlands areas that decrease algal photosynthesis in the DWSC.
There is need for intensive field studies involving more frequent monitoring of sources and DO
depletion than has been conducted in the past three years. Such studies should be designed to
understand and thereby control the DO crash episodes that occur occasionally in the DWSC.

DO Depletions during the Winter. During the winters of 2001-2002 and 2002-2003 significant
DO depletions below the WQO have been found in the DWSC off of Rough and Ready Island.
There is need to understand the oxygen demand loads and other factors that lead to these low-DO
conditions.

DO Depletions within the South and Central Delta. There are DO depletions below the water
quality objective in some of the South Delta channels. The role of algal related oxygen demand
added to these channels from the SJR via Old River has not been determined. It could be part of,
or the primary cause of, the low-DO problems that are now occurring in the South Delta
channels. This is an area that needs investigation.

At times, especially under high SJR DWSC flow, large amounts of oxygen demand and oxygen
deficit are exported into the Central Delta at Turner Cut and especially Columbia Cut by the
cross-DWSC flow of the Sacramento River on its way to the South Delta to be exported to
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Central and Southern California by the State and Federal Projects. At this time, no studies have
been conducted to determine if low-DO problems are occurring in Turner Cut, Columbia Cut
and/or Middle River due to the oxygen demand loads from the DWSC. These studies are needed
as part of any implementation program that would alter flows through the DWSC. Particular
attention should be given to the Turner Cut situation since the SJR flows that enter Turner Cut
during ebb tide are not diluted to a significant extent by Sacramento River water.

Impact of Urban Stormwater Runoff Oxygen Demand Load on DO Depletion. City of
Stockton stormwater runoff has been found to contain about 14 mg/L BODs. It is estimated that
a 0.5-in storm in Stockton will result in a BOD load to the DWSC equal to the upstream BOD
load from the SJR DWSC watershed including the City’s wastewater treatment plant load. In
November 2002 several inches of rainfall occurred in the Stockton area. Prior to the rainfall the
DO in the DWSC was above the water quality objective. Within a few days the DO in the
DWSC was below the WQO for several weeks. At the same time the DO concentrations
decreased to low levels in the creeks and sloughs that drain Stockton rainfall runoff to the
DWSC. There were major fish kills in these waterbodies apparently because of low DO. It
appears that potentially significant DO depletion could occur in the DWSC associated with
rainfall-runoff-associated BOD derived from urban areas. This is an area that needs further
evaluation through examination of the DO concentrations as measured by the DWR Rough and
Ready Island monitoring station and the occurrence of fall-winter rainfall runoff events.

Development of a TMDL and its Technical Allocation

There is sufficient information to develop a technical TMDL to control the low-DO problem in
the DWSC. There is also sufficient information to allocate technical responsibility to tributary
river mouths for the sources of oxygen demand loads that cause DO depletion problems in the
DWSC. It is understood that the allocation may change somewhat during droughts. The
approach that can be used is to assign an oxygen demand load allocation to the city of Stockton
ammonia and the stakeholders in the Mud and Salt Slough and SJR at Lander Avenue
watersheds. This allocation would need to assume that worst-case SJIR flow and no aeration of
the DWSC occurs. To the extent that assured funding can be developed for aeration of the
DWSC from federal and/or state legislatures, the Port of Stockton and those who benefit from
the existence of the Port and/or those who divert water from the SJR upstream of the DWSC
(other responsible parties for the low-DO problem in the DWSC), the Mud and Salt Slough and
SJR at Lander Avenue watershed stakeholders’ oxygen demand load allocations can be reduced
accordingly. Further, the funding from the other responsible parties could also be used to
support the control of nutrients that lead to algae in the upstream watershed that are a significant
source of oxygen demand in the DWSC.

TMDL Phased Approach. The TMDL will be conducted in a phased approach where the first
phase will be largely devoted to obtaining additional information on the specific sources of
oxygen demand in the Mud and Salt Slough and SJR upstream of Lander Avenue watersheds,
and their potential control. Further, the initial phase of the TMDL will need to be devoted to
pilot studies of aeration of the DWSC to control the low-DO problem. In addition, an
engineering evaluation of the potential to achieve at least control of flow, if not enhanced flow,
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of the SJR through the DWSC will need to be conducted during the initial phase of the TMDL
implementation.

An important issue that will need to be addressed during the Phase I TMDL effort is the potential
secondary impacts of the programs that could be developed to control the low-DO problem in the
DWSC. Any study that is conducted to develop information needed to evaluate a potential
control program of the DO WQO violations in the DWSC should include studies to determine if
the control program could lead to other adverse impacts to the beneficial uses of the waters in the
SJIR, DWSC and/or South and Central Delta. This information will be needed as part of
developing the California Environmental Quality Act (CEQA) evaluation of potential control
programs.

The initial phase of the TMDL implementation will likely require about five years. At that time,
with continued substantial support of ongoing studies specifically directed toward evaluating the
implementation of control programs, it should be possible to formulate a low-DO management
program for the DWSC which would represent the final phase of the TMDL.

Phase I TMDL Monitoring

This report provides information on various aspects of the monitoring programs that will need to
be conducted as part of the Phase | TMDL. Monitoring programs are needed in the SJR DWSC
watershed, the DWSC and the South and Central Delta. The justification for comprehensive
Phase I monitoring efforts in these areas is provided, along with the characteristics of the
monitoring programs.

A monitoring program proposal, developed by some upstream watershed stakeholders, has
recently been submitted to CALFED to develop information needed as part of the Phase I TMDL
associated with defining the sources and transformations of oxygen-demanding materials in the
SJR DWSC watershed. This proposed monitoring program does not adequately consider the
existing information on the characteristics of the monitoring program needed to provide the
information on the sources and potential approaches for control and benefits of control of
upstream oxygen demand sources on reduced loads within the DWSC. The monitoring proposal
submitted to CALFED by the SJR upstream stakeholders contains, as one of its tasks, studies on
the transport and transformation of oxygen demand constituents between Mossdale and the
DWSC. This is an important study area that should be supported.

The proposal also contains several tasks, such as laboratory studies on algal growth dynamics
and an attempt to use isotopes to try to determine the origin of the oxygen demand, that should
not be supported. These tasks will not provide reliable or useful information for the Phase I
TMDL effort. The modeling task contained in this proposal is a duplication of the HydroQual
modeling project that has already been approved by CALFED. The CALFED proposal should
be the focus of the modeling effort.

The task devoted to monitoring of the SJR and its tributaries needs to be modified to better
support the modeling effort. Additional monitoring parameters such as zooplankton and other

grazing of algae should be added. One of the most important changes needed in the monitoring
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task is an increased frequency of monitoring to weekly, rather than every two weeks during the
summer and fall and monthly in the winter. The proposal monitoring frequency will be not be
adequate to provide needed information for the Phase I TMDL.

The proposal is significantly deficient in addressing one of the most important areas that needs
attention during the Phase I TMDL - i.e., defining the origin and potential for control of the algal
“seed” that develops in the Mud and Salt Slough and SJR upstream of Lander Avenue
watersheds that leads to the high algal BOD that develops in these waterbodies’ watersheds.
Information in this area will be needed to reliably define the potential to economically control
some of the oxygen demand loads from these watersheds. Without this information the TMDL
Phase II decisions on the control of oxygen demand in these watersheds will have to be made
without an adequate information base. The funds that are currently proposed for the laboratory
algal growth and isotope studies and the proposed duplication of the HydroQual modeling should
be shifted to support the increased monitoring frequency and the upstream oxygen demand
source definition and control studies.

Peer Review

An external peer review of the CALFED-supported studies was conducted by CALFED in June
2002. This report contains information pertinent to the organization and the results of the
external peer review that was conducted in June 2002. Also G. Fred Lee, as the CALFED
Directed Action project PI, provides responses to the issues raised by the peer review panel.
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Acronyms and Definitions

Biochemical Oxygen Demand (BOD) The dissolved oxygen consumed by biochemical
processes associated with the bacterial and other organism respiratory conversion of organic
matter to carbon dioxide, water and/or other forms of organics. It also includes the bacterial
conversion (nitrification) of ammonia to nitrite and nitrate. BOD is estimated based on
laboratory incubation of water samples where dissolved oxygen depletion is typically measured
at 5 (BODs) or 10 (BOD)) days. The ultimate BOD (BOD,) is estimated based on long-term
(20-30 day) laboratory BOD tests.

Deep Water Ship Channel (DWSC) The San Joaquin River has been dredged through
the Delta to the Port of Stockton to a depth of 35 feet. The dredged channel is called the Deep
Water Ship Channel or Stockton Deep Water Ship Channel. The primary area of the DWSC of
concern with respect to low dissolved oxygen is the reach of the channel between the Port of
Stockton and Columbia Cut/Disappointment Slough. Normally, the greatest concern for low DO
occurs between the Port of Stockton and Turner Cut.

Organic Detritus (Detritus) The remains of plants and animals and their particulate
waste products. This detritus can be a source of particulate oxygen demand and SOD.

Oxygen Demand The oxygen demand of a water is the sum of all of the processes that
consume dissolved oxygen. It is composed of the organic (carbonaceous) BOD, nitrogenous
BOD due to nitrification of ammonia, the death and decay of algae, and the oxygen consumed by
biotic and abiotic reactions associated with bedded and suspended sediment particles.

SJR DWSC Critical Reach The reach of the SJR DWSC where the DO falls below the
CVRWQCB WQO. This reach is normally the first seven miles below the Port of Stockton.

ac acre

ac-ft acre-feet

BOD biochemical oxygen demand

BOD:s five-day BOD

BODy ten-day BOD

BOD, BOD ultimate (~30-Day)

BPTCP Bay Protection & Toxic Cleanup Plan
CBOD carbonaceous BOD

CEQA California Environmental Quality Act
cf cubic feet

cfs cubic feet per second

CO, carbon dioxide

Corps/COE  US Army Corps of Engineers

CVP Central Valley Project (Federal Project)

CVRWQCB California Regional Water Quality Control Board, Central Valley Region (RWQCB)
CWA Clean Water Act
DFG California Department of Fish and Game
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DO
DOC
DWR
DWSC
EC

ft

ft/sec

g

H,O
Ib/day
m?

mgd
mg/L

mi

ng/L
pmhos/cm
uS/cm
m/sec
msl

N
NBOD
NEPA
NH;
nitrate-N
NOy
NOs
NPDES
0))

Org N

P

RRI
RWCF
RWQCB
SJR
SJR TAC
SOD

sq mi
SWP
SWRCB
TSS
TKN
TMDL
TOC

Acronyms (continued)

dissolved oxygen

dissolved organic carbon

California Department of Water Resources
Deep Water Ship Channel

electrical conductivity

feet

feet per second

grams

water

pounds per day

square meters

million gallons per day

milligrams per liter

miles

micrograms per liter

micromhos (reciprocal ohms) per centimeter
microsiemens per centimeter

meters per second

mean sea level

nitrogen

nitrogenous BOD

National Environmental Protection Act

. . . . . . +
un-ionized ammonia or ammonia, which is the sum of NH; plus NH4

nitrate-nitrogen

nitrite

nitrate

National Pollutant Discharge Elimination System
oxygen

organic nitrogen

phosphorus

Rough and Ready Island (location of DWR continuous monitoring station)

Regional Wastewater Control Facility (City of Stockton)
Regional Water Quality Control Board, Central Valley Region
San Joaquin River

San Joaquin River DO TMDL Technical Advisory Committee
sediment oxygen demand

square miles

State Water Project (State Project)

State Water Resources Control Board

total suspended solids

total Kjeldahl nitrogen = NHj; plus OrgN

total maximum daily load

total organic carbon
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USBR
UVM
USGS
VAMP
VSS
WQO

Acronyms (continued)

US Bureau of Reclamation
ultrasound velocity meter

US Geological Survey

Vernalis Adaptive Management Plan
volatile suspended solids

water quality objective

Conversion Factors

To Convert Multiply By To Obtain
acres 435 x 10" sq. ft.
acre-feet 3.26 x 10° gallons

cu ft/sec 4.49 x 10° gallons/min
feet 3.048 x 10’ cm

inches 2.54 cm

miles (statute) 5.28 x 10° ft

miles (statute) 1.609 km

pounds 4.54 x 10° grams

mgd 1.55 cfs
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Synopsis of the
Current Understanding of the Low-DO Problem in the
SJR Deep Water Ship Channel

The San Joaquin River, through the Sacramento/San Joaquin River Delta (see Figure 1), has been
dredged to a depth of 35 feet in order to enable ocean-going ships to transport bulk cargo to and
from the Port of Stockton at Stockton, California. This dredging significantly changed the
hydraulic characteristics of the San Joaquin River (SJR). Upstream of the Port of Stockton, the
San Joaquin River (undredged) is about eight to ten feet deep and does not experience DO
depletion below the water quality standard (objective) (WQO). Beginning at the Port, through
the Delta, a 35-foot dredged navigation channel greatly increases the hydraulic residence time of
water and its associated oxygen-demanding materials. This leads to a significantly reduced
oxygen demand assimilative capacity, which in turn leads to DO depletions below the water
quality objective for protection of fish and aquatic life for a distance of about seven miles from
the Port to Turner Cut (see Figures 2 and 3). Further, DO depletion below 6 mg/L potentially
inhibits the fall run of Chinook salmon through the Delta via the SJR DWSC to their home
waters in the SJR watershed. The DO violations of the water quality objective in the DWSC led
to the State Water Resources Control Board (SWRCB, 1999a) designating the DWSC between
the Port and Turner Cut as a Clean Water Act (CWA) section 303(d) “impaired” waterbody,
which in turn requires the development of a total maximum daily load (TMDL) to control the
violations of the DO water quality objective. Bain, et al. (1968) discussed the low-DO problem
in the San Joaquin River near Stockton. Lehman, et al. (2001) reported that low-DO conditions
have occurred in the first 10 miles or so of the SJR DWSC near Stockton for at least the past 30
years. Jones & Stokes (1998) presented a comprehensive review of the low-DO problem in the
DWSC.

The Central Valley Regional Water Quality Control Board (CVRWQCB) (SWRCB, 1999b), as
part of developing an approach for controlling the low-DO problems in the DWSC, provided the
opportunity for the stakeholders (dischargers of oxygen demand constituents, entities whose
activities influence the oxygen demand assimilative capacity of the DWSC, environmental
groups and others) to develop an approach which would include an allocation of responsibility
for solving the low-DO problem. The stakeholders organized the SJR DO TMDL Steering
Committee. The Steering Committee organized a Technical Advisory Committee (TAC).

In order to formulate a technically valid, cost-effective water quality management plan to control
dissolved oxygen concentrations below the water quality objective that occur in the San Joaquin
River Deep Water Ship Channel (DWSC), the TAC organized multi-year studies of the sources
of oxygen-demanding materials and the factors influencing how oxygen-demanding materials
added to the DWSC impact dissolved oxygen concentrations below the water quality objective in
the DWSC. With CALFED and other support, approximately $3.5 million has been spent over a
three-year period determining the constituents that are added to the DWSC that are responsible
for DO depletion below the water quality objective and the factors that influence the oxygen
demand assimilative capacity of the DWSC and thereby control the amount of allowable oxygen



Figure 1
Sacramento-San Joaquin River Delta
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Figure 2
Map of the Lower SJR and DWSC Study Area
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Figure 3
San Joaquin River Deep Water Ship Channel Watershed
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demand that can be added to the DWSC without causing DO depletions below the WQO. This
Synthesis Report summarizes the current understanding of oxygen demand sources and loads to
the DWSC and their impacts on DWSC DO concentrations. It also provides guidance to the
literature, which contains additional information on these issues.

The technical studies had two primary purposes. One was to determine the assimilative capacity
of the DWSC for oxygen-demanding materials of various types and under the various conditions
that can influence the oxygen demand load assimilative capacity of the DWSC. The other was to
provide a technical base of information upon which the Steering Committee and the CVRWQCB
could potentially assign a technical allocation of responsibility for control of oxygen-demanding
substances, and/or altered flow, as well as funding of an aeration system to control oxygen
depletion below the water quality objective. While it is understood that the responsibility for
solving water quality problems of this type may not necessarily be allocated based on strictly
technical reasons, such as the relative oxygen demand sources/loads of the constituents
responsible, this is an appropriate point to start the allocation of responsibility process.

Organization of the Studies

Appendix A presents a discussion of the evolution and organization of the studies that have been
conducted during 1999, 2000 and 2001 to define oxygen demand constituents, their sources,
impacts and factors influencing their impacts. As discussed, because of the short timeline for
development of a TMDL and its allocation among stakeholders, there have been significant
problems in conducting these studies within the timeframe allowed.

Physical and Hydrological Characteristics of the SJR and DWSC

Jones & Stokes (1998) provided a diagrammatic representation of the lower San Joaquin River
between the Head of Old River and Turner Cut associated with the DWSC. This diagram is
presented as Figure 4. At the Head of Old River, the SJR is about 150 feet wide. At the point
where the SJR enters the DWSC, it is about 250 feet wide. The average depth of the River
through this reach is about 8 to 10 feet. The volume of the River in this reach is about 2,500
acre-feet.

As presented by Jones & Stokes (1998), the reach of the DWSC of concern with respect to low
dissolved oxygen starts at the point where the SJR enters the DWSC at Channel Point (see Figure
2). It extends about seven miles to Turner Cut. The depth of the River in the DWSC increases to
a navigation depth of 35 feet. There is a section near Channel Point along Rough and Ready
Island where the River is dredged to 40 feet. The additional five feet below the navigation depth
is used as a sediment trap to collect part of the sediment loads that come into the DWSC from the
SJR. According to Jones & Stokes (1998), the volume of the DWSC between Channel Point and
Turner Cut is about 15,000 acre-feet. Over the past 30+ years, low DO concentrations have been
encountered in the DWSC to Turner Cut, and occasionally, below Turner Cut. However, as
discussed below, low DO concentrations have not been encountered below Disappointment
Slough/Columbia Cut (see Figure 2).



Figure 4

Characteristics of the Deep Water Ship
Channel (DWSC)

Turning Basin

150 feet
wide

Rough and
Ready Island

Deepwater San Joaquin
Ship Channel River
\Turner Cut Head of _~

Old River

from Jones & Stokes (1998)

As shown in Figure 4, associated with the DWSC is the (ship) Turning Basin. While the Turning
Basin is part of the DWSC, it has no significant tributary input, and, although tidal, it is treated
as an appendage to the DWSC, since the main flow path for the SJR is down the former SJR
channel from Channel Point to Disappointment Slough/Columbia Cut. Low dissolved oxygen
concentrations occur in the Turning Basin. While there is limited tributary flow into the Turning
Basin, there is significant tidal mixing of waters within, upstream and downstream of the
Turning Basin.

The flow of the SJR is gaged at Vernalis. Downstream of Vernalis part of the SJR at Vernalis
flow is split into Old River when the Head of Old River barrier is not in place (see Figure 2).
The remainder of the SJR at Vernalis flow, except for irrigation diversions and discharges,
passes through the DWSC. Lee and Jones-Lee (2000a) provided additional information on the
hydrology of the SJR relative to flows into Old River versus through the DWSC.

Appendix B presents the daily flows of the SJR through the DWSC during the study period 1999
through 2002. The 1999 through 2001 flows were estimated by R. Brown (pers. comm., 2002)
of Jones & Stokes based on the USGS UVM flow measurements which are made just upstream
of where the SJR enters the DWSC, and by C. Ruhl of the USGS for the 2002-2003 flow data.
Brown (2001) provides background information on the approach used to estimate SJR flows
through the DWSC when the UVM was not operating. The SJR flows through the DWSC are
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highly regulated based on upstream reservoir releases and agricultural as well as municipal
diversions. The federal Central Valley Project (CVP) and State Water Project (SWP) export
through the Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs
of South Delta water to Central and Southern California. The export pumps artificially change
the flows in the South Delta which results in more of the San Joaquin River going through Old
River. At Old River the State and Federal Projects can, depending on the barriers that are
located in the South Delta channels (see Figure 5), essentially take all of the water in the SJR at
Vernalis into Old River for diversion to Central and Southern California. As discussed below,
the State and Federal Project diversions of SJR water at Old River, as well as upstream
diversions and reservoir releases, have a highly significant impact on the amount of flow through
the DWSC. As shown in Appendix B, during the study period 1999-2001, the SJR flow through
the DWSC during the summer and fall typically ranged from a few hundred cfs to about 2,500
cfs, with many of the flows on the order of 700 to 1,200 cfs.

Table 1 provides information on the distances from Channel Point (where the SJR enters the
DWSC) to various locations upstream in the SJR and downstream in the DWSC. Of particular
concern to the studies reported herein is the location of the SJR Mossdale sampling station,
which is about 14 miles upstream from Channel Point; Old River, which is located about 12
miles upstream; and the city of Stockton’s wastewater discharge, which occurs about one mile
upstream. Turner Cut is located about seven miles downstream from Channel Point, and
Columbia Cut, about 10 miles downstream from Channel Point. The critical reach of the DWSC
with respect to DO depletion is the seven-mile reach between Channel Point and Turner Cut.

The SJR below Vernalis, but above Mossdale and the DWSC, is a freshwater tidal system with
about three-foot tides at Channel Point. Table 1 presents the estimated tidal excursions (range of
upstream to downstream movement with each tidal cycle) developed by Brown (2002a) in the
upper part of the DWSC near Rough and Ready Island and at Turner Cut. As shown, near
Rough and Ready Island the tidal excursion is about one mile, and it is about 2.5 miles at Turner
Cut. In the San Joaquin River just upstream of Channel Point the tidal excursion is estimated to
be about 2.8 miles. This means that the city of Stockton wastewater effluent is not carried
upstream to Old River so long as there is net downstream flow of the SJR through the DWSC.

Litton (2003) and Brown (2002a) have reported that at the maximum tidal flow of about 4,000
cfs, the DWSC velocity is about 0.2 to 0.25 ft/sec. The tidal action within the DWSC and the
SJR upstream to Mossdale, plays an important role in mixing of the River and DWSC. Brown
(2002a) reported that the SJR maximum tidal-induced velocity between Mossdale and Channel
Point is on the order of 1 ft/sec.

Based on the geometry of the SJR upstream of Channel Point and within various reaches of the
DWSC, Brown (2002a) estimated the hydraulic travel time in each reach as a function of SJR
flow through the DWSC. These estimates are presented in Figures 6 and 7. These travel times
are updated from those presented by Lee and Jones-Lee (2000a). As shown in Figure 6, the
hydraulic travel times between Mossdale and Channel Point are on the order of one to two days,
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Table 1
Distances from DWSC Channel Point

DWR City of Navigation Location Distance Tidal
Station | Stockton | Lt. Number (miles) Excursion*
No. Station (miles)
-- -- -- Mossdale -14.4 --
-- ROA -- Old River -12 --
-- ROB -- -- -8 --
-- R1 -- -- -7 --
-- -- -- French Camp Slough -2.6 --
-- R2 -- -- -1.5 --
-- -- -- Stockton Wastewater -0.9 2.8
Outfall
14 -- -- Turning Basin +1.1 --
-- -- -- Channel Point 0 --
13 R3 48 -- 0.2 --
-- R4 45 -- 1.1 1.25
12 43 -- 1.4 --

-- -- -- DWR Rough & Ready 1.8 --
Monitoring Station

Calaveras River 2.0 --
11 R5 41/42 -- 2.3 --
10 -- 39/40 -- 3.3 --
-- R6 35/36 -- 4.1 --
9 -- 33/34 -- 5.3 --
8 -- 27/28 -- 6.4 --
-- R7 23/24 Turner Cut 7.1 2 miles up
3 miles down
7 -- 19/20 -- 8.2 --
6 RS 17/18 -- 9.2 --
5 -- 13/14 Columbia Cut 10.4 --
4 -- 11/12 -- 11.5 --
3 -- 5/6 -- 12.7 --
2 -- 3/4 -- 13.5 --
1 -- 57 Prisoner’s Point 14.9 --

Based on NOAA Sacramento River and San Joaquin River Nautical Chart 18661 and information provided by R.
Brown (Jones & Stokes, 2002) and Casey Ralston, DWR (pers. comm., 2002)
*  Information provided by R. Brown (Jones & Stokes, 2002)
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provided that the flow of the SJR through the DWSC is in excess of about 750 cfs. At flows of
100 or so cfs, the hydraulic travel times can be on the order of 10 to 15 days.

From the information provided in Figure 7, for the SJR DWSC flows typically encountered
during the study period, which ranged from about 700 to 2,000 cfs, the hydraulic travel times
between Channel Point and Turner Cut are from about 12 days to 4 days. As discussed in a
subsequent section, this range of hydraulic travel times is important in determining the oxygen
depletion that occurs in the DWSC for a particular oxygen demand load to the DWSC.

The above discussion of hydraulic travel time or residence time refers to the movement of water
or dissolved substances through the SJR and/or the DWSC. As discussed in a subsequent
section, the travel time for particulate substances, such as algae and detritus, can be somewhat
longer than the hydraulic residence time. Litton (2003) has estimated that particles of
algae/detritus are transported through the DWSC in the near-bottom waters a factor of two to
three times slower than the hydraulic residence time.

DO Depletion in the DWSC

The California Department of Water Resources (DWR) Bay-Delta Monitoring and Analysis
Section has been conducting monitoring of dissolved oxygen at selected locations in the DWSC
at the surface and bottom about every two weeks during the late summer and fall since 1968
(Hayes and Lee, 2000). This program is part of the DWR Operations and Maintenance DO
Channel Program. This monitoring is referred to herein as the “Hayes cruise data.” The DWR
monitoring stations are shown in Figure 8. The data collected on these monitoring runs for the
period 1995 through 2002 are presented in Appendix C. According to Hayes (pers. comm.,
2003), the cruises are conducted so that the sampling at each of the stations is designed to
coincide with low water slack tide at that station. Recently Ralston and Hayes (2002) have
reviewed the fall DO conditions in the Stockton Deep Water Ship Channel for 2000.

Figure C-1 in Appendix C also shows the applicable water quality objective for the DWSC. The
objective for the period December 1 through August 31 is 5 mg/L at any time and location. For
the period September 1 through November 30, the objective is 6 mg/L at any time and location
between Channel Point and Turner Cut. As discussed by Gowdy and Foe (2002), this difference
is based on a State Water Resources Control Board decision designed to prevent DO
concentrations less than 6 mg/L from inhibiting the fall run of Chinook salmon through the
DWSC to their home waters in the eastside rivers (Stanislaus, Merced and Tuolumne Rivers).

The Appendix C Hayes cruise data have been reduced to a multi-page figure (Figure 9) which
summarizes the DO depletion below the water quality objective for selected locations in the
DWSC. The Hayes cruise data provide information on the occurrence, frequency and location of
DO depletions below the water quality objective for the period 1995 through 2002 in the late
summer and fall for surface and bottom waters. Figure 9 presents shaded areas showing the
duration and magnitude of DO concentrations below the WQO for nine stations from
downstream to upstream. The duration of each incidence is interpolated between the sampling
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Figure 8
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Location July August September October November
Avg. BODu Load to DWSC (Ib/day)

Flow of SJR to DWSC (cfs)| 200-700 100 -- 800 500 -- 1000 1000 -- 1800 85 -- 1700
Light 4 (Station 2) | | | | 1 |
Light 14 (Station 5) I | | | I |
Light 18 (Station 6) | | I I | I
Light 15 (Station 7) H i I H H i
Light 34 statons) [ IR e | k|
Light 40 (station 10) [ I | | 1 i |
Light 41 (station 11) [ T Y | | 1 = |
Light 43 staton 12 [ T I | I I B |
Light 48 (station 13) [N | I | 1

| Monitoring Period and Sampling Event
| DO 0 to 0.5 mg/L below Water Quality Objective

] DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 2002

Location July August September October November
Avg. BODu Load to DWSC (Ib/day)

Flow of SJR to DWSC (cfs)| 200-700| 100 -- 80D 500 -- 1000 1000 -- 1800 85 -- 1700
Light 4 (Station 2) | | 1 | | |
Light 14 (Station 5) | | | 1 1 |
Light 18 (Station 6) | 1 | | 1 |
Light 19 (Station 7) | | I I 1T 1
Light34satons) [ 7 R | i |
Light 40 (station 10) [ I 1 B
Light 41 (station 11 [ I I I i |
Light 43 (station 12) [ I ] I I - |
Light 48 (station 13) [ T I | I I = |

[__T_T Monitoring Period and Sampling Event
DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 2001
Location August September October November Dec.

Avg. BODu Load to DWSG (biday) 36,600 59,000 62,000

Avg. Flow of SJR to DWSC (cfs) 600 700 — 1,100 790 — 1,700

Light 4 (Station 2) 1 | | | | |
Light 14 (Station 5) 1 I T 1 1 1
Light 18 (Station 6) 1 | 1 1 1 1
Light 19 (Station 7) 1 1 | | 1 1
Light 34 (Station 9) I I I |

Light 40 (Station 10) | | I 1
Light 41 (Station 11) I | | 1
Light 43 (Station 12) 1 1 | 1
Light 48 (Station 13) I | | 1

Monitoring Period and Sampling Event
DO more than 1 mg/L below Water Quality Objective
Incidence of Dissolved Oxygen below WQO
Bottom Water 2001
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 36,600 59,000 62,000

Avg. Flow of SJR to DWSC (cfs) 600 700 — 1,100 790 — 1,700
Light 4 (Station 2) | |
Light 14 (Station 5) [ 1
Light 18 (Station 6) I |
Light 19 (Station 7) I |
Light 34 (Station 8) I |
Light 40 (Station 10) | ]
Light 41 (Station 11) I j
Light 43 (Station 12) | 1
Light 48 (Station 13) | [ | | | |

__] Manitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 2000
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 43,000 40,000 51.000 — 125,000 — 27,000

Avg. Flow of SJR to DWSC (cfs) 770 — 1,350 1,300 1,900 — 600
Light 4 (Station 2) L | | | 1 I |
Light 14 (Station 5) [ | | [ | ] ]
Light 18 (Station 6) | I | 1 I | |
Light 19 (Station 7) | | 1 | | | |
Light 34 (Station 9) | | 1 | | | |
Light 40 (Station 10) [ | I [ I | |
Light 41 (Station 11) I I | | | 1 1
Light 43 (Station 12) I | | | | | |
Light 48 (Station 13) L | | | | | |

Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/l. below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 2000
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day) 43,000 40,000 51,000 — 125,000 — 27,000

Avg. Flow of SJR to DWSC (cfs) 770 — 1,350 1,300 1,900 — 600
Light 4 (Station 2) | [ | | | |
Light 14 (Station 5) I | | | | |
Light 18 (Station &) | | I I | 1
Light 19 (Station 7) | | | | 1 |
Light 34 (Station 9) I 1 | 1 | |
Light 40 (Station 10) | | | | I |
Light 41 (Station 11) L 1 | | | 1
Light 43 (Station 12) I | | 1 | |
Light 48 (Station 13) | | | 1 | ]

| Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quali

DO 0.5 to 1 mg/L below Water Quality Object

Object

ve

Ve

DO more than 1 mg/L below Water Quality O

bjective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1999

Location August September October November Dec.

Avg. BODu Load to DWSC (Ib/day) 64.600 132,000 — 46000 70,800

Avg. Flow of SJR to DWSC (cfs) 940 1,100 — 400 570

Light 4 (Station 2) l | l | I l | 1 |

Light 14 (Station 5) [ | 1 | | | | | |

Light 18 (Station 6) [ | 1 | | | | | |

Light 19 (Station 7) I I | | | I 1 | 1

Light 34 (Station 9) |

Light 40 (Station 10)

Light 41 (Station 11)

Light 43 (Station 12)

Light 48 (Station 13)

| Monitoring Period and Sampling Event

. DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objeclive

DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 1999

Location August September October November Dec.

Avg. BODu Load to DWSC (Ib/day) 64,600 132,000 — 46000 70,800

Avg. Fiow of SJR lo DWSC (cfs) 940 1,100 — 400 570

Light 4 (Station 2) [ I { ] I | | 1 1

Light 14 (Station 5) ! | | | | | | | |

Light 18 (Staticn 6) | | | | | i | 1 |

Light 19 (Station 7) [ | | | | 3 | | |

Light 34 (Station 9)

Light 40 (Station 10)

Light 41 (Station 11)

Light 43 (Station 12)

Light 48 (Station 13)

Monitoring Period and Sampling Event

DO 0 to 0.5 ma/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1998

Location August September October November Dec.
Avg. BODu Load o DWSC (Ib/day)

Avg. Flow of SJR to DWSC (cfs) 1,500 2,000 2,500 1,000 2,000
Light 4 (Station 2) I | 1 1 |
Light 14 (Station 5) I | | 1 |
Light 18 (Station &) | | | 1 |
Light 19 (Station 7) I | | I 1
Light 34 (Station 9) | | | | 1
Light 40 (Station 10) [ | 1 | 1
Light 41 (Station 11) | I 1 1 |
Light 43 (Station 12) | | 1 1 |
Light 48 (Station 13) | | 1 1 |

| | Monitoring Period and Sampling Event
“ . DO O to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO

Bottom Water 1998
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)

Avg. Flow of SJR to DWSC (cfs 1,500 2,000 2,500 1,000 2,000
Light 4 (Station 2) | | | | | |
Light 14 (Station 5) | ] | | | |
Light 18 (Station 6) [ [ I I | |
Light 19 (Station 7) i | 1 | i 1
Light 34 (Station 9) | | | | |
Light 40 (Station 10) | | | 1 | |
Light 41 (Station 11) [ | j | | ]
Light 43 (Station 12) I I I | | |
Light 48 (Station 13) | | | | | |

[T T Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 1997
Location August September October November Dec.
Avg. BODu Load to DWSC (lb/day)
Avg. Flow of SJR to DWSC (cfs) 900 900 700 400 500
Light 4 (Station 2)
Light 14 (Station 5)
Light 18 (Station 6)
Light 19 (Station 7)
Light 34 (Station 9)
Light 40 (station 10)
Light 41 (Station 11) T Em
Light 43 (Station 12)
Light 48 (Station 13)
|_I [ Monitoring Period and Sampling Event
3 DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective
DO more than 1 mg/L below Water Quality Objective
Incidence of Dissolved Oxygen below WQO
Bottom Water 1997
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)
Avg. Flow of SJR to DWSC (cfs) 900 900 700 400 500

Light 4 (Station 2)
Light 14 (station 5)
Light 18 (Station 6)
Light 19 (Station 7)
Light 34 (Station 9)
Light 40 (Station 10)
Light 41 (Station 11)
Light 43 (Station 12)

Light 48 (Station 13)

| Meonitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO
Surface Water 1996

Location August September October November
Avg. BODu Load to DWSC (Ib/day)
Aug. Flow of SJR 1o DWSC (cfs)| 600 700 1,600 1,500

Light 4 (Station 2) | I | | | | 1
Light 14 (Station 5) I | | | | | f
Light 18 (Station 6) I 1 | | | I 1
Light 19 (Station 7) I 1 | | | 1
Light 34 (Station 9) I 1
Light 40 (Station 10) | 1
Light 41 (Station 11) | 1
Light 43 (Station 12) | 1
Light 48 (Station 13) I 1

L_L_I Monitoring Period and Sampling Event ____ |

i DO 010 0.5 mg/L below Water Quality Objective

Wno 0.6 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective |
Incidence of Dissolved Oxygen below WQO
Bottom Water 1996
Location August September October November
Avg. BODu Load to DWSC (Ib/day)

Avg. Flow of SJR to DWSE (cfs) 600 700 1,600 1,500
Light 4 (Station 2) | ]
Light 14 (station 5) I i
Light 18 (Station 6) | |
Light 19 (Station 7) | |
Light 34 (Station 9) | 1
Light 40 (Station 10) | |
Light 41 (Station 11) | |
Light 43 (Station 12) I |
Light 48 (station 13) | |

Monitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO mere than 1 mg/L below Water Quality Objective
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Incidence of Dissolved Oxygen below WQO

Surface Water 1995
Location August September October November Dec.
Avg. BODu Load to DWSC (Ib/day)
| Avg. Flow of SJR to DWSC (cfs) 900 1,400 2,500 400 500

Light 4 (Station 2) | | I 1 | |
Light 14 (Station 5) | I | | | |
Light 18 (Station 6) | | | ] | |
Light 19 (Station 7) | I | I | 1
Light 34 (Station 9) | 1 1
Light 40 (Station 10) L | | I I ]
Light 41 (Station 11) | 1 1 | | 1
Light 43 (Station 12) | | | 1 | |
Light 48 (Station 13) l l 1 | | 1

Manitoring Period and Sampling Event

DO 0 to 0.5 mg/L below Water Quality Objective

DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective

Incidence of Dissolved Oxygen below WQO
Bottom Water 1995
Location August September October November Dec.
Avg BODu Load to DWSC (Ib/day)

Avg_ Flow of SJR to DWSG (cfs) 900 1,400 2,500 400 500
Light 4 (Station 2) 1 | |
Light 14 (Station 5) I | 1
Light 18 (Station 6) | I |
Light 19 (Station 7) 1 1 1
Light 34 (Station 9) 1 1 |
Light 40 (Station 10) | 1 |
Light 41 (Station 11) I | 1
Light 43 (Station 12) | | 1
Light 48 (Station 13) | 1 1

[T [ Monitoring Period and Sampling Event
DO 0 to 0.5 mg/L below Water Quality Objective
DO 0.5 to 1 mg/L below Water Quality Objective

DO more than 1 mg/L below Water Quality Objective
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events, which are depicted as vertical bars. The estimated BOD, loading (Ib/day) and average
daily flow for the indicated month are also presented.

As discussed in a subsequent section, there are also significant DO depletions below the WQO
during the early summer, and occasionally in the winter and spring. Examination of the Hayes
cruise data presented in Appendix C and Figure 9 shows that, during some years, there is
significant DO depletion below the water quality objective that is applicable to the time and
location of monitoring.

Appendix D contains a detailed presentation and discussion of the DWR Rough and Ready
Island (RRI) continuous DO monitoring data for 2002. It is of interest to compare the RRI DO
monitoring results to those of the Hayes cruise data during the summer and fall 2002. On July
23, 2002, the low point of the Hayes-measured DO data was near Rough and Ready Island.
Examination of the July 23, 2002, Hayes cruise data for Light 41, which is the position that is
near the DWR Rough and Ready Island monitoring station, shows that the measured DO by
Hayes cruise personnel in the surface waters was between 5 and 6 mg/L, while the bottom waters
were just below 5 mg/L. At that same time, the DWR RRI station showed a DO as high as 9
mg/L in the late afternoon, to about 3 mg/L by early the following morning. The next two days
shows the substantial diel DO changes that were occurring at that location, from 3 to about 8
mg/L —1.e., a diel DO swing of about 5 mg/L.

The conclusion is that, at this time, the Hayes cruise data collected about noon near the DWR
RRI station did not properly reflect the extremes in DO that occurred over a 24-hour period, and
especially did not reflect the fact that the DO measured at about noon was about 3 mg/L higher
than the DO that occurred earlier that morning or the following morning. This change is
important since, by midday, it would be concluded based on the Hayes cruise data that the DO is
above the water quality objective, yet in early morning it is substantially below the water quality
objective.

On August 20, 2002, the Hayes cruise data showed DO concentrations near RRI of around 4
mg/L on the surface, and about 3.5 mg/L near the bottom. Rough and Ready Island monitors on
that same day showed a DO as low as 2 mg/L, with a peak near 5 mg/L. The noon value, which
is about when the Hayes data were collected, was between 3 and 4 mg/L, with a rapid increase
from about noon until late afternoon. Again, the Hayes cruise data do not reflect the extreme
low DO values that were occurring on the same days as the cruise, during the early morning
hours. As in July, the minimum DO for the Channel occurred near Rough and Ready Island,
with the result that the RRI station was measuring worst-case DO conditions for the Channel.

A Hayes cruise was conducted on September 5, 2002. DO concentrations were measured in the
surface and bottom between 3 and 3.5 mg/L, with the lowest DO values occurring in the vicinity
of the DWR RRI monitoring station. The DO measured by the DWR RRI monitoring station
ranged from about 2.8 to 4 mg/L, with somewhat less diel change than found on previous
cruises.
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A Hayes cruise occurred on September 19, 2002. The data for the surface near the Rough and
Ready Island monitoring station showed a DO concentration of 6 mg/L, while near the bottom
the DO was about 4.3 mg/L. This time the location of the minimum DO for the Channel had
shifted downstream from the RRI monitoring station. The September 5, 2002, flow of the SJR
through the DWSC was 512 cfs, while by the 19th, the flow was 738 cfs. The September 19
monitoring showed DOs at RRI of 4 to 6 mg/L, with a mean value of about 5 mg/L. This is
similar to what was measured by the Hayes cruise.

A Hayes cruise took place on October 7, 2002. The DO measured at the RRI station in the
surface and bottom waters was just above and below 8 mg/L.. However, the position of the
minimum DO had now shifted to Light 19, which is just below Turner Cut. On October 7, 2002,
the SJR flow through the DWSC was 1162 cfs. It is evident that, in the 500 through about 700
cfs range of SJR DWSC flows, the minimum DO begins to shift downstream below the RRI
monitoring station. By 1100 cfs, the minimum DO is downstream of Turner Cut. The DO
values measured at the RRI station by Hayes cruise personnel of about 8 mg/L on October 7
were much higher than the 2.5 mg/L that was measured at the RRI station. There may, however,
have been some problems with the RRI station response during this time, since the pattern of DO
versus time during the day, while showing a small diel change, appears to have been in error.

A Hayes cruise took place on October 22, 2002. The DO near the RRI station in the surface
waters was about 11 mg/L, while the bottom waters had just above 8.5 mg/L DO. The minimum
DO was still downstream, just below Turner Cut. The SJR DWSC flow was 1391 cfs. On
October 22, the RRI station was showing a DO minimum of about 8.5, with a maximum in late
afternoon of 11 mg/L. While the Hayes data gave the impression that there was adequate DO in
the DWSC, actually, the DO just below Turner Cut was likely in violation of the WQO in the
early morning, since by late morning it was measured in the Hayes cruise at 6 mg/L.

A Hayes cruise took place on November 21, 2002. This time the minimum DO was located near
the RRI monitoring station. The SJR DWSC flow was 85 cfs. The surface DO measured by
Hayes cruise personnel at this station was about 5.5 mg/L, with the bottom DO at about 4.9
mg/L. On November 21 the DWR RRI station measured DO concentrations just below and just
above 5 mg/L, which is similar to the Hayes data taken at about noon. These data do not reflect
the fact that there were significant water quality objective violations at this location on this date.

Hayes (pers. comm., 2003) provided the following information on the low DO situation that was
occurring in mid-February 2003:

“Strikingly Low Dissolved Oxygen Levels Detected Within the Eastern Stockton Ship
Channel- In response to recent fish kills within the Stockton Ship Channel and sustained
low winter dissolved oxygen levels detected at the Continuous Compliance Monitoring
Station at Rough and Ready Island, Bay-Delta Monitoring and Analysis Section staff
conducted a dissolved oxygen (DO) study in the Channel at low-water slack on February
18th using the San Carlos. Surface and bottom DO levels in the western Channel from
Prisoner’s Point to Columbia Cut (Light 14) were robust at > 9.0 mg/L due to tidal
mixing and relatively cool water temperatures (11-12°C). Within the central Channel,
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surface and bottom DO levels dropped from > 8.0 mg/L west of Turner Cut (Light 19) to
3.0 mg/L at the surface and 2.0 mg/L at the bottom at Fourteen Mile Slough (Light 34).
Within the eastern portion of the Channel from Buckley Cove (Light 40) to the middle of
Rough and Ready Island (Light 43), DO levels were strikingly low at the surface (<3.0
mg/L) and at the bottom (<2.0 mg/L). A minimum surface DO of 1.4 mg/L and bottom
DO of 0.2 mg/L were measured at the western end of Rough and Ready Island (Light 41).
Low San Joaquin River inflows to the eastern Channel, slightly warmer water
temperatures (12-13°C), an ongoing algal bloom within the eastern Channel, and
reduced tidal circulation all appear to be contributing to the anomalous mid-winter DO
findings within the central and eastern portions of the Channel. However, the lack of DO
stratification within the Channel indicates that factors other than the ongoing algal
bloom may be contributing to these values. The results of nutrient and BOD samples are
pending, and follow-up studies are anticipated.”

From this information it appears that the low-DO conditions that occurred in the DWSC during
late January and February 2003 were associated with an algal bloom, low SJR flow through the
DWSC and city of Stockton wastewater discharges of ammonia. This issue is discussed in
another section of this report.

Overall, it can be concluded that the Hayes cruise data, which involve discrete sampling at
selected locations at one time during the day, where in the critical reach the readings are made in
late morning through early afternoon, are not a reliable indicator of the minimum DO that occurs
near the Rough and Ready Island station under SJR DWSC flow conditions of less than about
600 cfs, when the minimum DO has been found to occur in 2002 off of Rough and Ready Island.
Further, under periods of SJR flow through the DWSC greater than about 700 cfs, the minimum
DO values measured at the RRI station are elevated above the actual minimum DOs that are
occurring in the Channel, as a result of the minimum DO concentrations having shifted
downstream of Rough and Ready Island.

Several general trends are evident from a review of the Hayes cruise data:

e Frequently, the DO concentrations below the water quality objective occur off of Rough
and Ready Island near the beginning of the DWSC, and may extend to Turner Cut (DWR
station 7).

e The point of greatest DO depletion tends to be shifted downstream toward Turner Cut
with increased SJR flow through the DWSC.

e DO concentrations below the applicable water quality objective do not occur downstream
of Disappointment Slough/Columbia Cut, and rarely occur downstream of Turner Cut.

e Frequently, there is slightly greater DO depletion below the water quality objective in the
near-bottom waters than in the surface waters. Foe, et al. (2002) found, upon
examination of the temperature and DO data from 615 DWR Hayes cruises conducted
since 1983, that there was on average about a 0.3 mg/L difference in DO between the
surface and bottom waters in the critical reach of the DWSC. This difference is not
related to thermal stratification within the DWSC, but relates to inadequate mixing of the
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water column by tidal currents, algal photosynthesis in the near-surface waters and
suspended particulate BOD in the near-bottom waters.

e During those “wet” years (e.g., 1998, 2000) when the SJR flows through the DWSC were
in excess of about 2,000 cfs, DO depletions below the water quality objective rarely
occurred.

e During “dry” years or when the SJR was essentially completely diverted down Old River
(i.e., the flows in the SJR through the DWSC were a few hundred cfs), the DO depletion
in the DWSC was the greatest, with some values below 2 mg/L.

e The Port of Stockton Turning Basin which is an extension of the DWSC frequently has
higher algal concentrations in the surface waters. This can lead to significant DO surface
water supersaturation. Further, the bottom waters of the Turning Basin frequently show
greater DO depletion than the main channel. Because of tidal water excursion, Turning
Basin waters are mixed to some extent with main channel waters with each tidal cycle.

During the study period (1999 to 2001), the city of Stockton conducted about weekly monitoring
runs through the DWSC during part of the summer and fall. These data have been presented by
the city of Stockton (Jones & Stokes 2000, 2001, 2002). The locations of the City’s sampling
stations are shown in Figure 10. This figure also shows the DWR Hayes cruise data sampling
locations. The City only measured DO at mid-depth at each of its sampling locations. A
summary of the City’s data is presented in Appendix D. These data also show that, at times and
locations during the study period, there are significant violations of the DO water quality
objective at mid-depth in the DWSC.

A third set of monitoring data for the DWSC occurs at the DWR Rough and Ready Island
continuous monitoring station (http://iep.water.ca.gov/cgi-bin/dss/dss1.pl?station=RSANO058).
Van Nieuwenhuyse (2002) has presented a summary of the DWR Rough and Ready Island DO
and temperature measurements for the period 1983 to 2001. He has also presented a discussion
of these data relative to factors that may be influencing DO within the DWSC. Lee and Jones-
Lee (2003a) have presented the Rough and Ready Island DO monitoring data for 2002. A
discussion of these data is presented in Appendix D.

As a result of how this monitoring station samples the water for DO measurements, this
monitoring station measures a somewhat undefined integration of the dissolved oxygen
concentrations in about the upper third of the water column. During periods of high algal
concentrations in the surface waters, the near-surface DO concentrations in the late afternoon at
the monitoring station would be greater than that reported, and the early morning DO
concentrations in the near-surface waters would be less than that reported by the station. These
changes are due to the diel photosynthesis/respiration that occurs in the near-surface waters of
the DWSC. Examples of the diel photosynthesis/ respiration data obtained for the DWSC have
been presented by Jones & Stokes (2001, 2002). The daily DO change in the upper three feet of
water can be on the order of 3 to 4 mg/L. Further, the DO concentrations near the sediments at
the monitoring station can be significantly less than that reported for the Rough and Ready Island
monitoring station.
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Figure 10
Sampling Locations in San Joaquin River
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Foe, et al. (2002) have provided a detailed review of the DO concentration violations below the
water quality objective for the period 1983 through 2001 for the DO measurements made at the
DWR Rough and Ready Island station. They have focused on a comparison between the
minimum DO found each day and the WQO. Overall, there is significant DO depletion below
the water quality objective typically occurring during the summer and fall months in the first
seven miles of the DWSC. In accord with Clean Water Act TMDL requirements, the
CVRWQCB must develop a management program to eliminate the violations of the water
quality objective within the DWSC.

Additional information on more recent dissolved oxygen concentration WQO violations in the
DWSC has been obtained through examination of the DWR RRI 2002 monitoring data. These
data are presented in Appendix D. Examination of Appendix D shows that there were
appreciable DO concentration violations below the WQO in the DWSC at the RRI station during
the period June through November 2002. During the summer months, at times the diel DO
swing was as much as 7 mg/L. Further, during mid-February through early March 2002, DO
concentrations at the RRI monitoring station were below the water quality objective.

Beginning in mid-January through early March 2003, there were severe DO depletions below the
water quality objective at the RRI monitoring station. A low DO concentration of 0 mg/L was
recorded during this period. The DO concentrations in the surface waters near the RRI station
were above the WQO at the beginning of January 2003. There was a steady decline in the DO
concentrations through the month, which extended into early February, with DO concentrations
around 2 mg/L during the first week of February. By mid-February, the DO concentrations at
the RRI station were near 0 mg/L each morning, with a slight diel increase each day. It was not
until early March that the minimum DOs increased above the WQO of 5 mg/L.

Oxygen Demand Constituents

The constituents responsible for causing DO depletion in the DWSC below the WQO are
carbonaceous biochemical oxygen demand (CBOD) and nitrogenous BOD (NBOD). Figure 11
presents the chemical reactions involved.  Organic chemicals that can be used by
microorganisms as a source of energy through respiratory reactions constitute the CBOD. The
NBOD is composed of organic nitrogen compounds that are converted to ammonia, where this
ammonia undergoes nitrification reactions (conversion to nitrate). Nitrification is a biochemical
process that is carried out by microorganisms that utilize dissolved oxygen in converting
ammonia to nitrite and then to nitrate.

The potential significance of aquatic plant nutrients (nitrogen and phosphorus) as an ultimate
source of oxygen demand is shown in equation (1).

(CH;0)106(NH3)16H3PO4 + 138(0,) => 106CO; + 122H,0 + 16HNO3 + H3PO4 (1)

The typical stoichiometry (composition) of algae is 106 C, 16 N to 1 P, on an atomic basis (see
Table 2). The death and decay of an algal stoichiometric molecular unit with complete
mineralization will consume 138 oxygen molecules. Algae represent potentially significant
sources of CBOD and NBOD. Chlorophyll a to carbon ratios range from 10 to 50 pg
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chlorophyll a per mg C. Based on the studies of King (2000), it has been found that about 10
ug/L of chlorophyll a is equivalent to about 1 mg/LL BODs. This is the value that has been found
for the chlorophyll a plus pheophytin a to BODs ratio for the DWSC (see Appendix E).
Pheophytin is an algal chlorophyll pigment that has lost the magnesium atom. It is an indication
of dead algae. Each mg/L of algae yields a theoretical oxygen demand of 1.2 mg/L, where about
25 percent of the oxygen demand is due to the nitrification of organic nitrogen in the algae to
nitrate. As part of this mineralization, 16 atoms of nitrogen and one phosphorus atom are
released. One mg/LL ammonia N or organic N can consume 4.57 mg/L O, as part of nitrification
of the ammonia to nitrate. One mg C in the form of organic matter that is oxidized to CO,
requires about 2.7 mg O,.

Figure 11
Oxygen Demand Constituents

C-BOD — Carbonaceous Biochemical Oxygen Demand

Bacteria

Organic + Op — > COp + Hy0 Respiration
N-BOD — Nitrogenous Biochemical Oxygen Demand

NHs + O, £2¢m2, NO5™ Nitrification
Organic N 22, NHg Ammonification
Algae 22", 4 Oy — CO, + Hy,0 Respiration

SOD — Sediment Oxygen Demand

Inorganic + O, Abiotic Fe3+ + 804:
Biotic

Organic+ O — > COp + Hy,0O

Table 2
C, N, P Composition of Algae
C N
(atomic) 106 16 1
(mass) 1272 224 31
40% 7.2% 1%

Based on Redfield numbers, Litton (2003)
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As discussed by Lee (1971) and Lee and Jones-Lee (2002a, 2003b), oxygen depletion in
waterbodies is a characteristic of excessively fertile (eutrophic) waterbodies. Many eutrophic
(high algal content) waterbodies experience DO depletion in the bottom waters, especially if
there is limited mixing between the surface and bottom waters. Under conditions of high algal
growth/loads, such as occurs in the DWSC, mid-depth and surface water oxygen depletion can
also occur, particularly if background turbidity severely limits the photic zone.

Conceptual Model of the SJR DWSC Oxygen Demand Processes. Lee and Jones-Lee (2000a)
presented a conceptual model of the major processes governing oxygen depletion in the DWSC.
Figure 12 presents a pictorial representation of some of the important processes and issues
governing DO depletion in the DWSC. Examination of the figure shows that the SJIR, which is
from eight to 10 feet deep, enters the DWSC at Channel Point. Just upstream of this location, the
city of Stockton’s treated wastewaters are discharged to the DWSC. These wastewaters, in
addition to containing conventional wastewater treatment plant residues, such as carbonaceous
and nitrogenous BOD, also at times can contain appreciable concentrations of algae, which
develop in the City’s wastewater ponds. While the City has the ability to filter the algae out of
the effluent, this is not always done, with the result that, at times, there is an additional algal load
added to the DWSC from these ponds. This additional algal load, as measured by chlorophyll a,
does not represent a significant additional chlorophyll a concentration discharged to the DWSC.

The upstream oxygen demand load, including algae, enters the DWSC and soon becomes mixed
through the water column, principally through tidal action. The SJR flows entering the DWSC
during the summer and fall at times (under drought conditions), can be negative, due to upstream
diversions of water down Old River and by agricultural use for irrigation, to several thousand cfs
downstream through the DWSC. As discussed by Brown (2001, 2002a), the overall flows in the
DWSC are controlled primarily by tidal action, where there are from 2,000 to 4,000 cfs of tidal
flow associated with each tide. The large tidal flow, compared to the normal summer/fall net
SJR downstream flow, makes it somewhat difficult to reliably determine the net downstream

flow, since it can be on the order of 100 to 1,000 or so cfs, relative to a background tidal flow of
2,000 to 4,000 cfs.

The algae that enter the DWSC, which are usually the principal source of oxygen demand, are
soon dispersed through the water column. While in the San Joaquin River, because of its
shallow depth, algae are periodically exposed to some sunlight and, therefore, are able to
continue to reproduce. However, the algae and inorganic turbidity of the DWSC limit light
penetration that can lead to photosynthesis, to about the upper three to six feet. This means that
there are over 30 feet of the DWSC where there is insufficient light to enable algae to continue to
grow through photosynthesis. This, in turn, leads to their death and decay, which exerts an
oxygen demand. These processes are shown in the upper part of Figure 13. The lower part of
Figure 13 is discussed in the section on sediment oxygen demand.
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The tidal-caused, wind-induced and net SJR flow-induced mixing within the DWSC typically
prevents the DWSC from becoming stratified for any significant period of time, and tends to mix
the water column fairly well most of the time. There appear to be periods of a few hours to a few
days where the mixing that occurs is not sufficient to fully mix the water column in the DWSC.
These periods may be important in causing localized areas of DO depletion.

An important component of the conceptual model is the settling and resuspension of algae and
other forms of oxygen demand, such as algal-derived detritus within the DWSC. These
processes influence the transport of particulate BOD through the DWSC, and therefore their
potential impacts on DO within the DWSC, especially in the near-bottom waters.

The principal water quality issue of concern in the DWSC is DO depletion below the water
quality objective in the water column, which is adverse to aquatic life habitat. This is primarily
manifested in slowing the rate of growth of fish and other aquatic life. DO depletions can be
sufficiently severe to cause fish kills; however, in recent years, adult fish kills due to low DO
have not been observed in the DWSC. Larval fish kills and death of organisms that provide fish
food are often difficult to observe. In addition to affecting fish and other aquatic life within the
DWSC that inhabit this area, there is also concern about the impacts on the homing migration of
anadromous fish, in particular the fall run of Chinook salmon, which pass through the DWSC as
part of their homing to tributary waters upstream of the DWSC.

Algae as an Oxygen Demand Constituent. An issue of primary concern to the TAC in
conducting these studies of oxygen depletion problems in the DWSC is an assessment of the
relative significance of the various constituents which serve as oxygen demand sources in the
DWSC. The NBOD constituents can be assessed from the ammonia and the organic nitrogen
concentrations/loads to the DWSC through the kinetics (rates) of ammonification and
nitrification reactions. However, the components of the CBOD cannot be as readily assessed.
Several investigators (King, 2000; Foe, et al., 2002; Dahlgren, 2002; Lehman, 2002; Litton,
2001, 2003) have developed correlations between the planktonic algal chlorophyll a
concentrations in the water and the measured BOD at various locations in the SJR and DWSC.

It is of interest to examine the city of Stockton data for 1999, 2000 and 2001 for the relationship
between BODs and the sum of the chlorophyll a and pheophytin a. Using the sum of the
chlorophyll a and pheophytin a as a potential estimate of oxygen demand is based on the results
of Foe, et al. (2002) and Dahlgren (2002). Brown also recommends this approach (pers. comm.,
2002). A discussion of this issue is presented in Appendix E. Litton (2003) demonstrated that
phytoplankton concentrations were best characterized by the pigment sum, and that there was a
one-to-one conversion of chlorophyll a to pheophytin a.

In general, there was a fairly good relationship for most locations between BODs and the sum of
planktonic algal chlorophyll a and pheophytin a during 2000 and 2001. The scatter about the
line of best fit is due to the variety of factors that are known to affect this relationship, such as
variable algal chlorophyll a content. This relationship supports the position that algae and their
remains are the primary source of oxygen demand in the SJR at Mossdale and within the DWSC.
However, while Litton (pers. comm., 2002) found a good correlation in 2001 near the city of
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Stockton station R3 (Channel Point), at the city of Stockton station RS the correlation was
poorer. He also indicated that he saw a very poor correlation between BOD and planktonic algal
chlorophyll a at this location in 2000. The reason for these differences is unknown.

Litton (2003) and Lehman (2002), as well as the city of Stockton (Jones & Stokes, 2002) have
made BOD measurements in the presence of a nitrification inhibitor. The results of the inhibited
CBOD tests conducted in the SJR studies show that from 40 to 60 percent of the BODs in the
San Joaquin River samples taken from Mossdale, within the DWSC and from the City’s
wastewater discharges, is CBOD. However, as discussed by Standard Methods (APHA, et al.,
1998), NCASI (1985) and Baird and Smith (2002), the nitrification-inhibitor approach can yield
unreliable assessments of the CBOD, since the inhibitor also inhibits the growth of some bacteria
that utilize the CBOD. Outside of measuring the increase in nitrate concentrations in the BOD
test, the nitrification-inhibitor approach is a frequently used, although sometimes unreliable,
approach to estimate CBOD in a sample. The recommended approach for determining the
NBOD in a sample is through measuring the increase in nitrite/nitrate that occurs during the test.
Baird and Smith (2002) have recently completed a comprehensive review of the BOD test. This
review should be consulted for additional information on factors influencing the test results. A
subsequent section of this Synthesis Report discusses previous studies by Fitzgerald (1964)
which indicate that the BOD of algae is influenced by a variety of factors.

The investigators in this study have concluded that a significant part (if not most) of the CBOD
measured is derived from algae, either in the form of live algae that die in the BOD test, or dead
algae that are present in the water sample tested. A significant part of the NBOD present in the
samples is derived from the organic nitrogen in algae that are present in the water samples tested
for BOD.

Factors Influencing DO Depletion in the DWSC
There are several factors which influence the oxygen demand assimilative capacity of the

DWSC. The most important include the construction of the Deep Water Ship Channel and the
flow of the SJR through the DWSC.

Significance of the Port of Stockton. In the winter of 2001, Foe of the CVRWQCB, with the
assistance of several members of the TAC, initiated work to begin to define the TMDL of
oxygen-demanding materials that can be added to the DWSC without causing DO depletion
below the water quality objective. This effort has been called a “Strawman” analysis of oxygen
demand loads and impacts. Also considered in this effort were some of the factors, such as SJR
flow through the DWSC and DWSC morphology (depth), that apparently were affecting the DO
depletion that occurs within the DWSC as a function of oxygen demand load to the DWSC.
Further, initially based on the year 2000 data collected during the summer and fall, Foe
conducted an analysis of the sources of oxygen demand in the SJR DWSC watershed that appear
to be responsible for DO depletion in the DWSC below water quality objectives.

In the winter of 2002, Foe expanded the Strawman analysis to include, where possible,
consideration of the summer/fall 2001 data on the DWSC and the sources of oxygen demand in
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the SJR DWSC watershed. Foe has written up the results of his 2000 and 2001 Strawman
analysis in a report (Foe, et al., 2002).

As part of the Strawman analysis, studies were conducted on the impact of DWSC morphology
(depth) on DO depletion, using the Chen-Systech model discussed below (Chen and Tsai, 2002).
Chen and Tsai (2002) reported (see Figure 14a) that, if the DWSC had not been constructed —
i.e., the SJIR downstream of Stockton were 8 to 10 ft deep, as it is upstream of the City — the DO
depletion below the Port of Stockton in the critical reach would not exist, especially with SJR
flows through the DWSC above about 500 cfs, or would be small at flows less than about 500
cfs.

In developing Figure 14a, Chen and Tsai (2002) assumed that the SJR below the Port of
Stockton had the same depth as the SJR immediately upstream of Stockton. The Chen-Systech
model was then run with this SJR geometry for the purpose of assessing the magnitude of the
oxygen deficit that would be found in the SJR downstream of the Port if the DWSC had not been
developed. As shown in the upper part of Figure 14b, during summer 1999 at 1,000 cfs of SJR
flow through the DWSC and the current DWSC geometry, there is a predicted 4,000 kg oxygen
deficit in the DWSC, while in 2000 (Figure 14b, lower) the predicted oxygen deficit at 1,000 cfs
of SJR flow through the DWSC would be essentially zero. The difference between summer
1999 and summer 2000 is that during the summer 2000 the flow of the SJR through the DWSC
was typically in excess of about 1,500 cfs.

As shown in Figure 14a, at the pre-dredging depth, at a SJR flow through the DWSC of 1,000
cfs, the oxygen deficit would be predicted to be zero for both 1999 and 2000 conditions. It is
only at SJR DWSC flows of about 250 cfs (see Figure 14a) that there would be any potentially
measurable DO deficit in the undredged Channel. The results of this modeling are in accord
with the situation found in the SJR upstream of the City, where the 8 to 10 ft deep SJR does not
experience DO depletions below water quality objectives. In fact, it is often supersaturated with
respect to DO, due to algal photosynthesis.

It is, therefore, concluded that the existence of the DWSC, beginning at the Port of Stockton,
where the SJR changes from 8 to 10 feet deep to 35 to 40 feet deep, is a major factor in causing
DO depletion below the water quality objective. The primary responsible party for the DWSC
DO depletion problem is the Port of Stockton and those who benefit from the existence of the
Port. The primary beneficiaries are the agricultural and commercial interests that utilize the Port
for low-cost transport of goods to and from the Port. According to Port-provided information
(Port of Stockton, 2002), the principle exports handled through the Port are grain, coal, sulfur,
coke, scrap steel, almonds, steel coils, beet pulp pellets, logs, bagged wheat seed, bagged rice
and steel pipe, while the imports include fertilizers (dry and liquid), anhydrous ammonia,
molasses, cement, machinery, steel beams, steel coils, sugar, magnesite and grain.
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Dissolved Oxygen Deficit (kg)

Figure 14b

Predicted Impact of SJR DWSC Flow on DO Deficit (from Foe et al., 2002)
Upper Figure: Based on 1999 conditions
Lower Figure: Based on 2000 conditions
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Impact of SIJR Flow through the DWSC. The amount of SJR flow that enters the DWSC has
two opposing effects. Greater SJR flow into the DWSC normally increases the oxygen demand
load to the DWSC, since it transports greater oxygen demand loads in the form of algae into the
DWSC; however, the increased flow also decreases the hydraulic residence time of the critical
reach of the DWSC. As discussed above and in Appendix C, it has been found that, during
summers/falls when the SJR flow through the DWSC is above about 2,000 cfs, there are few DO
depletion problems below the water quality objective. It has also been found that, when the SJR
flow through the DWSC is a few hundred cfs, the DO depletion problems in the DWSC are
severe, sometimes with DO concentrations below 2 mg/L. It is important to emphasize that
reported UVM flows below a few hundred cfs are not highly reliable. This issue was discussed
by Foe in the Lee and Jones-Lee (2000a) “Issues” report.

The Strawman analysis has provided estimates of the allowable oxygen demand loads to the
DWSC as a function of SJR flow through the DWSC. Figure 14b shows the results of the
modeling (Chen and Tsai, 2002) of the magnitude of the oxygen deficit in the DWSC as a
function of SJR DWSC flow. These results are based on the use of the Chen-SysTech model to
examine how the flow of the SJR through the DWSC and its associated oxygen demand load
influences DO depletion in the DWSC. As shown, when the SJR DWSC flows are above about
2,000 cfs, the magnitude of the DO depletion in the DWSC below water saturation is small.
There is, however, a steep gradient in DO deficit versus flow in the range of about 500 cfs to
about 1,500 cfs. These results are in general agreement with the DWSC measurements made by
DWR in the Hayes cruises (Figure 9) and by the city of Stockton in their monitoring of the
DWSC in 1999, 2000 and 2001. The data collected on the DWSC over the years shows that
during wet, high-flow years, with flows through the DWSC above about 2,000 cfs, there were
few DO depletions below the water quality objective.

Even though increasing the flow of the SJR through the DWSC increases the total oxygen
demand load added to the DWSC, in the form of algae derived from upstream of Mossdale, this
increased load of BOD, is not exerted in the seven-mile critical reach of the DWSC (to Turner
Cut) where DO depletion below the water quality objective has been found to occur. Also, as
discussed above, SJR DWSC flows of a couple of hundred cfs tend to cause the greatest
depletion of DO in the DWSC.

The impact of flow on DO depletion seems to be primarily related to the changes in the hydraulic
residence time of the critical reach of the DWSC. During low flow, even relatively small loads
of oxygen demand have sufficient time to be fully exerted in the DWSC before mixing with the
cross-channel flow of Sacramento River water that occurs at Turner Cut and Columbia Cut. At
high SJR flows through the DWSC, the hydraulic residence time (travel time) of BOD,, through
the first seven miles of the DWSC is sufficiently short so that a large part of the BOD, load is not
exerted in the critical reach, and is transported into the Central Delta via Turner Cut and,
especially, Columbia Cut.

The SJR flow through the DWSC during the summer and early fall is controlled by tributary
eastside river reservoir releases; supplemental flow from the Delta-Mendota Canal, which is part
of the Federal Project; agricultural, municipal and other diversions; agricultural tailwater;
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subsurface (tile) drain water; shallow groundwater discharges and recharge to the SJR and its
tributaries; and municipal and industrial wastewater discharges. One of the most important
causes of decreased flow of the SJR into the DWSC is the diversion of SJR water into Old River
near Mossdale. Associated with the development of the Central Valley Project (Federal Project)
and the California State Water Project (State Project) devoted to exporting water from the South
Delta to Central and Southern California, it was found that there was need to install temporary
rock tidal barriers in the South Delta. These temporary rock barriers are installed each year in
three Delta channels. The location of these barriers is shown in Figure 5.

These barriers trap incoming tides to mitigate for the lowered water levels caused by the
operation of the SWP and CVP export pumps which draw Sacramento River water across the
Delta. The barriers also are meant to re-establish unidirectional flow in these channels to
improve water quality. As part of the CALFED Record of Decision (ROD), the temporary
barriers are to be replaced by permanent, operable barriers which can be used to control the flow
in a South Delta channel as a function of tide stage. The existence of the temporary tidal barriers
has been found to be a significant factor in controlling the amount of SJR water that is allowed to
go downstream in the SJR channel to the DWSC, versus down Old River to the export pumps.
This is especially important during the fall, associated with the removal of the barriers, which
causes much of the SJR flow at Vernalis to enter Old River. At this time, the flows of the SJR
through the DWSC can be greatly diminished, which has been associated with low DO
concentrations in the DWSC.

In addition to the tidal barriers, there is also a Head of Old River temporary rock barrier that is
typically installed in April to provide increased SJR flow down the SJR to the DWSC in order to
help young salmon migrate to the sea. The Head of Old River barrier is removed during the end
of summer to enable greater SJIR flow into Old River. When the Head of Old River barrier is in
place, essentially all of the SJR flow at Vernalis enters the DWSC. Brown (Jones & Stokes,
2002) has discussed how the installation and removal of the South Delta temporary rock barriers
influence the amount of SJR water present at Vernalis that enters Old River. In late September
1999, for a period of about a week, when the Head of Old River barrier was not in place, the
removal of the Grant Line barrier in the South Delta (see Figure 5) resulted in essentially all of
the SJR flow present at Vernalis being taken/pumped down Old River to the export pumps. The
net result was that the hydraulic residence time of the DWSC changed from about a week to
almost three weeks. The DO depletion associated with this low flow (estimated to be about 200
cfs) of SJR water through the DWSC led to the lowest DO concentrations (about 2 mg/L)
experienced that year in the DWSC.

Impact of Sacramento River Cross Channel/Delta Flow. Increased SJR flow through the
DWSC tends, as expected, to push the oxygen demand point of greatest depletion (sag) further
downstream. Ordinarily, in a typical river situation, this would simply shift the location of the
low-DO problem. However, the State and Federal Projects’ export of South Delta water to
Central and Southern California creates a strong cross-Delta flow of Sacramento River water
toward the export pumps located near Tracy and Clifton Court (see Figure 1). Sacramento River
water, year-round, including summer and fall, has a low oxygen demand. Dahlgren (2002) has
found that during summer and fall of 2000 and 2001 the Sacramento River at Freeport, which is
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just upstream of the Delta, has planktonic algal chlorophyll a of 0.5 to about 2 pg/L. At the
same time, the SJR DWSC near Turner Cut typically has planktonic algal chlorophyll a of 2 to
12 ng/L. This export pumping of South Delta water by the State and Federal Projects causes the
Sacramento River water to cut off the downstream movement of the San Joaquin River water
through the DWSC.

This cross-channel flow of Sacramento River water begins to occur at Turner Cut (Brown,
2002a), under low SJR flow through the DWSC, and primarily occurs through Columbia Cut.
As discussed above, the Hayes cruise monitoring of the SJIR DWSC below Columbia Cut over
the last 15 years or so has never found a DO problem. Rarely do low-DO problems occur below
Turner Cut. This is a result of the SJR DWSC water that exists upstream of Disappointment
Slough/Columbia Cut being mixed with the cross-DWSC flow of the Sacramento River water.
The net result is that the residual oxygen demand load that is not exerted between Channel Point
and Disappointment Slough/Columbia Cut (which can be a significant part of the total load to the
DWSC, especially under high SJR DWSC flow -- i.e., short hydraulic residence time) is
transported into the Central Delta as part of the export pumping by the State and Federal
Projects. While there is appreciable mixing/dilution of the residual oxygen demand from the
SJR DWSC present at Disappointment Slough/Columbia Cut, it is unclear whether there are any
low-DO problems that occur in the Central Delta as a result of the export of oxygen demand into
this area from the SJR DWSC. From the information available it appears that the most likely
location for low-DO conditions to occur in the Central Delta is downstream of where Turner Cut
intersects the DWSC. Under ebb tide conditions, much of the water in Turner Cut is SJR water
and, therefore, has an appreciable oxygen demand. There is need to investigate whether the
export of DWSC water down Turner Cut leads to low-DO conditions.

Under low SJR DWSC flow (less than about 500 cfs), it has been found by Brown (2002a) that
there is potentially significant upstream transport of Sacramento River water into the DWSC, due
to tidal action. This tidal-caused upstream transport of Sacramento River water into the DWSC
dilutes the oxygen demand present in the SJR at Turner Cut and contributes to its diversion down
Turner Cut during ebb tides.

Growth of Algae within the DWSC. While Lehman and Ralston (2000), Lehman, et al. (2001)
and Lehman (2002) have found that there is appreciable algal growth within the DWSC, this
growth, through photosynthesis, also produces oxygen, which, since the waters of the DWSC are
normally undersaturated with respect to DO during the summer and fall, is available to satisfy
the oxygen demand associated with the death of the algae that developed within the DWSC. As
a result, algal growth within the DWSC is not a significant contributor to the low-DO problem in
the surface and mid-depth waters. Algal growth within the DWSC may, however, contribute to
the greater oxygen depletion that occurs during periods when there is not complete mixing in the
near-bottom waters of the DWSC. Litton (2003) reported that the settling and resuspension rates
for particulates in the near-bottom waters are about equal. Litton also reported that the transport
of settled phytoplankton is about two to three times the hydraulic travel time. This means that
the near-bottom particulate BOD (upstream algae and detritus and in-channel-produced algae)
has a longer period of time to be exerted than the BOD that is transported in the upper water
column. Litton (pers. comm., 2002) and Van Nieuwenhuyse (2002) suggest that the elevated
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suspended solids in the near-bottom waters of the DWSC may be the site for increased biological
activity on their surfaces. This may be particularly important for nitrification reactions. As
discussed in a subsequent section, it appears that this may be an important factor influencing the
DO depletion significance of ammonia discharges to the DWSC by the city of Stockton.

Sediment Oxygen Demand (SOD). Litton’s (2001, 2003) and Litton and Nikaido’s (2001)
studies of sediment oxygen demand have shown that the bedded sediment oxygen demand is not
a major cause of oxygen depletion in the DWSC. Based on the information in Hatcher (1986)
and Bowie, et al. (1985), the DWSC bedded SOD values tend to be lower than for many
waterbodies. Litton (2003), using sediment cores, reported that the sediment oxygen demand of
bedded sediments was on the order of 0.3 to 0.8 g/m’/day. Suspending these sediments,
however, or measuring the oxygen demand of the suspended sediments taken from near the
bottom of the DWSC, showed greater oxygen demand than that found for the bedded sediments.

As discussed in Appendix C, the Hayes cruise data have shown that, frequently, there is slightly
greater DO depletion in the DWSC in the near-bottom waters than at the surface, or at mid-
depth. This appears to be associated with short-term vertical stratification (lack of complete
vertical mixing) of the water column, where bedded sediment oxygen demand and that
associated with suspended sediments stirred by tidal action from the bottom into the water
column exert an oxygen demand in the near-bottom waters. Litton (2003) has reported that the
maximum tidal flows of about 4,000 cfs create currents of about 0.2 ft/sec which are sufficient to
suspend DWSC bedded sediments. Brown (2003) has reported that, based on Litton’s SOD
values, the SOD of the DWSC would exert an oxygen demand of about 1,115 to 2,230 Ib/day
between Channel Point to just upstream of Turner Cut.

Figure 13 (shown previously) shows the various sediment oxygen demand reactions of concern
in the DWSC. These include the particulate organics (principally dead algae) serving as a source
of oxygen demand through bacterial respiration. Associated with ammonification of the organic
nitrogen in the particulates is the nitrification of ammonia present in the water column near the
sediments. While there is DO depletion near the bottom of the DWSC, the DO concentrations of
the near-bottom waters have been found to be sufficient to support nitrification.

In addition to the biotic reactions that occur in the suspended and bedded sediments, there are
also abiotic reactions involving the oxidation of reduced iron and sulfur chemical species to
ferric iron and sulfate by dissolved oxygen. These reactions are extremely rapid, and can
consume large amounts of DO over short periods of time. Further information on these reactions
has been provided by Lee and Jones-Lee (2000a). The significantly elevated SOD values
reported by Litton (2003) associated with increased stirring of the water in the sediment cores are
likely due to the abiotic reactions of dissolved oxygen with ferrous iron and sulfides.

Atmospheric Aeration. Using classical approaches for estimating reaeration based on water
velocity, waterbody physical characteristics and other factors influencing atmospheric reaeration,
Brown (2003) reported that the magnitude of atmospheric reaeration that is occurring in the
DWSC due to the DO undersaturated conditions that typically exist in the surface waters of the
DWSC, results in addition of oxygen from the atmosphere on the order of 4,500 1b/day with an
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oxygen deficit from saturation of 4 mg/L. During the summer when the water temperatures are
20 to 26°C with a DO saturation of about 8 mg/L, this deficit is about 2 mg/L below the 6 mg/L
WQO. Based on the calculations of Brown (2003), the bedded SOD equals about one-half of the
dissolved oxygen added to the DWSC by atmospheric reaeration of the DWSC between Channel
Point and just upstream of Turner Cut. Litton (2003) has indicated that Brown’s estimate of
bedded SOD of 2,000 Ib of oxygen per day is on the upper end of his measured values.
Generally, the bedded SOD was less than this amount.

Light Penetration. The studies of light penetration based on Secchi depth measurements by
Kratzer and Dileanis (2002), Lehman (2002), Lehman and Ralston (2000), city of Stockton
(Jones & Stokes, 2000, 2001, 2002), Litton (2001, 2003) and Litton and Nikaido (2001) have
shown that Secchi depth of the DWSC is typically on the order of 1 to 3 ft. This Secchi depth
translates to a photic zone (one percent depth of light penetration) -- i.e., where there is sufficient
light for algal photosynthesis -- of 2 to 6 ft. Lind (1979) has reported that the Secchi depth is
usually between 0.5 to 0.2 of the photic zone. Secchi depth is often found to be about 85 percent
of the surface radiation. Lehman (2002) has reported that the photic zone in the DWSC is about
6 ft.

Lee, et al. (1995), based on a review of the limnological literature, have developed a general
relationship for Secchi depth and chlorophyll a, where the light penetration is primarily
controlled by algae causing light absorption/scattering. They found that for the range of
planktonic algal chlorophyll a concentrations found in the SJR and the DWSC, the Secchi depth
should be on the order of 3 to 6 ft. It is evident, since the DWSC Secchi depths are typically
much less than these values, that inorganic turbidity in the SJR and DWSC greatly increases light
scattering and absorption by particulate matter in the water column. The inorganic turbidity
severely reduces the light penetration compared to light scattering and absorption due only to
algae — i.e., self-shading. This reduced light penetration reduces the amount of oxygen added to
the DWSC by algal photosynthesis. This reduced light penetration is a result of inorganic and
organic turbidity derived from the SJR watershed, especially from the westside tributaries. The
inorganic turbidity is due to erosion in the SJR watershed. Current efforts to control erosion in
the SJR watershed could lead to increased algal growth in the SJIR and the DWSC.

An additional source of reduced light penetration appears to be discharges of inorganic turbidity
from the Mud and Salt Slough watersheds as well as other westside tributaries, and the colored
water discharges from the managed wetlands wildlife refuges and gun clubs during the fall.
These discharges have been found by Quinn (pers. comm., 2001) to release highly colored water
which at times has apparently been transported down the SJR into the DWSC. It appears that, in
the fall 1999 on at least one occasion (Litton, pers. comm., 2000), the dark-colored water that
was present in the DWSC reduced light penetration sufficiently so that the normal algal
photosynthesis that occurs in the surface waters was depressed, and a greater than normal DO
depletion occurred as a result of this situation. The wetlands release of colored water in the fall
is likely due to the flushing of the wetlands areas. Quinn (pers. comm., 2002) indicated that the
wetlands discharges are accompanied by a “recognizable sulphorous smell which persisted for 1-
2 weeks.”
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Temperature. Van Nieuwenhuyse (2002) has summarized the DWR Rough and Ready Island
continuous monitoring station temperature measurements for the period 1983 to 2001. During
the months of June through October (i.e., the normal period of low DO occurrence), temperatures
ranged from about 20°C to about 27°C, with the maximum temperature normally occurring in
July and August. Changes in temperature can have a significant impact on DO depletion within
the DWSC. The reactions governing BOD exertion typically have a temperature dependence of
rate doubling for each 10°C increase in temperature. This means that there will be a significantly
increased rate of BOD exertion in the DWSC during July and August, when the temperature is
the highest.

Temperatures are also important in influencing the rate of algal growth in the SJR, upstream of
Mossdale and within the DWSC. Further, increased temperatures decrease oxygen solubility.
The impact of temperature on these various processes may be an important factor in influencing
the year-to-year variability of DO depletion, especially during cooler summers and elevated SJR
DWSC flows. Under these conditions, an oxygen demand load would be exerted at a slower
rate, and therefore, with increased flows, there could be increased export of oxygen demand past
Turner Cut into Columbia Cut-Central Delta that does not cause low DO in the DWSC. Week-
to-week changes in temperature, which can be several degrees, may be influential in causing
some of the variability of oxygen demand load DO depletion response within the DWSC.
Additional information on temperature dependence issues is discussed in the subsequent
modeling section.

Algal Nutrients. The various investigators in these studies have found that the concentrations of
algal-available nutrients (nitrate and soluble orthophosphate) found in the SJR upstream of the
DWSC, as well as within the DWSC, are typically on the order of at least 10 to 100 times those
that have been found to be algal growth-rate-limiting. Nitrate concentrations in the DWSC are
typically several mg/L nitrate N. Soluble orthophosphate concentrations are typically several
tenths of a milligram per liter P. These concentrations are surplus of algal needs and are not
significantly depressed during algal blooms. It is evident that the growth of algae in the SJR and
the DWSC is not limited by available nutrients. This growth appears to be primarily controlled
by limited light penetration, which is influenced by the inorganic turbidity derived from
upstream erosional materials.

Forms of CBOD and NBOD. CBOD is composed of many different compounds, each with a
specific rate of biochemical reaction with dissolved oxygen. While it has been found that algae
and their remains are correlated with the BOD in the SJIR at Mossdale and in the DWSC, it is
understood that the BOD of algae depends on a variety of factors. Fitzgerald (1964) conducted
studies on the factors influencing the measurement of BOD of algae. The wastewater treatment
literature (see Fitzgerald, 1964) contains several papers reporting on the problems in trying to
reliably measure the BOD of samples that contain large amounts of algae. Fitzgerald (1964)
found that several types of algae can remain viable for several days to several weeks in the dark
in a BOD bottle environment. This means that the long-term oxygen demand of some algae may
be underestimated by the BODs or even the BOD, test although, based on the results of
Fitzgerald, the 10-day BOD would likely better incorporate the algal oxygen demand than the 5-
day test. Fitzgerald reported that a variety of factors, such as algal types, algal nutritional status,
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health, presence of algal remains and other materials, etc., influenced the measurement of the
BOD of algae in short-term BOD tests. Based on these results, it is to be expected that there
would be considerable variability in the relationship between planktonic algal chlorophyll a and
BOD.

Foe, et al. (2002) showed a fairly constant relationship between the BOD( and the BODs for the
SJR at Mossdale samples, where the 5-day value was about 65 percent of the 10-day value.
Based on these results, it appears that the Mossdale samples that Foe, et al. (2002) used for the
longer term BOD tests, where BOD was measured as a function of time, did not demonstrate the
problems found by Fitzgerald (1964) and others in measuring BOD of samples with high algal
content.

The CBOD loads to the SJR DWSC include the residual CBOD in the city of Stockton
wastewater effluent that is of domestic/industrial origin. This CBOD would also be expected to

have a different oxygen demand exertion rate than the CBOD in the SJR derived from algae in
the SJR/DWSC.

The primary components of NBOD are ammonia and a variety of organic nitrogen compounds
each with its own NBOD exertion rate. Since organic nitrogen compounds must be converted to
ammonia before they can be nitrified and since the conversion rate of organic N to ammonia is
typically modeled (see Bowie, et al., 1985) with a first order rate constant of 0.1 per day, under
elevated flows of the SJR through the DWSC, there would not be adequate time for all organic
nitrogen compounds to be ammonified and nitrified to nitrate within the critical reach of the
DWSC. Under SJR DWSC flows of 1,500 cfs or greater where the travel time through the
DWSC is less than a week, much of the organic N added to the DWSC would not be converted
to nitrate.

There are a variety of factors that are known to influence the growth of the nitrifying bacteria,
Nitrobactor and Nitrosomonas, that can influence the conversion of ammonia to nitrite and
nitrate. Trace metals such as copper are known to be important in this reaction in natural water
systems. Bowie, et al. (1985) list such factors as pH, temperature, ammonia and nitrite
concentrations, DO concentrations, suspended solids and organic and inorganic compounds, as
influencing the nitrifications that could impact the measurement of NBOD in the BOD test and
the exertion of oxygen demand in the SJR and DWSC. The growth of these bacteria is known to
be highly temperature-dependent at low temperatures, where nitrification takes place at slow
rates at temperatures below about 10°C.

Figure 15 presents information on the effect of temperature on nitrification, from Bowie, et al.
(1985). Examination of this figure shows that, in the temperature range of about 20 to 40°C, the
rates of nitrification are relatively independent of temperature. However, at 15°C, the
nitrification rate has decreased to 95 percent of this rate, while at 10°C, the rates decrease to
about 56 percent of the 20-30°C value. Examination of the RRI temperature monitoring over the
past couple of years shows that the winter temperatures are on the order of 50°F, or 10°C. The
lowest value over the past three years was 8°C. These results indicate that the rate of nitrification
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of ammonia in the DWSC during the winter will be significantly less than in the summer, and
may, under the extreme low temperatures that have been observed, cease almost entirely.

An issue of particular importance is an understanding of the role of the city of Stockton’s
ammonia discharges during the late fall and winter as a cause of the low DO that has been found
in the DWSC during this period. For example, as discussed below, in 2002 the City was
discharging 22 mg/L. ammonia nitrogen during February and March, when there were DO WQO
violations in the DWSC. At that time, the temperature of the DWSC at the RRI station was
about 12°C. At this temperature, the rate of nitrification would be expected to be about 70
percent of the typical summer values. As a result, ammonia discharged during late fall and
winter when the temperatures of the DWSC are low would be expected to persist (less
nitrification) in the DWSC to a greater extent than in the summer.

Gallagher of HydroQual (pers. comm., 2002) noted that, at times, nitrification takes place at a
higher rate than would be expected. The conditions that cause these higher rates of nitrification
are not understood, and it is unclear whether this type of situation occurs in the DWSC. It is
evident that much greater emphasis should be placed on understanding the role of ammonia as a
cause of oxygen depletion in the DWSC. Litton (pers. comm., 2003) is, at the time of
development of this write-up, conducting studies to better understand the role of ammonia as a
cause of low DO in the DWSC during late January through early March 2003. A discussion of
his preliminary results is included in a subsequent section of this report.

Figure 15
Effect of Temperature on Nitrification
as Reported by Borchardt (1966), from Bowie, et al. (1985)
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Box Model Calculations

Lee and Jones-Lee (2000a,b; 2001), as part of developing the “Issues” report, presented “box
model” calculations of the oxygen demand loads to the DWSC, and some of the factors
influencing oxygen depletion within the DWSC. This analysis supported the previous
conclusions of Brown and Caldwell (1970), McCarty (1969) and Jones & Stokes (1998) that the
primary source of oxygen demand for the DWSC was algae developed in the SJR upstream of
the DWSC. Lee and Jones-Lee reported that the upstream of Vernalis oxygen demand loads
found during August and September 1999 were on the order of about 60,000 to 70,000 Ib/day
BOD,, which were about 10 times the city of Stockton loads of oxygen demand to the SJR just
upstream of the DWSC. However, in October 1999, with reduced algal growth in the SJR
upstream of Vernalis associated with reduced light duration and cooler temperatures, the
upstream algal oxygen demand load decreased to about 10,000 Ib/day BOD,, and the city of
Stockton wastewater load increased to about the same value — i.e., the two were about equal.
The increase in the city of Stockton load was associated with the City’s discharge of significantly
elevated concentrations of ammonia in its wastewater effluent.

The 2000 and 2001 studies conducted by the TAC were designed to develop data that could be
used to further examine oxygen demand load sources, with particular reference to the city of
Stockton wastewaters and the upstream sources. Tables 3, 4 and 5 present the results of box
model calculations of oxygen demand sources for the DWSC based on the studies conducted in
1999, 2000 and 2001. Appendix F presents backup information on the basis for developing the
estimated loads presented in these tables. Table 6 provides information on how the values in
each of the columns of Tables 3, 4 and 5 have been developed. A discussion of the columns in
these tables follows.

The city of Stockton used an analytical method for measuring ammonia with a detection limit of
about 0.2 mg/L for ammonia N, and for organic N of about 0.5 mg/L N. These detection limits
resulted in many of the SJR and DWSC ammonia and organic nitrogen concentrations being
reported as “non-detect.” Frequently, based on Dahlgren’s data, the concentrations of these two
parameters were just below the City’s detection limits. For the purposes of the calculations
presented in this report, it was assumed that “less than” values for ammonia and organic nitrogen
were one-half of the detection limit. This approach probably underestimates the ammonia and
organic N concentrations in the SJR and the DWSC samples to some extent, since half of the
detection limits is typically, where data were available from Dahlgren, less than the
concentrations measured by Dahlgren. This problem did not occur with the city of Stockton’s
effluent measurements since the concentrations were almost always above the analytical method
detection limit.

The estimated oxygen demand loads at Mossdale are based on a city of Stockton-measured
BODs in mg/L, times the UVM flow of the SJR through the DWSC plus the city of Stockton
wastewater flow in cfs, times 3, times 5.4, as shown in equation (2):

BOD, (load to the DWSC) = BODs in mg/L (at Mossdale) x 3 x 5.4 x (SJR
DWSC flow in cfs+ city of Stockton wastewater flow) (2)
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Table 3

DWSC Estimated Oxygen Demand Loads and Deficits

1999
Travel Time (days) Loads (BOD,)
Oxygen
Sum of | Demand
Channel DO Turner Deficits Exerted DO
Mossdale Pt to Mossdale | Deficit at | Mossdale Cut R7 Below in Deficit at
Flow to Turner | to Turner | Mossdale + City Y% (Ib/day) | (Ib/day) WwQO DWSC R7
Date (cfs) Channel Pt Cut Cut (Ib/day) (Ib/day) City (Calc.) (Meas.) (Ib) (Ib/day) (Ib/day)
8/24 850 1.8 9.4 11.2 0 64,226 185 ] 26,544 | 66,096 | 16,300 | -18,394 | 16,524
8/31 1,024 1.5 7.8 9.3 2,765 64,984 183 31,216 | 66,355 | 14,540 | -20,725 | 19,354
9/07 1,022 1.5 7.8 93| +4,967| 120,350 14.7 | 57,812 | 102,650 | 28,170 -1,064 | 18,764
9/14 1,157 1.3 6.9 8.2 + 625 | 130,160 13.6 | 68,045 | 153,696 | 59,470 | -49,777 | 26,241
9/21 1,135 1.3 7.0 8.3 2,452 | 146,109 12.1 ] 75,668 | 154,451 | 32,680 | -32.245| 23,903
9/28 395 3.8 20.3 24.1 2,133 45,856 | 38.6 6,803 | 31,355 | 53,960 8,955 5,546
10/05 494 3.0 16.2 19.2 4,001 64,013 43.7 | 13,961 30,411 | 76,340 | 23,732 9,870
10/19 623 2.4 12.8 15.2 1,009 72,407 | 38.7| 21,739 | 84,778 | 78,430 | -31,211 | 18,840
10/26 592 2.5 13.5 16.0 3,516 75,952 36.9 | 21,351 76,723 | 57,340 | -17,394 | 16,623

45




Table 4

DWSC Estimated Oxygen Demand Loads and Deficits

2000
Travel Time (days) Loads (BOD,)
Sum of Oxygen
Mossdale | Channel DO Deficit Turner Deficits Demand DO
to Pt to Mossdale at Mossdale Cut R7 Below Exerted Deficit at
Flow Channel Turner | to Turner | Mossdale + City % (Ib/day) (Ib/day) WwWQO in DWSC R7

Date (cfs) Pt Cut Cut (Ib/day) (Ib/day) City (Calc.) (Meas.) (Ib) (Ib/day) (Ib/day)
6/20 1,202 1.2 6.7 79| +11,034 92,731 | 9.7 49,395 19,472 0 56,383 16,876
6/27 652 2.3 12.3 14.6 | +15,492 50,193 | 17.9 15,795 10,562 5,360 30,477 9,154
7/11 634 2.4 12.6 15.0 + 8,217 52,600 | 6.3 16,092 16,433 790 26,581 9,586
7/18 662 2.3 12.1 144 | +11,082 49415 | 6.7 15,845 18,231 9,290 21,890 9,294
7/25 770 1.9 10.4 12.3 + 6,237 60,680 | 5.4 22,829 13,721 5,150 35,732 11,227
8/01 759 2.0 10.5 125 | +12,296 47,806 | 12.6 17,817 19,673 | 10,930 15,017 13,116
8/08 837 1.8 9.6 114 ] +10,396 42,610 | 14.1 17,282 16,271 | 10,180 13,684 12,655
8/15 725 2.1 11.0 13.1 | +11,354 45933 | 13.1 16,333 14,094 3,440 19,311 12,528
8/22 1,251 1.2 6.4 7.6 +2,702 46,532 | 12.9 25,496 24,319 0 5,325 16,888
8/29 1,447 1.0 5.5 6.5 + 3,126 57,571 | 10.4 34,330 18,753 0 17,721 21,097
9/12 1,277 1.2 6.3 7.5 +11,723 54,237 | 31.3 29,999 10,344 0 28,722 15,171
9/19 1,224 1.2 6.5 7.7 + 8,592 60,623 | 28.0 32,907 29,743 | 10,490 12,373 18,507
9/26 1,372 1.1 5.8 6.9 +4,445 54,785 | 31.0 31,760 11,113 0 32,559 11,113
10/03 | 1,201 1.2 6.7 7.9 5,188 79,186 | 36.1 42,182 9,728 | 17,530 48,705 20,753
10/17 | 2,141 0.7 3.7 4.4 3,468 80,626 | 35.5 56,941 17,342 0 25,131 38,153
10/24 | 2,416 0.6 3.3 3.9 11,742 | 153,845 | 18.6 | 112,814 19,570 0| 106,878 27,397
10/31 573 2.6 14.0 16.6 5,260 55,520 | 51.5 14,891 -- 0 55,520 --
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Table 5

DWSC Estimated Oxygen Demand Loads and Deficits

2001
Travel Time (days) Loads (BOD,)
Sum of Oxygen
Mossdal | Channel DO Deficit Turner Deficits Demand DO
eto Pt to Mossdale at Mossdale Cut R7 Below Exerted Deficit at
Flow Channel Turner to Turner | Mossdale + City % (Ib/day) (Ib/day) WwWQO in DWSC R7
Date (cfs) Pt Cut Cut (Ib/day) (Ib/day) City (Calc.) (Meas.) (Ib) (Ib/day) (Ib/day)
6/12 674 2.2 11.9 14.1 | +10,191 68,578 | 17.2 22,407 24,021 4,840 35,458 9,099
6/19 610 2.5 13.1 15.6 | +12,188 69,116 | 17.1 20,174 10,277 | 23,570 45,992 12,847
6/26 746 2.0 10.7 12.7 + 8,057 67,392 | 17.5 26,649 7,614 | 38,220 47,290 12,488
7/10 622 2.4 12.9 153 ] +10,748 74,981 | 15.3 22,301 13,099 | 27,380 53,485 8,397
7/17 657 2.3 12.2 14.5 + 3,903 56,202 | 20.5 17,853 14,581 | 17,670 29,204 12,417
7/24 618 2.4 12.9 153 ] +13,683 51,546 | 22.3 15,331 9,711 | 30,310 32,825 9,010
7/31 599 2.5 13.4 15.9 +4,528 48,374 | 23.8 13,727 7,957 | 27,280 29,419 10,998
8/07 577 2.6 13.9 16.5 + 623 45,603 | 46.7 12,346 4,674 1,720 32,516 8,413
8/14 583 2.6 13.7 16.3 +2,833 61,912 | 34.4 17,080 17,000 | 17,430 35,782 9,130
8/21 626 2.4 12.8 15.2 2,366 44,625 | 47.7 13,398 11,865 | 26,070 22,619 10,141
8/28 634 2.4 12.6 15.0 1,027 39,787 | 53.5 12,172 18,487 | 28,120 7,606 13,694
9/11 610 2.5 13.1 15.6 988 50,763 | 28.0 14,817 13,143 | 19,030 30,044 7,576
9/18 792 1.9 10.1 12.0 0 61,672 | 23.0 16,252
23,865 45,805 | 47,370 -385

9/25 1,143 1.3 7.0 8.3 6,789 64,195 | 22.1 33,246 38,885 | 42,940 -1,230 26,540
10/02 785 1.9 10.2 12.1 4,663 68,010 | 34.6 26,072 34,717 | 32,950 16,337 16,956
10/16 1,279 1.2 6.3 7.5 6,907 58,724 | 40.0 32,481 67,754 0| -29,750 20,720
10/23 2,068 0.7 3.9 4.6 15,634 67,052 | 35.0 46,473 68,008 0| -31,107 30,151
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Table 6
Explanation of the Origin of the Columns in Tables 3, 4 and 5

Column Heading

Explanation

Flow (cfs) UVM flow (measured or estimated) of SJR through DWSC
Travel Time (Mossdale | Estimated Travel Time from Mossdale to Channel Pt. for the flow indicated based on Figure 6
to Channel Pt)

Travel Time (Channel
Pt to Turner Cut)

Estimated Travel Time from Channel Pt. to Turner Cut (i.e., 7 miles of the DWSC) for the flow indicated
based on Figure 7

Travel Time (Mossdale
to Turner Cut)

Sum of Travel Time (Mossdale to Channel Pt) + Travel Time (Channel Pt to Turner Cut) for the flow
indicated

DO Deficit at Mossdale | Amount of DO deficit below water saturation measured at Mossdale on the dates sampled

Loads (Mossdale + Sum of the BOD, estimated at Mossdale for the date indicated + Average daily BOD, contributed by the

City) City for that month

% City Percent of the “Mossdale + City” BOD, loads contributed by the City

Turner Cut (Calc.) Estimated residual BOD, load at Turner Cut, based on the “Mossdale + City” BOD, loads x the exponential
decay of the BOD, loads: BOD, = BOD, x ¢™, where BOD, = BOD ultimate at time t, BOD, = BOD
ultimate, k = BOD rate constant = 0.094/day, t= time of measurement, which is the estimated travel time
from Mossdale to Turner Cut

R7 (Meas.) BOD, load measured at Turner Cut on the date sampled. This is the residual load, which is equal to the load
that will be exported from the DWSC.

DO Deficit at R7 DO deficit below saturation measured at Turner Cut on the date sampled. This is the DO deficit below

saturation that will be exported from the DWSC at Turner Cut.

Sum of Deficits Below
WQO

Sum of the masses of DO deficits below the WQO applicable to the date sampled (5 or 6 mg/L), for each
segment of the DWSC between Channel Pt and Turner Cut, which equals the sum for all segments of the
(volume of the segment times its DO deficit below WQO) on the date sampled.

Oxygen Demand
Exerted in DWSC

Total “Mossdale + City” BOD, loads to the DWSC minus the R7 (Meas.) plus the DO Deficit at R7. This
column represents the amount of BOD,, load added to the DWSC from upstream sources, minus (the oxygen
demand BOD, exported from the DWSC plus the oxygen deficit exported from the DWSC at Turner Cut).
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The factor of 3 in equation (2) was used to convert the BODs to an estimated BOD ultimate
(BOD,). This factor is based on the results of Litton (2003) and Lehman (2002), who reported
that nitrification-inhibited BODs measurements showed that 40 to 60 percent of the BODs was
due to carbonaceous BOD, with the remainder due to nitrogenous BOD. A 50-percent split
between the two forms of BOD was used in these calculations. Based on samples taken from the
SJR and the DWSC, Litton (2003) concluded that the CBODs should be multiplied by 2.5 to
convert to CBOD,, and the NBODs should be multiplied by 3.5 to convert to NBOD,. With a
50-50 split between CBOD and NBOD, multiplying the measured BODs by 3 yields an estimate
of the sum of the CBOD, and NBOD,,. The factor of 5.4 converts all the units to 1b/day.

During the study period (August, September and October 1999, and June through October 2000
and 2001), 43 sampling runs were made by the City, in which measurements were made of a
variety of parameters at about a dozen locations in the DWSC and the SJR upstream of the
DWSC. The data have been presented by the city of Stockton (Jones & Stokes, 2000, 2001,
2002). A summary of selected parts of these data is presented in Appendix F. The average
BODs measured by the City at Mossdale during the summer and fall, from August 1999 through
October 2001, was 3.7 mg/L. The range was from 1.3 to 7.0 mg/L, with values less than about 2
mg/L occurring in October. The average sum of the chlorophyll a plus pheophytin a was about
64 ng/L during the three summer/fall periods. Again, the low values occurred in October. Based
on the data presented in Appendix E, a BODs value of 5 mg/L corresponds to a measured value
of about 100 pg/L of chlorophyll a plus pheophytin a. As discussed above, the primary source
of BOD at Mossdale was algae that developed in the SJR upstream of this location.

Examination of Tables 3, 4 and 5 shows that the average flow of the SJR through the DWSC
during the summer/fall 1999, 2000 and 2001 was about 930 cfs. The flows ranged from a low of
395 to a high of 2,416 cfs. Many of the values are in the range of 600 to 1,200 cfs. The average
flow of 930 cfs yields an average travel time between Channel Point and Turner Cut of 8.6 days.

The city of Stockton oxygen demand loads are based on measured concentrations of CBODs
using a nitrification-inhibited BODs measurement, times 2.5 to calculate the CBOD,, plus the
ammonia plus organic nitrogen concentration measured in the effluent times 4.57 (to convert
ammonia nitrogen concentrations to NBOD,). The concentrations of CBOD, plus NBOD, were
multiplied by the City’s effluent flow and 5.4 to calculate the total BOD, load contributed by the
City’s wastewater discharges to the SJR just upstream of where the SJR enters the DWSC at
Channel Point. The City’s average effluent flow to the SJIR during the summer and fall 1999,
2000 and 2001 was 42 cfs. The average for the summer/fall CBODs during the study period was
5.3 mg/L. The average effluent NH; was 12 mg/L N with a monthly average range of about 3 to
25 mg/L N. The average organic N was 3.2 mg/L. with a monthly average range of 1.7 to 4.5
mg/L N. The monthly average planktonic algal chlorophyll a in the City’s wastewater effluent
was 23 pg/L with a monthly average range of 5 to 41 pug/L during the summer/fall of the three-
year study period.

The nitrification-uninhibited BODs of the City’s effluent was 7 mg/L. However, it was found in
this review that the BODs value is not a reliable indication of the BOD, since it did not properly
account for the NBOD in the sample. Brown (pers. comm., 2002) suggested that this value is
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low since there may not be sufficient assimilatable organic carbon in the BOD bottle to enable
the nitrifying bacteria to oxidize the ammonia in the sample.

The sum of the Mossdale average monthly oxygen demand load plus the city of Stockton
average monthly oxygen demand load is presented in Tables 3, 4 and 5, as the “Mossdale + City”
column. The average load over the three summer/fall periods is 86,000 Ib/day, with the City’s
contribution to this load averaging about 25 percent of the total load. During the study period,
the City’s percent contribution to the total load of BOD, to the DWSC ranged from about 5
percent to about 54 percent. The City’s CBOD, + NBOD, loads ranged from about 3,000 Ib/day
to 30,000 Ib/day during the summer/fall months. During the winter/spring, the City’s
contribution of CBOD, + NBOD, loads can be as much as 37,000 Ib/day. Normally, but not
always, the SJR flow through the DWSC during the late winter and spring is considerably
elevated compared to the summer/fall. The organic nitrogen NBOD, loads during the
summer/fall ranged from about 2,000 to almost 5,000 Ib/day. The remainder of the NBOD, load
is due to ammonia.

Lehman (2002) has concluded that the city of Stockton’s ammonia discharges are likely a major
cause of DO depletion in the DWSC. According to Lehman (pers. comm., 2002), oxygen
demand in the DWSC was primarily caused by nitrogenous BOD (NBOD) that reached up to 85
percent of the oxygen demand in the DWSC at Rough and Ready Island in 2000 and 2001.
Lehman (2002) further reported that the total and nitrogenous BOD in the DWSC was associated
with ammonia concentrations that varied directly with ammonia discharged from the Stockton
wastewater treatment plant in both 2000 and 2001.

The CVRWQCB (2002a) has adopted a revised NPDES wastewater discharge permit for the city
of Stockton that limits the monthly average ammonia concentration in the effluent to 2 mg/L for
aquatic life toxicity reasons. The permit has been appealed to the State Board by the city of
Stockton. If the permit is upheld, then the oxygen demand load reduction would result in up to a
20,000 1Ib/day BOD, reduction during the time that the city of Stockton’s wastewaters contain 20
or more mg/L ammonia N. This reduction will be most significant during the fall months, when
the City’s effluent tends to contain on the order of 20 mg/L ammonia N, and when the SJIR
DWSC flow is reduced to a few hundred cfs during October/November when the upstream algal
load of BOD, is reduced. The city of Stockton’s revised NPDES permit is not based on the
potential for ammonia discharged by the City to be an oxygen demand source in the DWSC. It is
based on the CVRWQCB’s findings that the City’s wastewater discharges of ammonia at times
could be in excess of the US EPA (1999a) revised water quality criteria for ammonia. In 1999
the US EPA revised its ammonia criteria to reflect new information that indicated that ammonia
is not as toxic to fish as originally thought. The US EPA is now allowing a longer-term
(monthly) ammonia concentration averaging period in implementing the water quality criteria
than has been used in the past.

Examination of Tables 3, 4 and 5 for the total load (Mossdale + City) shows that this load, at
times, especially under elevated SJR flows through the DWSC, can be as much as 150,000
Ib/day BOD,. For example, on October 24, 2000, with an SJR DWSC flow of 2,416 cfs, the total
estimated load was 153,800 lb/day BOD,. It is of interest that a 1 mg/L difference in BODs

50



measured at Mossdale translates to about 16,200 lb/day of BOD, at a flow of 1,000 cfs.
Therefore, small changes in the measured BOD at Mossdale can cause substantial changes in the
measured oxygen demand load (BOD,) added to the DWSC at Channel Point.

Mossdale could be exerted in the SJR between Mossdale and Channel Point. Tables 3, 4 and 5
present the estimated travel times between these two points as a function of the flows that were
measured during the study period based on the relationships presented in Figures 6 and 7.
Typically, there is a 1- to 2.5-day travel time between Mossdale and Channel Point, provided that
the UVM flows are above about 600 cfs. With SJR DWSC flows on the order of about 400 cfs,
there is about a 4-day travel time between Mossdale and Channel Point. Several investigators
(Lehman, 2002; Litton, 2003; Van Nieuwenhuyse, 2002) have indicated that the algae present at
Vernalis appear to be healthy; however, when they enter the tidal reach of the SJR, which occurs
between Vernalis and Mossdale, they become distressed and start to die. It appears, therefore,
that a several-day travel time between Mossdale and Channel Point is sufficient time for some of
the BOD measured at Mossdale to be exerted by the time it reaches Channel Point. This would
be particularly important under UVM SJR DWSC flows less than about 500 cfs.

An attempt was made to examine the changes in BODs between Mossdale and Channel Point by
comparing the BODs measured at Mossdale to the BODs measured at Channel Point (R3) (see
Appendix F). The average BODs at Mossdale over the study period was 3.7 mg/L. The average
BODs at Channel Point was 3.6 mg/L, with a range from 1.4 to 9.5 mg/L. While individual
sampling runs show increases or decreases between the two locations, on the average, there is no
change in the BODs between Mossdale and Channel Point. It appears that, while some of the
BOD present at Mossdale is exerted in the SJR by Channel Point, the amount exerted is
compensated for by the additional BOD load added by the City just upstream of Channel Point.
Also, there would be some algal growth in the SJIR between Mossdale and Channel Point, which
would add BOD to the SJR at Channel Point.

A comparison between the dissolved oxygen concentrations found at Mossdale and saturation
values for the measured temperature shows that, frequently, the waters at Mossdale are
supersaturated with respect to DO by, at times, as much as 4 mg/L. Occasionally, DO may be
undersaturated by 0.5 to 1 mg/L. However, at Channel Point, the summer/fall average DO
during the study period was 5.8 mg/L, which, on the average, was about 2.7 mg/L under
saturation. While the City’s effluent, which enters the SJR just upstream of Channel Point, is
usually undersaturated with respect to DO by about 0.5 to 1.7 mg/L, the City’s effluent flow of
about 40 to 50 cfs is such that the effluent undersaturation does not affect the DO saturation of
the SJR with SJR DWSC flows of about 200 or more cfs. Litton (pers. comm., 2002) has
reported that the DO in the SJR near where the city of Stockton discharges its wastewater
effluent is typically at saturation. Since this location is about two miles upstream of Channel
Point, it does not appear that the DO concentrations several mg/L. below saturation normally
found at Channel Point are due to BOD exertion in the SJR upstream of the DWSC. Litton has
indicated he believes that the average 2.7 mg/LL DO undersaturation at Channel Point during the
summer/fall study period is due to mixing of low-DO water within the DWSC with the SJR
water.
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Tables 3, 4 and 5 present (in the column labeled “Sum of Deficits Below WQO”) the amount of
oxygen in pounds that would need to be added to the DWSC to eliminate violations of the water
quality objective at various locations in the DWSC between Channel Point and Turner Cut.
These values are based on the City’s mid-depth measurements of dissolved oxygen at each of the
sampling stations (R3 to R7). This DO was compared to the water quality objective (5 or 6
mg/L, depending on the month). Based on the information provided by Brown (2002a) on the
volume of the DWSC associated with each sampling station segment and the measured DO
concentrations relative to the WQO, the total magnitude of the oxygen demand deficit was
computed. The oxygen demand deficits for the segments were summed, and the values entered
into Tables 3, 4 and 5 for the dates of the individual sampling runs. Examination of these tables
shows that, while there were a number of sampling runs made in 2000 where there were no
deficits below the WQO, in 1999 over 78,000 Ib of oxygen would be needed to satisfy the WQO
deficit that occurred on October 19. Similarly, on September 18, 2001, approximately 47,000 1b
of oxygen would be needed to satisfy the DO deficit below the water quality objective. The
overall average WQO deficit for the three-year study period was 20,000 Ib.

The average DWSC DO deficit below saturation for 1999 was 3.7 mg/L. In 2000 it was 2.7
mg/L, and in 2001, 3.2 mg/L. With a DWSC volume on the order of 15,000 ac-ft and a 3 mg/L
deficit below water saturation, 120,000 1b of DO deficit frequently exists in the DWSC during
the summer/fall months. Since the water at Mossdale is saturated with respect to DO, a
considerable part of the oxygen demand associated with the Mossdale + City’s load is exerted in
reducing the DWSC DO concentrations to or below the water quality objective.

Tables 3, 4 and 5, column “DO Deficit at R7,” presents the DO deficit from saturation exported
load measured at Turner Cut. The “DO Deficit at R7” column is the amount of DO deficit that is
being exported to the Central Delta by the Sacramento River cross-SJR DWSC flow caused by
the State and Federal Projects’ pumping to Central and Southern California. This deficit also
represents oxygen that was used in the DWSC to satisfy BOD that was not compensated for by
atmospheric surface aeration and algal photosynthesis. The average DO deficit exported from
the DWSC at Turner Cut was about 16,000 Ib/day with a range of about 5,000 to 38,000 lb/day.
As discussed above, the atmospheric oxygen reaeration, with a 4 mg/L deficit from saturation, is
about 4,500 Ib/day.

Examination of Table 3, which presents the deficits for 1999, shows that the average DO deficit
below the water quality objective in the DWSC during August through October was 46,000 1b.
Table 4 shows that the average deficit, for those sampling runs where there was a deficit below
the water quality objective, was about 8,000 1b during 2000. Table 5 shows that, during 2001,
the average deficit, for those sampling runs were there was a deficit below the water quality
objective, was 22,000 1b. The magnitude and location of these deficits within the DWSC is
shown previously in Figure 9 (Hayes cruise data). Examination of this figure shows that 1999
had much greater deficits in terms of magnitude and extent than were found in 2000 and 2001.
The Figure 9 data was based on the Hayes cruises, while Tables 3, 4 and 5 were based on the
data collected by the city of Stockton.
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The column labeled “R7 BOD, loads (Meas.)” is the amount of BOD,, exported form the DWSC
at Turner Cut. The average BOD, export for the study period was about 34,400 Ib/day. This is
the BOD, load that enters the Central Delta via Columbia Cut and Turner Cut. The sum of the
R7 BOD, export and the R7 DO deficit (average 16,000 + 34,400 Ib/day) is the total oxygen
demand load to the Central Delta. At times, in excess of 157,000 1b/day of oxygen deficit below
saturation is exported into the Central Delta. As discussed by Lee and Jones-Lee (2000a) there is
no information on DO depletion problems in the Central Delta in Columbia Cut, Turner Cut or
Middle River below where these two channels mix with Middle River (see Figures 1 and 2).

The column presented in Tables 3, 4 and 5 labeled “Oxygen Demand Exerted in DWSC” is an
assessment of the difference between the BOD, added to the DWSC (Mossdale + City), minus
the sum of the DO deficit from saturation at R7 and the oxygen demand exported from the
DWSC (“R7 (Meas.)” column). The negative values shown in the “Oxygen Demand Exerted in
DWSC” column represent a net production of oxygen demand in the DWSC compared to the
Mossdale + City load. For 1999 the excess oxygen demand present at R7 (Turner Cut),
compared to the load, represented as much as 50,000 Ib/day. Typically in 1999, there was more
oxygen demand plus DO deficit exported from the DWSC than added to it from upstream loads.
Some of this difference could be related to the sampling frequency and the fact that there is often
a one- to two-week lag between a measured Mossdale plus City load and when the residual load
reaches R7. Probably the greatest cause of the differences relates to the approach used for
calculations of loads, and potential problems in reliably measuring the BOD of algae and the
nitrification reactions.

Examination of the data for 2000 and 2001 (Tables 4 and 5) shows that for positive values there
was a reduction in the oxygen demand loads present at R7, compared to the load derived from
the City and present in the SJR at Mossdale, that ranged from about 5,000 to about 107,000
Ib/day. There were no negative values (net oxygen demand production in the DWSC) in the
“Oxygen Demand Exerted in DWSC” column for 2000 (Table 4), and the negative values in this
column for 2001 (Table 5) were in late September and October. The October data for all three
years are different from the summer data. This may be related to the decrease in algal load in the
SJR at Mossdale and the increase in the City’s ammonia discharges.

Brown, on behalf of the city of Stockton (Jones & Stokes, 2000, 2001, 2002) has examined the
ratio of the city of Stockton measured concentrations of electrical conductivity, chloride, BOD,
ammonia, organic nitrogen, chlorophyll a, pheophytin a and several other constituents present at
R3 (Channel Point) and R7 (just upstream of Turner Cut). In the three years, as expected, the
ratios of the average concentration of electrical conductivity and chloride at R3 and R7 were 1.0.
This indicates that these constituents were conservative in the passage through the DWSC and
that there were no major additions or dilutions between R3 and R7.

In 1999 the overall average BODs ratio showed no change between the two locations, while in
2000 and 2001 the overall average BODs at R7 was 0.53 and 0.6 times the overall average BODs
at R3, respectively. Based on the information presented in Appendix F, the overall ratio of
BOD, at Turner Cut to BOD, at Channel Point over the three years of study was 0.68. In 1999
the ammonia R7 to R3 ratio was 0.4, while in 2001 it was 0.3. The overall average Kjeldahl
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nitrogen ratio in 1999 was 0.6, and in 2001, was 0.7. The concentrations of ammonia and
Kjeldahl nitrogen in the DWSC during 2000 (which was a high-flow year) were less than the
detection limit used by the City.

In 1999 the R7 to R3 overall average ratio for chlorophyll a and pheophytin a was 0.8 and 0.6,
respectively, while in 2000 it was 0.6 and 0.4, respectively. In 2001, it was 0.85 and 0.45,
respectively. These results show that, in general, the concentrations of oxygen-demanding
constituents (BOD, ammonia/organic nitrogen and chlorophyll a/pheophytin a) decreased down
the DWSC. However, there were times where, on an individual day, the concentrations of BOD
and planktonic algae increased between R3 and R7. This would indicate that during certain
times there was an apparent increase in the concentration of algae down the DWSC.

The “Turner Cut (Calc)” column is the calculated residual oxygen demand that should be present
at R7, assuming that the total BOD, load decays in accord with Litton’s (2003) first-order rate
constant of 0.094 per day. This BOD, decay relationship is shown in equation (3).

L,=BOD, x ¢ X 3)

Where
L;=BOD ultimate at time t in mg/L
BOD, = BOD ultimate in mg/L
k = BOD rate constant = 0.094/day
t = time of measurement in days

Based on the total BOD, (Mossdale + City) added to the DWSC and the travel time from
Channel Point to Turner Cut for the City’s sampling run, the “Turner Cut (Calc)” is developed.
This column is an estimate of the BOD, that would be expected to be present at Turner Cut if the
only factor influencing BOD removal was its decay in accord with the first-order relationship
that typically describes BOD exertion. A comparison of this column with the “R7 Meas.”
column shows that sometimes there is more BOD, measured at Turner Cut than would be
expected. The three-year average Turner Cut calculated is about 29,000 Ib/day with a range of
7,000 to 113,000 Ib/day, while the three-year average measured BOD, at Turner Cut was 34,400,
with a range of 5,000 to 154,000. This positive difference could be due to algal growth in the
DWSC. Negative R7 measured values compared to the calculated values could reflect the loss of
algae and detritus that is removed by settling in the Channel. There is no apparent pattern in the
data as to the cause of the excess or negative differences.

Brown, on behalf of the city of Stockton (Jones & Stokes, 2000, 2001, 2002) has examined the
overall vertical gradient ratios of constituents in the DWSC during the three years of study. In
general, the overall average vertical gradient ratios for most dissolved constituents between the
surface and near-bottom waters during the summer/fall over the three years was about 1.0,
indicating that, overall, most of the time, the concentrations of temperature, pH, BOD,
phosphorus, electrical conductivity, nitrate and chloride in the surface waters are similar to those
near the bottom. This means that, with respect to these parameters, the DWSC at any station
along the DWSC is vertically well-mixed.
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There were, however, some important differences between the surface and bottom, especially
with respect to particulate constituents such as total suspended solids (TSS), volatile suspended
solids (VSS), turbidity, chlorophyll a and pheophytin a. The near-bottom waters tended to have
higher concentrations of particulates. This is in accord with Litton’s (2003) finding that the tidal
currents in the DWSC are sufficient to suspend sediments into the near-bottom waters. Brown
also reported that the DO near the bottom was almost always less than that at the surface, by as
much as 0.5 to several mg/L. This is apparently due to the algal photosynthetic production of
oxygen in the near-surface waters and the suspended sediment oxygen demand in the near-
bottom waters.

While there is not a permanent density (temperature) difference between surface and bottom
waters, it appears that there may not be sufficient vertical mixing in the DWSC to fully mix the
water column each day. Evidently, the tidal currents do not induce full vertical mixing in the
DWSC. Examination of the RRI daily temperature data for 2000 and 2001 and 2002 (not
presented in this report, available from http://cdec.water.ca.gov/cgi-progs/queryF?s=rri&d=
now&span=12hours) shows that, typically, there is a 1 to as much as 4 °F diel temperature
change in the near-surface waters of the DWSC. The highest temperatures are recorded about
4:00 pm, with the lowest temperatures occurring in early morning. This situation reflects a
surface water warming that leads to a temporary stratification of the water column, with the
cooling that occurs in late afternoon/evening associated with mixing of the water column and
loss of heat through the surface to the atmosphere.

Mass Balance Evaluation. Figure 16 presents a diagram of the three-year summer/fall average
loads of oxygen demand at Mossdale plus the City’s oxygen demand wastewater loads, export of
oxygen demand from the DWSC at Turner Cut and the magnitude of oxygen deficit below the
water quality objective within the DWSC between Channel Point and Turner Cut. This diagram
is based on the average of 43 city of Stockton sampling runs during August-October 1999 and
June-October 2000 and 2001. This figure shows that on the average during the summer and fall
the oxygen demand (BOD,) load at Mossdale added to the DWSC is on the order of 67,000
Ib/day. The city of Stockton on average adds about 17,000 1b/day of BOD,. The upper end of
Litton’s measurements of sediment oxygen demand was about 2,000 Ib/day, for a total average
oxygen demand load of about 86,000 Ib/day BOD,,.

One of the sources of oxygen demand to the DWSC that has not been adequately characterized is
discharges from local sloughs (tidal drainage ways) that are connected to the SJR downstream of
Mossdale or directly to the DWSC and the Turning Basin from the city of Stockton. In June
2001, members of the TAC, as part of the Quinn/Tulloch agricultural diversion/discharge
studies, toured French Camp Slough by boat and visually observed that the waters in the Slough
contained high planktonic algal chlorophyll a in the surface water, and the mid-bottom to bottom
waters had low DO, indicating that there was considerable biological activity occurring in French
Camp Slough. Since French Camp Slough is tidal, there is some exchange between French
Camp Slough and the mainstem of the SJR on each tidal cycle. As a result, additional algal loads
could be added to the SJR that are developed within French Camp Slough. Further, low-DO
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waters from French Camp Slough could be mixed into the waters of the SJR, contributing to an
oxygen deficit.

As discussed by Lee and Jones-Lee (2000a), based on the limited data collected by King (2000),
French Camp Slough is a potentially significant source of oxygen demand when the SJR flow
through the DWSC is a few hundred cfs. The oxygen demand in French Camp Slough could
arise from upstream French Camp Slough sources of agricultural runoff and wastewater
discharges from dairies, as well as algal growth within the Slough. During October 1999, based
on limited data, it was estimated that French Camp Slough was adding about 1,700 1b/day of
BOD, to the SJR downstream of Mossdale.

The city of Stockton has a number of tidal sloughs that connect directly to the SJR, the Port of
Stockton Turning Basin or the DWSC. These include Mosher Slough, Five-Mile Slough, Smith
Canal, Calaveras River, Walker Slough and Mormon Slough. Generally, water quality in these
sloughs is poor during the summer, where low DO concentrations exist at mid-depth and near the
bottom. Further, there can be appreciable algal concentrations in the surface waters. There is
tidal exchange of waters between these sloughs and the SIR/DWSC. The tidal exchange could
bring some additional oxygen demand load into the SJR and DWSC from these sloughs.
However, based on the limited net flow, it is expected to be of minor significance. The amount
of oxygen demand loads from these tidal sloughs has not been quantitatively evaluated. A
subsequent section discusses the potential significance of city of Stockton stormwater runoft-
associated oxygen demand on DO in these tidal sloughs and its potential impact on the DO
resources of the DWSC.

Another source of oxygen demand materials (algae) is the Port of Stockton Turning Basin and
the waters between the Turning Basin and McLeod Lake (see Figure 3). The channel between
the Turning Basin and McLeod Lake develops large populations of algae, which, through tidal
action, are to some extent transported into the DWSC and thereby mixed with SJR DWSC water.
Further, studies on the Turning Basin have shown that it tends to have higher concentrations of
algae and lower concentrations of DO in the bottom waters than at Channel Point in the DWSC.
At this time, the impact of the Turning Basin and the upstream channel to McLeod Lake on
DWSC water quality has not been quantified.

Atmospheric reaeration adds about 4,500 1b/day and the Corps of Engineers’ mechanical aerator
at Channel Point has a potential of adding about 2,000 1b/day of dissolved oxygen to the DWSC
waters. This aerator is only operated some of the time when there is a DO deficit in the DWSC
during the late summer and fall. It is not operated during the early to mid-summer. Further,
Brown (2003) reported that the COE aerator operates at less than its design capability.

The algae that develop in the DWSC represent a potential oxygen demand that is compensated
for by the oxygen they produce in photosynthesis. However, as discussed above, there likely is a
separation of the photosynthetically produced oxygen and the DWSC-produced algal oxygen
demand as a result of the algae and detritus derived from the algae settling and adding to the
near-bottom oxygen demand. The photosynthetically produced oxygen remains in the water
column, reducing the magnitude of water column oxygen deficit.
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Assuming that surface reaeration adds 4,500 Ib/day of DO to the DWSC and assuming that the
COE aerator is not operating, it is estimated that the total oxygen demand sinks are about 70,900
Ib/day. This value is compared to the oxygen demand load of 86,000 1b/day. There is about a
15,100 Ib/day difference. This difference is well within the reliability of oxygen demand
measurements at Mossdale, in the City wastewater discharges and the measurements made at R7
near Turner Cut. At the average flow of the SJR DWSC of 930 cfs, a one mg/L error in BODs
measurement translates to about 15,000 Ib/day BOD,.. Considering all the approximations and
assumptions used to make these estimates there is remarkable agreement (e.g., within about 25
percent) between the three-year summer/fall average loads and sources/sinks of DO in the
DWSC.

Figure 16 shows a potential loss of oxygen demand from the SJR between Mossdale and
Channel Point, due to agricultural diversions of irrigation water. According to Quinn/Tulloch
(2002) it is estimated that the maximum diversions during the May through August irrigation
season would be about 500 cfs. Again, these diversions are likely to be the most significant
during the times when the SJR DWSC flow is a few hundred cfs or less, which would occur
during periods of drought and/or when essentially all of the SJR flow at Vernalis is diverted into
Old River for export to Central and Southern California.

Table 7 summarizes the oxygen demand, sinks/exports of oxygen demand and oxygen deficit for
the DWSC.

Table 7
Average Mass Balance of Oxygen Demand Loads and Sinks

Oxygen Demand Loads Ib/day

BOD, Load in the SJR at Mossdale 67,000

BOD, Load — City of Stockton 17,000

Oxygen Demand Exerted by Bedded Sediments 2,000

Total 86,000
Oxygen Demand Sinks and DO Sources Ib/day

Atmospheric Reaeration 4,500

COE Mechanical Aeration (potential) 2,000

BOD, Exported at Turner Cut 34,400

DO Deficit Exported at Turner Cut 16,000

DWSC O, Deficit Below Saturation 14,000

Total 70,900
Mass Balance Difference 15,100 Ib/day

On the average about 50,400 Ib/day of BOD, and oxygen deficit below saturation are exported
from the DWSC at Turner Cut. The total average oxygen deficit from the applicable WQO is
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about 20,000 Ib which, when divided by the average travel time between Channel Point and
Turner Cut of 8.6 days based on an average SJR DWSC flow of 930 cfs, translates to an average
2,300 Ib/day oxygen deficit. This is an estimate of the average amount of aeration that is needed
to eliminate the DO deficit below the current water quality objective. The total oxygen deficit
during the summer and fall for all three years below saturation is about 120,000 1b or 14,000
Ib/day.

Examination of the data presented in Tables 3, 4 and 5 shows that in 1999 there were several
days where on the order of 75,000 lb of oxygen deficit occurred in the DWSC. In 2001, there
were several days where there was on the order of 50,000 Ib of oxygen deficit. Dividing the
deficit found by the hydraulic travel time for the sampling run shows that the greatest deficits
found during the three years of study would require the addition of about 6,000 Ib/day of DO to
eliminate violations of the WQO. The actual amount of aeration that will be needed will be
greater than the projected amount in order to cover the inefficiency of various types of aerators.

The CVRWQCB staff (Gowdy and Foe, 2002) have proposed that, during the initial phase of
TMDL implementation, the water quality target for DO concentration for the daily minimum
seven-day running average be set at 5 mg/L with no value less than 3 mg/L. This target will
require less aeration than that projected in the above calculations since this interim target would
allow deviations from the current water quality objective of 6 mg/L during the period September
1 through November 30. With a DWSC volume of 18.3 x 10° liters (15,400 ac-ft), 1 mg/L of DO
deficit represents about 40,000 Ib of oxygen demand. Decreasing the WQO from 6 to 5 mg/L
during September, October and November will decrease the deficit below the WQO during the
initial implementation phase of the TMDL by about 40,000 1b/day. Examination of the “Sum of
Deficit Below WQO” column in Tables 3, 4 and 5 shows that during 1999, using the 5 mg/L
WQO rather than the 6 mg/LL WQO applicable during September through November, two of the
nine city sampling runs (on 9/7 and 9/21) would not have shown a violation of the WQO.

Following the same approach for fall 2000 shows that there would have been no WQO violations
during this period. However, there were several WQO violations of up to about 11,000 1b during
the summer months when the WQO was 5 mg/L. During 2001 all but two of the WQO
violations during September and October would have disappeared if the interim proposed 5 mg/L
DO objective were used rather than the 6 mg/L value. There were WQO violations in the
summer that would have to be addressed by aeration/oxygen demand load control. This analysis
does not consider the proposed daily minimum seven-day running average allowed violation of
the 5 mg/L interim DO WQO so long as the DO does not decrease below 3.0 mg/L. Considering
the running daily minimum seven-day average approach would further reduce the number of
WQO violations during the summer and fall.

Overall, based on box model calculations, it appears that on the average, supplemental aeration
on the order of several thousand Ib/day of oxygen added to the DWSC would be adequate to
satisfy the oxygen demand that exists in the DWSC to meet the proposed interim target WQO.
There are situations where much larger amounts of DO will be needed to prevent DO depletion
below the proposed interim DO WQO and the current CVRWQCB WQO.

59



Need for Further Data Evaluation. The relationship between SJR DWSC flow, oxygen demand
load and DO depletion in the Deep Water Ship Channel, in the flow range of 600 to 1,500 cfs, is
not obvious. However, as shown in Figure 9, when the SJR DWSC flow is above about 2,000
cfs the DO depletion problems are essentially eliminated, and it is likely that aeration would not
be necessary to meet the WQO during these higher flows. The week-to-week variation is
sufficiently complex so that an adaptive management approach will have to be used to learn how
to best aerate the DWSC to meet the WQO. Pilot aeration studies will need to be conducted for
several years to determine how best to aerate the DWSC in the most cost-effective manner. This
issue is discussed further below.

Further analysis of the existing database for the SJR and its tributaries is needed as time and
funds permit. The additional data review should include an examination of the estimates of
oxygen deficit in the DWSC based on the DWR Hayes cruises. These cruises provide
information on DO depletion below the water quality objective and saturation for surface and
bottom waters at several locations in the DWSC since 1983. In addition, detailed review of the
city of Stockton data is needed to examine on a sampling-run-by-sampling-run basis the internal
consistency of the measured concentrations of BOD, ammonia and chlorophyll a from Mossdale
to Turner Cut. This examination will help to determine if there are any spurious data points at
Mossdale or Turner Cut which cause the results of the box model calculations for a particular
sampling run location to be out of line from other runs and what would be expected. Particular
attention should be given to the changes in chlorophyll a down the DWSC which would explain
the high BOD, load being exported from the DWSC at certain times.

One of the issues that needs to be addressed in more detail is the influence of Mossdale to
Channel Point travel time as a function of DWSC flow to determine if the variability in response
is related to the lag time between when oxygen demand loads are assessed at Mossdale and when
the responses to these loads occur at Turner Cut. There is need to consider load-response
relationships in the DWSC from a Lagrangian transport of oxygen demand loads through the SJR
upstream of the DWSC and within the DWSC perspective. Under low flow conditions there can
be as much as two weeks’ difference between when a total oxygen demand load to the DWSC, as
calculated at Mossdale, is fully expressed in DO depletion, residual oxygen demand load and DO
deficit export at Turner Cut. If there are significant changes in flow during this period then these
would reflect a change in travel time which could cause deviations in the oxygen demand load
DO depletion response relationship found for a particular city of Stockton sampling run.

A critical evaluation needs to be made as to whether, under low SJR DWSC flow conditions of
less than about 600 cfs, the City’s wastewater discharge pattern, where no discharges occur on
weekends and where elevated discharges occur during the early part of the following week, is
responsible for some of the variability in the oxygen demand-load response relationships that
have been found in the data that have been collected over the past three years. The issue of
concern is whether the sampling locations near Turner Cut represent water that originally has
reduced City oxygen demand load because it was originally discharged to the SJR on a weekend,
or whether it has an elevated load compared to the rest of the week because it was discharged
during an elevated City discharge period. While there is expected considerable tidally-induced
longitudinal mixing within the DWSC, it is not clear that the longitudinal mixing that occurs is
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sufficient to eliminate the influence of the variable discharge pattern that occurs in the City’s
wastewater effluent, on the data collected at various locations along the DWSC.

A similar issue relates to the variability of the planktonic algal loads at Mossdale compared to
the average loads used to examine load-response relationships in the box model calculations.
Lehman (2002) has reported, based on continuous monitoring of planktonic algal chlorophyll a
at Mossdale, that the chlorophyll a concentrations at Mossdale are highly variable from day to
day. Since the BOD load at Mossdale is related to the algal load, the week to every two week
average concentrations used in the box model calculations in Tables 3, 4 and 5 do not reflect the
higher frequency variability that is occurring in the BOD load to the DWSC. There is need to
better characterize the variability of the BOD loads at SJR Mossdale and, for that matter, the city
of Stockton’s loads to the DWSC on a daily basis and then follow the fate of these loads and
their impacts on DO depletion in the DWSC over the week to two weeks that a particular load
introduced at Mossdale and by the City takes to get to Turner Cut. As part of this pattern there is
need to understand the role of the tidally-induced longitudinal mixing within the SJR and DWSC
which would tend to smooth out the high-frequency variability in the oxygen demand loads to
the DWSC.

An issue that needs to be examined is whether variable amounts of erosion from the SJR
watershed upstream of Vernalis could lead to variable amounts of algal growth in the SJR due to
increased or decreased light penetration. The highly variable planktonic algal chlorophyll a
reported by Lehman (2002) for the Mossdale sampling station indicates the algal biomass
moving down the SJR is patchy. This patchiness may be related to algal discharge patterns in the
headwaters as well as variable amounts of suspended sediment which influences algal growth in
the SJR tributaries as well as the SJR. The data needs to be examined with respect to whether
there is an inverse relationship between planktonic algal chlorophyll a and inorganic turbidity
found in the samples.

An evaluation should be made of the expected decay (nitrification) of ammonia in the DWSC to
Turner Cut based on a first-order rate process for the ammonia present at Channel Point.
Deviations from the expected concentrations may be an indication of the amount of
ammonification of organic nitrogen that is occurring in the DWSC. In addition, there is need to
examine in detail the DWSC vertical profile data collected by the city of Stockton, G. Litton and
P. Lehman. This may help assess the representativeness of surface and bottom water DO
measurements collected by Hayes and the mid-depth DO measurements collected by the city of
Stockton in characterizing the DO deficit at any location and time. A review of the raw data
collected by Lehman needs to be conducted for information that they provide on these issues.
This additional data review may help elucidate why, under certain conditions, there are
significant deviations from the “average” that has been developed from the three summers of
data collected in 1999, 2000 and 2001.

Review of the 2002 Data. While the CALFED-supported Directed Action project monitoring of
the SJR and the DWSC ended in the fall of 2001, R. Dahlgren from the University of California,
Davis, continued to collect data on the SJR and its tributaries during 2002. The CVRWQCB
provided support so that the water samples collected from the SJR at Mossdale, Vernalis and
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Maze could be analyzed for BOD during the period June 2002 through the present (March 2003).
The Mossdale data are presented in Appendix F, Table F-7 and Figure F-1. These data have
been used to estimate the BOD load at Mossdale that occurred during 2002. Because of the high
variability in the flows of the SJR into the DWSC during most months, the high, average and low
daily flow were used to compute the estimated BOD, loads at Mossdale. The average was the
arithmetic average of the daily average UVM flows for the month. The SJR DWSC flow values
were obtained from examination of each month’s daily flows, as reported by C. Ruhl of the
USGS for the UVM. These data are presented in Table 8.

The city of Stockton is required to monitor its wastewater effluent for oxygen demand
constituents. The data for 2002 are presented in Appendix F, Table F-8. These data have been
used to compute monthly box-model-like calculations for 2002, using the approach described
above. The results of these calculations are presented in Appendix F, Table F-9, and in Table 8
below.

Examination of Table 8 shows that during any month in 2002 the range of total BOD, loads to
the SIR/DWSC was large. The low-flow values were from 20 to 70 percent of the high-flow
values during the month. Since in many months the flows were highly variable from day to day,
the oxygen demand loads to the DWSC were also highly variable. This type of data review
shows why examination of the average BOD, loads to the DWSC for the month may not
correlate well with the oxygen depletion during the month. It is evident that the BOD, load DO
depletion response relationship for the DWSC must be examined on a much shorter timeframe
than monthly, or even biweekly, averages.

Comparing the 2002 BOD, load at Mossdale plus the City’s BOD, load to corresponding times
during 2001 and 2000 shows that 2002 had higher oxygen demand loads. Table F-7 presents the
planktonic algal chlorophyll data for 2002 as measured at Mossdale. A comparison between the
planktonic algal chlorophyll plus pheophytin for 2000 and 2001, compared to 2002, shows that
higher planktonic algal chlorophyll concentrations were present in 2002. It should be noted,
however, that the 1999, 2000 and 2001 chlorophyll data presented earlier in this report, made
available by the City, were based on an acetone extraction method (APHA, et al., 1998), while
the Dahlgren data presented for 2002 (Table F-7) were based on an alcohol extraction method.
It has been found that the alcohol extraction method yields slightly greater chlorophyll
concentrations than the acetone extraction method. This difference, however, is not sufficient to
account for the increased chlorophyll found during 2002, compared to previous years.

Table 8 shows that the percent of the total oxygen demand load contributed to the DWSC by the
City ranged in 2002 from about 30 to near 90 percent on days when there was low flow of the
SJR through the DWSC. There was a short period during 2002 when the calculated SJR
ammonia concentration below the City’s wastewater treatment plant discharge was over 11 mg/L
ammonia N. As discussed below, the extreme low SJR DWSC flows that occurred during 2002
resulted in there being very little SJR water to dilute the City’s effluent ammonia, causing
elevated concentrations of ammonia in the DWSC during the low-flow events when the City was
discharging elevated ammonia.

62



Table 8

Estimated Oxygen Demand Loads for the DWSC during 2002

Month | DWSC Flow (cfs) Mossdale Stockton | Total (Mossdale + City) Percent City
Total BOD, (Ib/day) Contribution to
BOD, Total BOD,
Low | Ave | High | BODs BOD, (Ib/day) (Ib/day) Low Ave High | Low | Ave | High
(mg/L) | Low Ave High Flow Flow Flow | Flow | Flow | Flow
Flow | Flow Flow
Jan 2002 -54 | 1002 | 3953 - - - - - - - - - - -
February 194 | 387 | 719 - - - - 27,810 - - - - - -
March 305 | 588 | 1060 - - - - 31,723 - - - - - -
April 258 | 616 | 2452 - - - - 9,906 - - - - - -
May 339 | 1558 | 2320 - - - - 8,895 - - - - - -
June 87 | 584 | 896 5.2 11,625 | 53,492 | 79,775 8,978 20,603 | 62,470 | 88,753 | 44 14 10
July 193 | 430 | 772 7.2 129,510 | 57,154 | 97,044 | 10,886 | 40,396 | 68,040 | 107,930 | 27 16 10
August 39 | 353 | 861 7.2 10,730 | 47,356 | 106,609 | 21,042 | 31,772 | 68,398 | 127,651 | 66 31 16
September | 512 | 759 | 1005 4.6 |42,551]60,957 | 79,289 | 41,704 | 84,255 | 102,661 | 120,993 | 49 41 34
October 978 | 1342 | 1834 42 170,081 94,848 | 128,323 | 41,562 | 111,643 | 136,410 | 169,885 | 37 30 24
November | 85 | 814 | 1737 3.2 7,465 | 45,256 | 93,105 | 49,754 | 57,219 | 95,010 | 142,859 | 87 52 35
December | 161 | 462 | 1182 3.6 12,889 | 30,443 | 72,433 | 48,602 | 61,491 | 79,045 | 121,035 | 79 61 40
Jan 2003 94 | 377 | 859 3.6 8,981 | 25,486 | 53,596 | 40,875 | 49,856 | 66,361 | 94,471 82 62 43

Data not available

BOD, load to DWSC = BODs (Mossdale) * 5.4 * (SJR DWSC Flow + City Flow) * 3
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Table 9 presents information on the percent of the total oxygen demand load to the DWSC that is
due to the city of Stockton wastewater discharges. During 1999 through 2002 the city of
Stockton’s average monthly oxygen demand load to the DWSC ranged from about 6 to 62
percent, with many values in the 15 to 40 percent range. The higher oxygen demand loads were
associated with the periods of time when the City was discharging ammonia at concentrations
from 25 to 30 mg/L N and when the SJR flow through the DWSC was on the order of a few
hundred cfs -- i.e., when the upstream SJR algal associated BOD load was reduced.

The impact of the oxygen demand BOD,, load is related to the rate of exertion of the type of load
-- 1. e., algae versus ammonia. While ordinarily the carbonaceous BOD (algae) and nitrification
are modeled with rate constants of about 0.1 per day, if enhanced nitrification occurs, the percent
of the total oxygen demand load (TBOD,) that leads to DO values below the WQO due to the
city of Stockton wastewater ammonia would be greater than that indicated in Table 9. This issue
is discussed further below.

From a review of the previous years’ data it is evident that the DO depletion in the DWSC is
governed not only by the total BOD, load, but also by the travel time between Channel Point and
Turner Cut — i.e., the period of time over which this load can be exerted prior to its dilution
/export into the Central Delta.

Examination of the SJR DWSC flow data for 2002 (see Appendix B) shows that there were
several periods, including recently, when the SJR DWSC flow was only a few hundred cfs, with
several occasions with the SJR DWSC flow less than 100 cfs. As reported in the “Issues” report,
low flows are associated with low DWSC DO, where the low flows result in longer travel times
from Channel Point to Turner Cut (critical reach) and thereby enable a greater exertion of the
BOD load that is discharged to the DWSC.

In order to examine the impact of SJR DWSC flow on travel times, the monthly travel times
were examined for the 2002 DWSC low flow conditions (see Table 10, “Longest”). The travel
times presented in Table 10 have been computed based on the USGS SJR DWSC (UVM) flows
provided by C. Ruhl of the USGS, and the equations provided by R. Brown, discussed
previously. It has been found that for most months in 2002 there was a period when the travel
time from Channel Point to Turner Cut was over 20 days. During some months there were days
when the estimated travel time was over 30 days. According to R. Brown, his equations are
applicable for travel times only up to about 30 days.

Table 10 also presents the Mossdale to Channel Point travel times. There were a number of days
during 2002 when this travel time was in excess of 10 days. The Table 10 “Shortest” travel
times represent the situations associated with the highest SJR DWSC flow that occurred during
the month. Therefore, the range of travel times that occurred during the month is from the
“Shortest” to the “Longest” travel times presented in the table. It is evident that, because of the
extreme variability of flow that occurred in 2002 (and in some months in other years, as shown
in Appendix B), the travel times of the oxygen demand load through the critical reach of the
DWSC are highly variable.
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Table 9

Relationship between SJR DWSC Flow, Total BOD, Load to DWSC and
Percent of Total BOD, Load Contributed by the City of Stockton

1999 2000 2001 2002

DWSC | TBOD, | Percent | DWSC | TBOD, | Percent | DWSC | TBOD, | Percent | DWSC | TBOD, | Percent

Flow Load City Flow Load City Flow Load City Flow Load City

(cfs) (Ib/day) (cfs) (Ib/day) (cfs) (Ib/day) (cfs) (Ib/day)
June 927 71,462 14 677 68,362 17 584 62,470 14
July 689 54,232 6 624 57,776 20 430 68,040 16
August 937 64,605 18 1004 48,090 13 605 47,982 46 353 68,398 31
September | 927 110,619 20 1291 56,548 30 848 58,877 24 759 102,807 41
October 570 70,791 41 1583 92,294 35 1377 64,595 36 1342 | 136,282 30
November - - - - - - - - - 814 95,155 52
December - - - - - - - - - 462 79,637 62

- Data not available
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Table 10

SJR Vernalis and DWSC Flows and Travel Times in 2002

Month SJR Vernalis Flow DWSC Flow Old River Flow* Travel Time**
(cfs) (cfs) (cfs) (days)
Low High Low High Low High Mossdale to Channel Point to Turner Cut
Channel Point
Longest | Shortest | Longest | Shortest | Old River
Flow= 0
January 1800 6000 (-54)*** 3953 1854 2047 (-)H* 0.4 (-)*** 2 4.4
February 1800 2000 194 719 1606 1281 7.7 2.1 41 11 4.4
March 1900 2300 305 1060 1595 1240 4.9 1.4 26 7.5 4.2
April 1750 3100 258 2452 1492 648 5.8 0.6 31 33 4.6
May 2000 3600 339 2320 1661 1280 4.4 0.6 24 3.4 4.0
June 1300 1600 87 896 1213 704 17.2 1.7 92 8.9 6.1
July 1200 1500 193 772 1007 728 7.8 1.9 41 10.4 6.7
August 1050 1400 39 861 1011 539 38.5 1.7 205 9.3 7.6
September 1000 1400 512 1005 488 395 2.9 1.5 16 8 8
October 1400 2700 978 1834 422 866 1.5 0.8 8.2 4.4 5.7
November 1500 2100 85 1737 1415 363 17.6 0.9 94 4.6 53
December 1500 3000 161 1182 1339 1818 9.3 1.3 50 6.8 53
Jan 2003 1700 2000 94 859 1606 1141 16 1.7 85 9.3 4.7

*  Does not consider irrigation diversions between Vernalis and the DWSC, which are estimated to be on the order of 100 cfs (Quinn and Tulloch, 2002)
** (Calculated based on R. Brown’s equations: Mossdale to Channel Point Travel Time = 1500/UVM Flow (cfs)
Channel Point to Turner Cut Travel Time = 8000/UVM Flow (cfs)
*** Net Flow on this day of the month was upstream
- Not Computed
Source: USGS (2003)
http://waterdata.usgs.gov/ca/nwis/dv/?dd_cd=04_ 00060 00003 &format=img&site no=11303500&set logscale y=1&begin date=20011224)
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An issue of particular concern is when elevated SJR flows rapidly decrease, such as occurred at
the end of May 2002 and in mid-November 2002. Under these conditions the DWSC receives a
high oxygen demand load, followed by a period of low flow and, therefore, significant time to
exert the influence of this load on DO in the DWSC.

Table 10 also presents the USGS measured flows of the SJR at Vernalis for 2002. This
information was obtained from the USGS website. This information has been used to estimate
the amount of the SJR flow at Vernalis that has been diverted down Old River. It was found that
from 30 to as much as 96 percent of the lowest monthly SJR flow at Vernalis was diverted into
Old River. It has been found that if the SJR Vernalis flow was not allowed to flow down Old
River — i e., allowed to go down the SJR into the DWSC — the 2002 worst-case monthly travel
times from Channel Point to Turner Cut would be reduced from 20-30 days to 4-8 days (see the
rightmost column of Table 10).

According to A. Hinojosa (pers. comm., 2003) of DWR Delta Operations and Maintenance,
during the period when the Head of Old River rock barrier is in place, it is estimated that about
60 percent of the SJR Vernalis flow is diverted down Old River through the culverts in the
barrier. It is evident that in 2002 the percentage of the SJR Vernalis flow that was diverted into
Old River when the Head of Old River barrier was in place was often greater than the 60 percent
value.

The flow of the SJR at Vernalis for the past 12 years was obtained from the USGS website.
Table 11 presents a listing of the lowest SIR Vernalis flows for each of the years and the month
when these low flows occurred. All other flows during the year were above this value. A
comparison of the low flows at Vernalis with those of the SJR DWSC shows that the lowest SJR
DWSC flows occurred at the same time as when the SJR at Vernalis flow was lower. While
many times a low SJR flow at Vernalis persisted for several weeks, there were occasions when a
low flow at Vernalis occurred for only a few days. This situation caused a dip in the SJR DWSC
flow and a corresponding increase in the travel time between Channel Point and Turner Cut.

It is evident that some of the lowest SJIR flows (and, therefore, the longest travel times through
the critical reach of the DWSC) are a result of short-term flow manipulations that occur upstream
of Vernalis. From the information available, it appears that those who control the flow of the
SJR at Vernalis through upstream releases and diversions, need to exercise greater control of
rapid short-term decreases in the SJR at Vernalis flow, in order to avoid the short-term longer
travel times through the critical reach of the DWSC.

If the February 2003 SJR flow at Vernalis had been prevented from going into Old River and
allowed to proceed down the SJIR to the DWSC, the estimated over-30-day travel time for water
to go from Channel Point to Turner Cut would have been reduced to about 5 days. Decreasing
the travel time to a few days would, based on past data, essentially eliminate the February 2003
low-DO problem in the DWSC. Rather than having a long, thin lake where the BOD associated
with the upstream algae and the City’s ammonia have ample time to be exerted in the 30-plus-
day travel time, the critical reach of the DWSC would be converted to a riverine system with a 5-
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Table 11
SJR Historical Low Flows at Vernalis

Year Low Flow (cfs) When Measured
1987 1200 December
1988 1000 October
1989 1000 August
1990 700 September
1991 440 September
1992 400 June-August
1993 1000 January
1993 1500 July-August
1994 750 September
1995 1300 January
1996 1900 January, July-August
1997 1800 July-August
1998 1900 January
1999 1600 December
2000 1700 January, August
2001 1300 July-September
2002 1000 August-September
2003 (Jan - Feb) 1700 January
Source USGS (2003)

day travel time, where most (over 50 percent) of the oxygen demand load to the DWSC would be
diluted by the cross-SJR channel flow of the Sacramento River at Columbia Cut before it could
be exerted in the DWSC. This could significantly improve the 0 mg/L DO concentration that
was repeatedly present in mid-February 2003 in the surface waters at the RRI monitoring station.

One of the consequences of the current flow control approach where a large part of the SJR flow
at Vernalis is sucked down Old River by the State and Federal Projects is that the flow in the
DWSC is reduced to a very low level resulting in high ammonia in the DWSC. During 2002
there was a period when the calculated ammonia in the DWSC was over 11 mg/L N. There were
several periods when the City’s wastewater effluent, when diluted by the DWSC flow, was
above 5 mg/L N. One of the issues that is not being adequately considered is that the
combination of high ammonia and low DO leads to higher toxicity than ammonia alone. This
issue is not addressed in the current US EPA water quality criteria for ammonia. Further
discussion of ammonia as a source of oxygen demand is presented in a subsequent section.

In the past, the SJR DO TMDL Steering Committee and TAC have discussed the possibility of
increasing the flow of the SJR through the DWSC. The issue that should be addressed is how to
prevent the diversion of the SJR Vernalis flow down Old River. A review of the SJR flows at
Vernalis over the past 9 years shows that if the SJR Vernalis flow was allowed to pass through
the DWSC before export from the South Delta, the longest Channel Point to Turner Cut travel
time would be about 8 days with the worst-case conditions in many years being 4 to 6 days.
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Achieving this travel time would greatly reduce to essentially eliminate in some years the low-
DO problems in the DWSC.

During the late 1980s and early 1990s drought years, the flow of the SJR at Vernalis was at times
reduced to less than 1,000 cfs, which results in an 8-day travel time through the critical reach.
Therefore, during drought years there still will be longer travel times through the critical reach of
the DWSC (Channel Point to Turner Cut) where additional control of the oxygen demand loads
and aeration would be needed.

From the current information, 1,800 cfs is the flow through the DWSC that yields the travel time
needed to significantly reduce the exertion of the oxygen demand load in the critical reach of the
DWSC. As discussed previously, there is need to evaluate the consequences of diverting the
DWSC high flow oxygen demand load into the Central Delta, especially through Turner Cut.
This evaluation will need to be made since even under the current SJR diversions into Old River
there are times when high oxygen demand loads are added to the Central Delta.

Some of the issues that need to be considered/evaluated in connection with greatly restricting
SJR Vernalis flow into Old River include the following.

Advantages
e Reduce occurrences of DO WQO violation in the DWSC and thereby achieve greater aquatic
life protection in the DWSC.

e Reduce salt recirculation for the Federal Project waters.

e Reduce cost of control of the low-DO problem in the DWSC.

e Better home water signal for fish homing to upstream eastside rivers.
e Cooler waters in the DWSC.

e Reduce the oxygen demand load and debris to the South Delta.

e Will not affect the ability to divert SJR water upstream of the DWSC and within the South
Delta to Central and Southern California.

Potential Problems

e The flow control system at the Head of Old River would need to be constructed to manage
the flow down Old River to the minimum necessary without leading to an increased threat of
flooding.

e Potential fisheries impacts need to be investigated.
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e There is need to evaluate the impact of reducing the SJR flow into Old River on South Delta
channel water quality. The purpose of the diversions of SJR flow down Old River is
primarily to provide water for South Delta irrigation and recreation. It also helps to flush the
South Delta water quality impacts of local South Delta discharges.

It would, therefore, be essential that any significant reduction of SJR flow into the South Delta
through Old River be compensated for by increased flow of Sacramento River water into the
South Delta from Middle River. There is need to evaluate how best to cause the higher-quality
Sacramento River water on its way to the Projects’ export pumps to, in part, pass through the
South Delta channel. If this can be achieved in association with reduced SJR flow into Old
River, then the water quality in the South Delta could be significantly improved, since the
relatively poor water quality of the San Joaquin River would no longer be diverted into the South
Delta, and the South Delta local discharges would be diluted/flushed by higher-quality
Sacramento River water.

It is recommended that a high priority be given to exploring keeping a greater fraction of the SJR
at Vernalis flow in the SJR channel rather than allowing it to be diverted into the Old River
Channel. Appendix G presents responses to a request for comments that was submitted to the
SJR DO TMDL Steering Committee on this proposal to severely limit the amount of SJR at
Vernalis water that is diverted down Old River.

DO-Related South Delta Water Quality Issues. Since two of the South Delta channels (a 15-
mile stretch of Old River and 9.7 miles of Middle River) have been found to experience
dissolved oxygen concentrations below the water quality objective of 5 mg/L, resulting in their
being listed on the SWRCB’s recently-adopted (February 4, 2003) updated 303(d) list
(http://www.swrcb.ca.gov/rwqcb5/programs/tmdl/303dupdate.pdf), information was obtained on
the recent years’ water quality characteristics of the South Delta channels. The listed cause of
the low DO for both of these listings is “hydromodifications.”

DWR maintains water quality monitoring stations in the South Delta as part of their barrier
operations. According to S. Philippart of DWR (pers. comm., 2003), discrete water quality data
are available for 10 sites from March 26 through December 3, 2002. Water quality measured at
the discrete sites include water temperature, dissolved oxygen, specific conductance, turbidity,
gage height, ammonia, nitrite-nitrate, dissolved organic nitrogen, ortho-phosphate, chlorophyll a,
and pheophytin a. Figure 17 presents a map of the South Delta showing the location of these
discrete monitoring stations. Philippart made available the discrete sampling station data for
2001 and 2002.

Also available are continuous water quality data for five sites (Middle River at Howard Road,
Middle River at Undine Road, Old River near Head, Old River at the Tracy Wildlife Association,
and Old River at Delta Mendota Canal) from June 4, 2002 through the present, recording water
temperature, dissolved oxygen, pH, specific conductivity, and turbidity. A sixth site was added
in January 2003 in the Middle River about 0.5 mile downstream of the Tracy Road Bridge.
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Figure 17
Map of South Delta Showing DWR Discrete Water Quality Monitoring Stations
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Figure 18 presents a map of the South Delta showing the location of these continuous monitoring
stations.
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Figure 18
Map of South Delta Showmg DWR Contlnuous Water Quahty Monltorlng Statlons
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According to S. Philippart (pers. comm., 2003),

“Yellow Springs Instruments 6600 "sondes™ (continuous multi-parameter water quality
monitoring instruments) were operated during the year to gather data at five sites in the
South Delta. Three monitoring sites were located on the Old River: one on a pump
platform just upstream of the barrier near the Delta Mendota Canal (DMC), one on a
private boat dock at the Tracy Wildlife Association, and one on a pump-platform
approximately two miles downstream of Old River at Head. The fourth site was located
on a pump platform in the Middle River just upstream of the Howard Road Bridge
crossing. In 2002, a fifth monitoring site located on a pump platform in the Middle River
just upstream of the Undine Road Bridge crossing was added. Sampling at Undine Road
did not begin until June 4, 2002. Sampling in the Old River at Head did not commence
until July 10, 2002. There is no data for any of the stations from about October 2, 2001 -
June 4, 2002 because of staff limitations. There are certain sections where data may
have been deleted or are missing, which is either because of probe malfunctions or the
data was found to be inadmissible because of biological fouling on the probes.”
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A review of the 2-week grab sample data (not presented, available from S. Philippart) from the
Head of Old River station for 2001 and 2002 shows that there were no DO concentrations below
the 5 mg/L WQO. Chlorophyll a concentrations at this station in 2001 during the summer
ranged up to 65 ug/L on July 17, 2001, while in June through September 2002 there were several
samples taken at this location which had chlorophyll a concentrations above 100 pug/L. These
high chlorophyll concentrations are expected since the water at this location is SJIR water.

At OId River at Tracy Road during 2001 there were four sampling events during the summer
with DO concentrations less than 5 mg/L. During 2002 there were five sampling events during
the summer with DO concentrations less than 5 mg/L. The chlorophyll a concentrations at this
location during both years frequently were above 20 pug/L, with one value in 2002 exceeding 60
pg/L. Chlorophyll a samples above about 30 pug/L are generally considered to be representative
of excessive algal growth, where, with low inorganic turbidity, the waters might be called “pea
soup green.”

Biweekly grab samples taken from the Old River at Delta Mendota Canal (DMC) upstream of
the barrier during 2001 showed several samples with DO concentrations below the 5 mg/L
WQO, with a low of 4 mg/L in 2001. While there were many summer 2002 samples taken from
this station with DO concentrations less than the 5 mg/L DO WQO, on September 24, 2002, this
station recorded a DO concentration of 2.7 mg/L. Chlorophyll a concentrations measured at this
station during both 2001 and 2002 were generally less than 10 pg/L.

At the monitoring station located at Old River at DMC downstream of the barrier, during 2001
there were a couple of occasions when the DO was just under the WQO. In 2002, many of the
summer values measured at this station were less than 5 mg/L, and a low value of 2.1 mg/L was
recorded on September 24, 2002. The chlorophyll a concentrations measured at this location
during both 2001 and 2002 were generally less than 10 pg/L during the summer and fall, with
the exception of October and November 2002, when the chlorophyll a concentration was above
20 pg/L.

Grant Line Canal is sampled at Tracy Road. In 2001 there were two DO values less than the 5
mg/L objective. Six sampling days had DO concentrations less than 5 mg/L in 2002, with a low
value of 3.4 mg/L that occurred on October 10, 2002. Chlorophyll a concentrations at this
location during 2002 were highly variable, with some values in excess of 50 pg/L.

Doughty Cut above Grant Line Canal had one DO value less than the 5 mg/L objective, which
occurred on June 26, 2001. In 2002 a value of 3.4 mg/L was found on October 8 at this station.
The chlorophyll a concentrations at this location were frequently above 20 pg/L, with a value as
high as 107 pg/L recorded during 2002.

Middle River at Union Point in 2001 and 2002 did not show any DO violations below the WQO,
and typically the chlorophyll a concentrations for both years were less than 3 pg/L.

73



Middle River at Tracy Road during 2001and 2002 did not show any DO violations below the
WQO. The chlorophyll a concentrations at this location typically were less than 5 pg/L.

Middle River at Undine Road in 2001 showed only one DO concentration below the WQO,
which occurred on August 8, 2001. There were no violations of the WQO during 2002 at this
location. However, chlorophyll a concentrations at this location in both years were frequently
above 20 ng/L, with some values as high as 70 pg/L.

Overall, it can be concluded, based on grab samples taken at the 10 DWR sampling stations in
the South Delta, that several of the South Delta channels occasionally experience DO
concentrations below the 5 mg/L WQO during the summer and fall months. It is expected that
continuous recording of DO, which would include early morning measurements, would show a
greater number of DO violations than was found with grab sampling. Some locations experience
high levels of planktonic algal chlorophyll. The algal nutrient concentrations found in the waters
at these sampling stations generally indicated that, given sufficient time, substantial algal
populations could develop in these waters.

S. Philippart provided data for the five DWR continuous monitoring stations. These data are
recorded at 15-minute intervals. Examination of these data (not shown, available from S.
Philippart) shows that, at Old River at Tracy Wildlife Association in early June 2001, there was
about a three-day period when the early morning DO concentrations were below the 5 mg/L
WQO, with a low value of 3.6 mg/L. The afternoon values were typically on the order of 12
mg/L at this station during this period. From June 22 through June 30, 2001, there was a period
of early morning DO concentrations as low as 1.4 mg/L at this location. In early July, early
morning DO was recorded as low as 1.65 mg/L. There were also periods of several weeks in
July 2001 when the DO did not drop below the WQO. In August 2001 there were a number of
days when the low DO for the day was less than 3.0 mg/L, with an extreme low of 1.05. There
were substantial periods during the late summer when the DO meter at this location was not
working.

There was a period in early June 2002 when the DO concentrations were less than 5 mg/L at the
Old River at Tracy Wildlife Association station, with a low of 4.08 mg/L. In mid-June 2002,
early morning DO concentrations of less than 0.5 mg/L were recorded, while on the same day the
afternoon values were on the order of 14 mg/L. Much of July at this station had DO
concentrations above 5 mg/L. There was a period in August when the DO concentrations were
recorded as low as 1.1 mg/L. These periodic early morning low DO concentrations continued
through September and October 2002. It is evident that the high algal concentrations present in
the waters at the Old River at Tracy Wildlife Association were causing marked diel variations in
DO, with early morning extreme lows of a few mg/L. Thus far in 2003, all recorded DO values
have been above the 5 mg/L WQO at this location.

DWR maintains a Head of Old River monitoring station about 2 miles downstream from the
head. In September and October 2001 there were early morning DO concentrations as low as 3.2
mg/L at this station. There were substantial periods in 2002 when the DO meter was not
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working at this location. When the meter was working, all reported DO concentrations were
greater than 5 mg/L during the summer. However, a 3.5 mg/L DO concentration was reported in
late October. In January 2003, all DO values were up around 9 to 10 mg/L.

At the Old River at Delta Mendota Canal station, there were some DO values less than 5 mg/L
but greater than 4 mg/L in early July 2001. The same situation occurred in August. In
September 2001 at this station there were periods of a week or more when the DO concentrations
were less than 4 mg/L. During June 2002 there were several days when the early morning DO
values were just less than the WQO of 5 mg/L. In July 2002 there were several days when the
early morning DO concentrations were on the order of 2 to 3 mg/L. There were periods in
August of DO concentrations less than 3 mg/L, with some extreme lows of 0.7 mg/L. The same
pattern occurred in September, with low DO values on the order of 0.7 mg/L. DO values less
than 4 mg/L were recorded in October and November 2002. In December and thus far in 2003,
all DO values have been above the 5 mg/L. WQO at this station.

The DWR continuous monitoring station for Middle River at Undine Road showed all DO values
above 5 mg/L in 2002. There were substantial periods, however, when the DO meter was not
working at this location. All 2003 DO values thus far have been above the 5 mg/L WQO.

At the Middle River at Howard Road station, some DO values less than 5 mg/L but greater than
4 mg/L were recorded in June 2002. In July an early morning DO value of 2.3 was recorded.

It is evident that there are locations on Old River and, at times, on Middle River where the DO
concentrations in the summer-fall are less than the 5 mg/L. WQO in the early morning hours.
This dataset demonstrates the importance of discrete sampling of DO in the early morning hours
in order to detect WQO violations.

It is of interest to find that all of the 2003 South Delta channel DO data reported thus far are
above the 5 mg/L WQO. This indicates that the high algal concentrations that are associated
with the extreme low DO values in the Deep Water Ship Channel during January and February
2003 are not occurring in South Delta waters. The difference may be that the DWSC is receiving
a substantial ammonia load from the city of Stockton, which is leading to the DWSC low DO
conditions that occurred between mid-January and early March 2003.

The city of Tracy discharges its secondarily treated domestic wastewaters to Old River just
upstream of Sugar Cut. According to Kummer (pers. comm., 2003) of the CVRWQCB, Tracy’s
wastewater discharge average flow is about 11 cfs, with an average BODs of 7 mg/L and, during
November 2002, ammonia of 16 mg/L N. This amounts to about 4,000 1b/day of NBOD,
contributed by Tracy in November, with a total BOD, of about 5,000 Ib/day. Kummer indicated
that Tracy is applying for an expansion of its NPDES permitted discharge, which would allow a
total effluent flow of 23 cfs. As part of this expansion, Tracy will be practicing tertiary
treatment, with nitrification to remove ammonia and denitrification to remove nitrate.
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Because of the current 303(d) listing of two of the South Delta channels for DO violations, at
some unspecified time in the future, under the current regulatory requirements TMDLs will need
to be developed to control the DO water quality objective violations. This situation could be of
significance to SJR upstream of Vernalis nutrient dischargers, as well as local South Delta
nutrient dischargers, since it appears that the DO violations are likely due to excessive amounts
of algae in the South Delta channels.

There are a number of other water quality issues in the South Delta that will need to be
addressed, including excessive salt, pesticide-caused aquatic life toxicity and excessive
bioaccumulation of organochlorine pesticides and PCBs in fish tissue. Any program designed to
change the flow patterns through the South Delta, including the installation of the permanent
barriers, should include a detailed evaluation of how the altered flow will impact South Delta
water quality.

Evaluation of the Oxygen Demand Significance of the City’s Ammonia Discharges. The box
model calculations indicated that the city of Stockton’s ammonia discharges contribute about 10
to as much as about 90 percent of the oxygen demand (BOD,) load to the SJR just upstream of
the DWSC. The issue of primary concern is how much of the ammonia-associated oxygen
demand load is exerted between the point of its discharge by the City and Turner Cut. It is the
exertion of this oxygen demand load plus the exertion of the residual Mossdale oxygen demand
load that leads to the low DO concentrations that violate the WQO. As discussed above, typical
modeling of nitrogenous BOD (NBOD) and carbonaceous BOD (CBOD) utilizes a first-order
rate constant of about 0.1 per day. Litton (2003), discussed below, reported that the rate
constants for CBOD and NBOD are about 0.11 and 0.076 per day, respectively. These values
were derived, however, from the nitrification-inhibited BOD tests and, therefore, may be in error.

Litton (pers. comm., 2003) has indicated that he is currently conducting BOD tests on DWSC
and SJR water in which he is examining the rates of nitrification based on measurements of the
nitrate buildup and ammonia disappearance in the tests. As discussed above, this is the
recommended approach for evaluating CBOD and NBOD in a sample. Litton indicated that,
during the low flow periods of the SJR through the DWSC that occurred in mid-February, he
found a significantly elevated rate of nitrification, compared to that expected based on the typical
rate constant of 0.1 per day. However, with increasing flows of the SJR through the DWSC,
which began to occur in late February 2003, the enhanced rate of nitrification disappeared. He
indicated that he will be preparing a report on these issues in the near future.

Table 12 presents information on the potential significance of the rate constant on the
nitrification of ammonia in the DWSC. The uppermost part of the table presents the expected
NBOD, that would be present at Turner Cut as a function of the NBOD, concentrations at
Channel Point and the estimated travel time between Channel Point and Turner Cut with the
20°C rate constant of 0.1 typically used in nitrification modeling.

The middle part of the table presents the expected NBOD, that would be present at Turner Cut
with a “winter” rate constant of 0.05 per day. The 0.05 rate constant is obtained from Figure 15,
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Table 12
Ammonia Oxidation in DWSC

NBOD, Residual at Turner Cut at Temperature of 20 °C (k= 0.1)

Ammonia Concentration 0.5 1.0 2.0 3.0 5.0
at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8
at Channel Pt (mg/L)
© 5 1.4 2.8 5.5 8.3 13.8
E 10 0.85 1.7 33 5.0 8.4
=2 15 0.51 1.0 2.0 3.0 5.1
23 20 0.31 0.62 1.2 1.8 3.1
e 25 0.19 0.38 0.75 1.1 1.9
30 0.11 0.23 0.45 0.68 1.1

NBOD, Residual at Turner Cut at Temperature of 10 °C (k = 0.05)

Ammonia Concentration 0.5 1.0 2.0 3.0 5.0
at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8
at Channel Pt (mg/L)
o 5 1.8 3.6 7.1 10.7 17.8
E _ 10 1.4 2.8 5.5 8.3 13.8
: 2 15 1.1 2.2 4.3 6.5 10.8
% § 20 0.85 1.7 33 5.0 8.4
e 25 0.66 1.3 2.6 3.9 6.5
30 0.51 1.0 2.0 3.0 5.1
NBOD, Residual at Turner Cut — “Enhanced” (k = 0.5)
Ammonia Concentration 0.5 1.0 2.0 3.0 5.0
at Channel Pt (mg/L)
NBOD, 2.3 4.6 9.1 13.7 22.8
at Channel Pt (mg/L)
o 5 0.19 0.38 0.75 1.1 1.9
E _ 10 0.015 0.031 0.061 0.092 0.15
: z 15 0.001 0.003 0.005 0.008 0.013
% § 20 <0.001 | <0.001 | <0.001 <0.001 0.001
e 25 <0.001 | <0.001 | <0.001 <0.001 | <0.001
30 <0.001 | <0.001 | <0.001 <0.001 | <0.001

NBODu, = NBODu * ¢ ™
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where a 10°C rate is about 50 percent of the 20°C rate. This rate constant is based on the
temperatures that have been measured in the DWSC at the RRI monitoring station during 2002.
As shown in Table 13, during the winter the temperatures in the DWSC are on the order of 10°C.

Table 13
2002 DWSC Monthly Temperature Ranges at RRI
Month °F °C
Low High Low High

January 47 54.2 8 12
February 47 57 8 14
March 56.5 63 14 17
April 61 63 16 17
May 59 75 15 24
June 73 77 23 25
July 77 80 25 27
August 76 79 24 26
September 73 76 23 24
October 61 72 16 22
November 56 60 13 16
December 48 56 9 13

Annual Range 8 — 27 °C
Diel Range in Surface Water ~ 3 °F

The bottom part of Table 12 presents the expected NBOD, that would be present at Turner Cut
with an “enhanced” rate constant of 0.5 per day. The 0.5 “enhanced” rate constant was
somewhat arbitrarily selected, although rate constants of this magnitude have been reported.
Bierman (pers. comm., 2003) stated in response to a question on enhanced nitrification rates,

“I do know that HydroQual, Inc. developed a hydrodynamic and water quality model for
the Delaware River:

HydroQual, Inc. 1998. Development of a Hydrodynamic and Water Quality
Model for the Delaware River. Prepared for Delaware River Basin Commission,
25 State Police Drive, West Trenton, New Jersey 08628. Project No. DRBC0030.

Page 7-13 of that report contains the following:

‘The nitrification rate, Kn, varied spatially with the River divided into three nitrification
zones: zone 1 (RM 133 to 110) with Kn = 0.1/day, zone 2 (RM 110-83) with Kn = 1.0/day
and zone 3 (RM 83-48.5) with Kn = 0.5/day. The assignment of the nitrification rate to
each zone was guided by the fit of the model to the ammonia and nitrite + nitrate data.’

The City of Philadelphia lies between RMs 110 and 90. RM 50 is approximately 10
miles downstream of the Chesapeake and Delaware Canal. The HydroQual nitrification
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rates for zones 2 and 3 seem very high but | do not know the full reasons for these
choices.”

It is evident that it is possible that much higher nitrification rates could at times be occurring in
the DWSC than would be predicted based on a 0.1 per day rate constant. Examination of Table
12 shows that, for the 20°C conditions, travel times between Channel Point and Turner Cut on
the order of 15 to 20 days allowed substantial exertion of the NBOD in the critical reach of the
DWSC. As expected, at 10°C the rate of nitrification is significantly slowed down, so that less of
the NBOD present at Channel Point would be exerted by Turner Cut. However, under the
“enhanced” rates of oxidation assumed, even an ammonia concentration of 5 mg/L N at Channel
Point (NBOD, of 22.8 mg/L) is substantially exerted in 10 days, and most of it is exerted in 5
days. From the information available, to the extent that enhanced nitrification occurs, the city of
Stockton’s ammonia discharges could be an even greater source of oxygen demand for DO
depletion below the WQO in the critical reach of the DWSC.

The results presented in Table 12 demonstrate the importance of reliably determining the in Situ
nitrification rate constants under the various conditions that exist in the summer, fall and winter.
Because of its potential problems, the inhibited BOD test should not be used for this purpose.
Instead, the approach recommended by Standard Methods (APHA, et al.,. 1998) that was
recently used by Litton, involving the measurements of ammonia and nitrate during the course of
the test, should be used. These rates should then be compared to the results of field studies of
ammonia disappearance within the Channel. Through this approach, an assessment can be made
of the significance of ammonia discharges to the SJR DWSC causing or contributing to DO
concentrations below the water quality objective.

In addition to the city of Stockton’s domestic wastewaters being a source of ammonia for the
SJR DWSC, there are other sources, including the decay of algae, wastewaters from dairy and
animal husbandry areas, and upstream domestic wastewater discharges to the SJR during the late
fall and winter. Based on the city of Stockton’s NPDES reports to the CVRWQCB, an estimate
can be made of the concentrations of ammonia that could occur in the SJR due to the City’s
wastewater discharges. These estimates are presented in Table 14.

The calculated ammonia concentrations shown in Table 14 are based on city of Stockton’s
reported average ammonia effluent concentration for the month and Stockton’s average monthly
wastewater flow reported to the CVRWQCB. The City’s wastewater flow and the UVM-
measured lowest daily SJR DWSC flow for the month are added to give the flow into which the
ammonia load is discharged. Since the flow of the SJR past the City’s wastewater discharge is
tidal, the flows that are available for dilution of the City’s effluent ammonia and other
constituents are dependent on a variety of factors, such as the duration of the low net flow of the
SJR past the City’s wastewater discharge point, that must be evaluated to determine the
magnitude of the dilution that is available for the City’s effluent at any particular time. The
calculations in Table 14 assume that the SJIR flow at the point of the City’s discharge does not
contain any significant ammonia concentration. During the past several years, the ammonia in
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the SJR upstream of the City’s discharge has typically been on the order of a few tenths of a

milligram per liter N.

Table 14

2002 Calculated Ammonia Concentration in the SJR, Based on Lowest Monthly
SJR DWSC Flow and Stockton’s Wastewater Ammonia Concentration and Flow

Month Stockton Ammonia | Stockton DWSC Calculated
Effluent Average Average Lowest Ammonia
Concentration Monthly | Daily Flow | Concentration in
(mg/L N) Flow (cfs) (cfs) SJR (mg/L N)
January - - - -
February 22.0 39 194 3.7
March 22.7 43 305 2.8
April 4.3 43 258 0.6
May 2.0 58 339 0.3
June 2.6 51 87 0.96
July 23 60 193 0.5
August 10.8 53 39 6.2
September 23.9 59 512 2.5
October 27.1 52 978 1.4
November 27.9 59 85 11.4
December 26.6 60 161 7.2

- Data not available

The lowest SJR DWSC flows can be subject to error, due to the fact that the UVM measurements
are attempting to discern a net downstream flow of 100 or so cfs against a background tidal flow
of 2,000 to 4,000 cfs. While the absolute UVM flows of a few hundred cfs or less are somewhat
in question, there is no question about the fact that the SJR flows through the DWSC are at times
low, resulting in higher travel times through the critical reach of the DWSC, as well as higher
ammonia concentrations in the DWSC arising from the City’s ammonia discharges to the SJR.

As shown in Table 14, the City’s wastewater effluent ammonia concentrations during late spring
through mid-summer 2002 were 2 to 4 mg/L N. Starting in September through early winter, the
ammonia concentrations were 25 to as much as 28 mg/L N. This is the typical ammonia
discharge pattern that has been experienced for a number of years. As noted above, during 2001
this typical pattern was not followed, in that the City had high ammonia discharges during the
summer, as well.

The City does not discharge wastewaters on weekends. Therefore, there will be about a 2-day
period each week when the ammonia concentrations in the SJR just below the City’s discharge
will be lower than during the rest of the week. At times, the City’s wastewater discharges are
higher on Mondays, when they initiate discharges for the week. This will give an ammonia
concentration in the SJR below the City’s discharge (and, likely, at Channel Point) which is
variable, depending on the day of the week and tide stage.
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According to Litton (pers. comm., 2003), he expects that tidally induced longitudinal dispersion
in the SJR below the City’s discharge and near Channel Point will smooth out the impacts of the
variable ammonia concentrations due to the City’s wastewater discharge pattern on SJR and
DWSC ammonia concentrations near Rough and Ready Island, although these effects may still
be discernible near Channel Point.

It is also important to understand that, because of tidal excursions in the SJR near the point of
wastewater discharge, at times under flood tides, the City’s wastewater discharge to the SJR
occurs into SJR water that has already received a wastewater effluent discharge associated with
the previous flood tide. Because of the variable concentrations of ammonia and other
constituents discharged by the City, the variable concentrations of oxygen demand (algae) and
the variable SJR flow through the DWSC, there is need to conduct Lagrangian studies in which
water masses present at Mossdale are followed (monitored) to Turner Cut under various flows,
days of the week, City ammonia discharge concentrations, Mossdale BOD/algae concentrations,
and seasons.

While there is no doubt that when the City discharges high concentrations of ammonia in its
wastewater effluent under low SJR DWSC flow conditions the City’s discharge is a major cause
of low DO in the DWSC, there is need for additional investigation of the significance of the
City’s ammonia discharges as a cause of DO water quality objective violations in the DWSC
under lower effluent ammonia discharge concentrations and elevated SJR DWSC flows.

Sources of Oxygen Demand

Gronberg, et al. (1998) and Kratzer and Shelton (1998) provide information on the
environmental setting of the San Joaquin River basin. The SJR watershed consists of over 7,000
square miles in the Central San Joaquin Valley of California below the eastside reservoirs. The
total watershed, which includes the Sierra-Nevada mountains above the reservoirs is estimated to
be 13,536 square miles. It is bounded on the east by the Sierra-Nevada mountains, and on the
west by the Coast Range mountains. It extends north from Fresno to the Sacramento-San
Joaquin River Delta (see Figure 3). The eastside rivers (Merced, Tuolumne and Stanislaus
Rivers), including the San Joaquin River, which drain the western slopes of the Sierra-Nevada
mountains, are the primary sources of water for the SJR. This section presents a summary of the
current understanding of the sources of oxygen demand for the SJR upstream of Mossdale.

Significance of SJR Upstream of Mossdale Oxygen Demand Loads. Lee and Jones-Lee
(2000a) presented a conceptual model of the sources and sinks of oxygen demand in the SJR
DWSC watershed. Figures 19 and 20 present the primary components of this conceptual model.
Oxygen-demanding substances are contributed to the SJR upstream of Mossdale by irrigation
tailwater and subsurface drain water associated with high water tables, domestic and industrial
wastewaters, discharges/runoff from riparian lands (such as wetlands) and stormwater runoff
from various types of land use.
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Figure 19

Sources/Sinks of Oxygen Demand in SJR-DWSC Watershed
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Figure 20

Schematic Representation of Algal Growth in San Joaquin River
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During 2000 and 2001 the US Geological Survey, under the leadership of C. Kratzer and P.
Dileanis, and R. Dahlgren from the University of California, Davis, conducted monitoring of the
SJR and many of its tributaries upstream of Mossdale. The concentrations of a variety of water
quality parameters, such as BOD, chlorophyll a, various chemical constituents, etc., were
monitored in these programs. While, at this time, no reports are available covering the results of
this monitoring, the data have been made available for use in the SJR DO TMDL project. These
data were used by Foe in developing the Strawman analysis of “upstream” oxygen demand loads
and sources from the SJR watershed. Typically these data were collected every two weeks and
covered the period from June through mid- to late October.

The Dahlgren studies were part of a project sponsored by the US Fish and Wildlife Service
devoted to understanding nutrient dynamics in the Sacramento and San Joaquin River
watersheds. Dr. Dahlgren assisted the SJR DO TMDL effort by making his data available prior
to their publication. Dahlgren and Kratzer/Dileanis collected samples at the mouths of the major
tributaries to the SJR upstream of Vernalis and at various locations within the SJR, including
Mossdale. At these same sampling locations flow measurements were already available, or were
made at the time of sampling.

Strawman Analysis. Foe, et al. (2002) reported a strong correlation between the concentration of
chlorophyll a and pheophytin a in the SJR at or near Vernalis and the BOD measured in the same
samples. The summer pattern of estimated BOD based on chlorophyll a and pheophytin a
measurements and the dissolved oxygen concentrations at the Rough and Ready Island
monitoring station were nearly inverse of each other, indicating that high chlorophyll a and
pheophytin a loads (BOD loads) were likely responsible for lower DO concentrations at the
Rough and Ready Island monitoring station.

Seasonal algal concentration patterns at Mossdale and upstream in the SJR showed that peak
chlorophyll a concentrations in the River were consistent from where Mud and Salt Sloughs
enter the SJR to Mossdale. Further, the highest concentrations of chlorophyll a were found in
the Mud and Salt Slough and SJR upstream of Lander Avenue discharges to the SJR and
downstream in the SJR to Mossdale. These results indicate that the eastside rivers (Merced,
Tuolumne and Stanislaus Rivers) and other tributaries are not major sources of planktonic algal
chlorophyll a downstream of Mud and Salt Sloughs for the SJR. In fact, the major river inputs
would tend to lower the SJR concentrations of chlorophyll a, due to a dilution effect.

Foe, et al. (2002) developed an algal growth model for the SJR from the Mud and Salt Slough
discharges to the SJR, to Maze Boulevard, which is just upstream of Vernalis. This model
showed that there was an apparent doubling of the algal population down the SJR every one and
a half to three days. According to Kratzer and Biagtan (1997), the normal travel time between
Mud and Salt Slough discharge points and Vernalis during the summer is about three days. The
Foe, et al. (2002) estimated growth rate is in accord with what would be expected based on
normal rates of algal growth in a severely light-limited system such as occurs in the mainstem of

the SJR.
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P. Dileanis (2002) provided a work-up of the USGS (Kratzer/Dileanis) and Dahlgren chlorophyll
a and pheophytin a data. Figures 21 and 22 present plots of these data for representative
sampling runs during the study period. These data show, as reported by Foe, et al. (2002) in the
Strawman analysis, that high concentrations of planktonic algal chlorophyll a are present in the
SJR and the Mud Slough watershed near where Mud and Salt Sloughs enter the SJR in the upper
part of the Valley (below the reservoirs) watershed. It is also evident that the concentrations of
chlorophyll a found in the SJR from near where Mud and Salt Sloughs enter (i.e., SJR at Merced
River, which is just downstream of where Mud and Salt Sloughs enter the SJR) are already
elevated.

For many of the sampling runs, the concentrations tend to remain essentially constant down the
SJR to Vernalis/Mossdale, or increase somewhat down the River. This pattern, which occurred
in both 2000 and 2001, demonstrates that there is appreciable algal growth in the SJR from the
Mud and Salt Slough area to Vernalis/Mossdale. This growth is evidenced by the fact that the
eastside rivers (Merced, Tuolumne and Stanislaus Rivers) contribute substantial amounts of low-
chlorophyll a water to the SJR, which do not significantly dilute the planktonic algal chlorophyll
a concentrations in the SJR.

Table 15 presents the average flows of the SJR and its major tributaries during the summer/fall
2000 and 2001. The high flows that sometimes occur at the beginning of June or in late October
were not included in the average. The average flows listed are the flows that are transporting the
oxygen demand load that is present at Mossdale. As shown in Table 15, the SJR and several of
its major tributaries during the summer 2000 tended to have about twice the flow of the summer
2001. During 2001 the measured flows upstream of Patterson add to a total flow of 358 cfs
while the flow of SJR at Patterson was measured at 644 cfs. Adding the flow of the Tuolumne
River to the SJR Patterson flow gives a total of 957 cfs which compares to the measured SJR at
Maze flow of 939 cfs. Adding the Stanislaus River flow of 448 cfs to the SJR Maze flow of 939
cfs yields 1,387 cfs, which compares quite favorably to the measured SJR Vernalis flow of 1,380
cfs.

Examination of the flows in the SJR during 2000, which was a wetter year, shows that the sum of
the SJR Patterson measured upstream flows was 422 cfs while the SJR at Patterson had a flow of
785 cfs. The SJR Maze measured flow was 1,610 cfs while the sum of the Tuolumne River and
the SJR Patterson flows was 1,609 cfs. The measured Vernalis flow was 2,286 cfs and the sum
of the SJR Maze and the Stanislaus River flows was 2,047 cfs. Part of the difference between
measured and expected flows relates to agricultural diversions and discharges. This issue is
discussed below.

Table 15 also contains the estimated BOD, loads for each of the major tributaries and along the
SJR upstream of Mossdale. These loads were calculated based on the measured summer average
BOD concentrations reported by Foe, et al. (2002) in the Strawman analysis, multiplied by the
summer average flows at each of the measuring points, times 0.65 to convert BOD;y to BODs,
times 3.0 to convert BODs to ultimate BOD, times 5.4 to convert the units to 1b/day.
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Table 15
Estimated Average Summer Flow of the SJR and Major Tributaries

Location Summer* Ave Flow (cfs) 2000 Ave BOD, | 2001 Ave BOD,
2000 2001 Load (Ib/day) Load (Ib/day)

SJR Lander 25 9 4,580 2,274
Salt Slough 150 134 8,845 5,221
Mud Slough 61 84 6,166 7,253
Merced River 186 131 1,959 1,379
SJR Patterson 785 644 52,903 44,079
Tuolumne River 824 313 8,677 3,625
SJR Maze 1,610 939 72,899 59,326
Stanislaus River 437 448 5,522 3,774
SJR Vernalis 2,286 1,380 108,322 63,938
SJR Mossdale 2,286 1,380 120,358 93,001

* Flow data based on Appendix A from Foe, et al. (2002) Strawman Report.

As evidenced from this table, the SJR at Lander Avenue coupled with Salt and Mud Sloughs’
discharges add substantial BOD,, to the SJR. This is manifested as 40,000 to 50,000 Ib/day of
BOD, in the SJR at Patterson. At the SJIR at Maze, the BOD, increased to 60,000 to 73,000
Ib/day. At Mossdale, there is further increase to 90,000 to 120,000 Ib/day of BOD,. The
eastside rivers (Merced, Tuolumne and Stanislaus), which are major contributors of flow, are not
major sources of BOD,. These results are in agreement with the above-discussed findings that
the measured BOD is correlated with planktonic algal chlorophyll a and that the eastside rivers
are not major sources of phytoplankton for the SJR.

McGahan (pers. comm., 2002) has questioned the cause of the significant increase in the
planktonic algal chlorophyll a and BOD, loads that occurs between the discharges of Mud and
Salt Sloughs and the SJR at Lander, and the SJR at Patterson. This issue has been reviewed
further, with respect to whether there are significant additional sources of algae/BOD between
the Mud/Salt Slough discharges and the SJR at Patterson. It was found that Los Banos Creek
discharges into Mud Slough downstream from where Mud Slough gaging and monitoring has
been conducted. Therefore, Los Banos Creek is a potential source of algae and BOD to Mud
Slough that is not reflected in the Mud Slough loads.

Dahlgren (2002) collected samples of Los Banos Creek during the summer 2000. It was found
that the average planktonic algal chlorophyll a in the Creek waters during the summer was about
11 pg/L, while at the same time, Mud Slough planktonic algal chlorophyll a averaged 45 ng/L.
Quinn (pers. comm., 2002) estimates that the summer (June through September) average flow of
Los Banos Creek is about 9 cfs. Based on this information, Los Banos Creek is not a major
contributor to the planktonic algal loads and their associated BOD to the SJR upstream of
Patterson.

Dileanis (pers. comm., 2002) of the USGS has provided estimates of the chlorophyll a plus
pheophytin and BOD,( added to the SJR during 2001 between where the Merced River enters the
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SJR and the SJR at Patterson. One sample per month was taken from the three tributaries that
discharge to the SJR between the Merced River and the SJR at Patterson (Harding Drain,
Orestimba Creek and Spanish Grant Drain) during the period July through October 2001. Using
an average of the USGS data for 2001 for each of these tributaries between July and October, it
is estimated that about 10,000 1b of BOD, were contributed by these tributaries to the SJR at
Patterson. Therefore, the increase in BOD, between the Mud and Salt Slough discharges and
Patterson due to algal growth in the SJR and other sources of BOD is about 34,000 Ib of BOD,,.
This compares to a summed load of about 16,000 Ib of BOD, from Mud Slough, Salt Slough,
SJR at Lander Avenue and the Merced River. Therefore, the BOD, load between the upstream
tributary discharges (Mud and Salt Sloughs) and Patterson about doubled in the summer/early
fall of 2001.

Dileanis (pers. comm., 2002) has indicated that the travel time of the SJR from Highway 165
(Lander Avenue) to Patterson is about 50 hours (about 2 days). This is based on the dye-tracer
studies of Kratzer and Biagtan (1997). They indicated that the flow of the SJR at the time of
their dye-tracer studies was in the range of 1,000 to 2,000 cfs at Vernalis. They further indicated
that the travel times in this flow range were not highly dependent on SJR flow. Foe (pers.
comm., 2002) has estimated the travel times during the summer 2001 between Salt Slough’s
discharge to the SJR and Patterson as 1.7 days, Mud Slough and Patterson as 1.1 days, and the
SJR at Lander Avenue and Patterson as 1.8 days. He points out that the gaging stations on Mud
and Salt Sloughs are upstream of the discharge point to the SJIR, and therefore there could be
another half a day or so travel time within the tributaries before reaching the SJR. Quinn (pers.
comm., 2002) indicates that the distance between the Mud Slough gage and the discharge to the
SJR is less than six miles. Further, he indicates that the stream gage on Salt Slough at Highway
165 is even closer to the SJR. He stated that, except under backwater conditions, it is unlikely
the travel time from the gage to the SJR is more than 12 hours. It is evident that there is from 1.5
to 2 days’ travel time between where Mud and Salt Sloughs discharge to the SJR, and SJR at
Patterson. Bowie, et al. (1985) have indicated that a review of the literature on algal doubling
times in laboratories and waterbodies shows that the range is from about 0.2 to 3, with many
doubling times on the order of 1 to 2 days. Since Foe, et al. (2002), found an apparent doubling
time for algae in the upper SJR of about 38 to 47 hours (1.6 to 2 days), it is apparent that the
increase in BOD, between Mud and Salt Slough and the SJR at Lander Avenue discharges and
that found at the SJR at Patterson can readily be accounted for based on algal growth and the
inputs from other tributaries between these two locations, with algal growth being the dominant
cause of the increased algae and BOD in the SJR at Patterson.

Based on the information provided by Dileanis (pers. comm., 2002), it is found that the ratio of
BODy to planktonic algal chlorophyll a for Orestimba Creek and Spanish Grant Drain is
significantly different than this same ratio for Harding Drain. Harding Drain has a much higher
BOD to chlorophyll a ratio than Orestimba Creek and Spanish Grant Drain. This indicates that
Harding Drain, which represents about 80 percent of the total BOD load from these three
tributaries, has other causes of BOD than planktonic algae. This might be expected, based on the
fact that Harding Drain receives city of Turlock domestic wastewaters, which contain CBOD and
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ammonia. Further, there are upstream dairies that could be contributing wastewaters to Harding
Drain. There is need to further investigate the sources of BOD in Harding Drain.

The summer 2000 flows, which were approximately twice the flows in 2001, contained increased
BOD, as measured along the River and at Mossdale. The comparison between the BOD,
measured at Mossdale for 2000 and 2001 of 120,000 and 93,000 1b/day, respectively, with the
three years’ summer average of the city of Stockton’s BOD data collected at Mossdale (67,000
Ib/day) (Figure 16), shows a substantial difference between the two values. This difference is a
result of the Figure 16 box model calculations being based on the use of flow of the SIR into the
DWSC to estimate the Mossdale load that reaches the DWSC from upstream sources. The Table
15 values, however, use the Vernalis flow to estimate the total load at Mossdale. The difference
between the two is the amount of the load that is diverted down Old River below Mossdale.

The potential significance of summer irrigation return flows has been examined by Foe, et al.
(2002). According to Foe, et al., during the study period summer irrigation return flows were
about 20 percent of the flow at Vernalis. In 2000 Foe, et al., used chlorophyll a concentrations
from Orestimba Creek as representative of algal concentrations from irrigation return flows. In
2001 the USGS measured chlorophyll a at a number of sites in the Central Valley including
Orestimba Creek. Statistically, all of the westside tributaries had about the same concentrations
of planktonic algal chlorophyll a as Orestimba Creek. Foe, et al. (2002) conclude that the data
from Orestimba Creek is broadly representative of agricultural irrigation tailwater returns.

When the average Orestimba chlorophyll a concentration is multiplied by 20 percent of the flow
at Vernalis the calculated load of algae and their associated BOD is not a significant part of the
total load measured in the SJR at Vernalis. Multiple regression of all the data collected from SJR
tributaries shows that ammonia, DOC, etc., are important in explaining tributary-to-tributary
variations in chlorophyll a and BOD. However, examination of the data collected at Mossdale
shows that the concentrations of chlorophyll a and pheophytin a are the only significant factors
causing oxygen demand. Foe (pers. comm., 2002) interprets this to mean that the BOD
constituents from other sources of BOD in the tributaries have been largely oxidized by the time
they arrive at Mossdale, leaving algae as the primary source of BOD at Mossdale.

One of the issues of particular concern is the role of growth of algae in the SIR between where
Mud and Salt Sloughs discharge to the SJIR and Mossdale. If there was no growth of algae in the
SJR between where Mud and Salt Sloughs enter the SJR and Vernalis/Mossdale, then the
eastside rivers would dilute the planktonic algal chlorophyll a present in the River. However, it
appears, from the chlorophyll a concentrations found along the SJR, that the amount of growth
that occurs about equals the amount of low-algal water added from the eastside rivers during the
summer and early fall months. This finding supports the Foe, et al. (2002) algal growth model
discussed in the Strawman, which shows that there was an apparent doubling of the algal
populations in the SJR every day and a half to three days during the study period.

Hutton (2002) conducted modeling studies of flow and algal growth dynamics in the SJR
upstream of Mossdale in which the DWR DSM2 flow model was expanded to include a water
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quality component. This modeling was to be done in cooperation with CALFED-funded
HydroQual modeling. The results of this modeling have been delayed due to contracting
problems between CALFED and HydroQual. According to Hutton (2002), the purpose of his
2001 studies was,

““to develop a ‘stand-alone’ version of the DSM2 model for the upper San Joaquin River
(SJR). This stand-alone model, herein referred to as the San Joaquin River Simulation
Model (SJRSM), was developed, tested and furnished to the Technical Advisory
Committee and is much faster and easier to use than the complete DSM2 model. In
addition to simulating hydrodynamics and salt transport, SJRSM allows for the
simulation of dissolved oxygen, temperature, and other non-conservative constituents in
the San Joaquin River upstream of Vernalis. It is anticipated that HydroQual, Inc., as
part of the 2002 directed action studies, will conduct the necessary calibration and
validation to simulate these water quality constituents.”

As a result of Hutton terminating his association with DWR, the responsibility for this modeling
has now been assumed by Rajbhandari.

While the box model calculations by Foe, et al. (2002) of algal concentrations/oxygen demand
along the SJR between the Merced River and Mossdale describe the situations that have occurred
during the summer/fall 2000 and 2001, this approach does not provide the information needed to
predict how altering the oxygen demand/algal concentrations in the SJR upstream of the Merced
River will impact the oxygen demand load that enters the DWSC. This information is essential
to reliably predicting how control of algae and other oxygen demand constituents in the Mud and
Salt Slough watersheds as well as in the SJR upstream of Lander Avenue will impact the oxygen
demand loads that enter the DWSC. The DWR HydroQual modeling effort has the potential of
providing this type of information.

The SJR chlorophyll pattern (see Figure 21) that evolved from both the Foe, et al. (2002)
Strawman analysis and the USGS/UCD data presented by Dileanis (2002) of the mainstem and
tributary monitoring of the SJR during the summer/fall 2000-2001 is one of Mud and Salt
Sloughs, as well as the SJIR at Lander Avenue discharging (containing) high concentrations of
planktonic algae. The planktonic algaec measured as chlorophyll a is correlated with the BOD of
the sample. These algae develop in the Mud and Salt Slough and SJR upstream of Lander
Avenue watersheds based on nutrients discharged to the tributaries within the watershed. As the
waters in the SJR travel over the three-or-so-day travel time from Mud and Salt Slough discharge
points just upstream of where the Merced River enters the SJR to Vernalis/Mossdale, there is
additional algal growth based on the algal populations that are present in the headwaters near
where Mud and Salt Sloughs enter the SJR. The net result is that from 50 to at times as much as
80 percent of the planktonic algae and BOD at Mossdale has its origin in the discharges from
Mud and Salt Sloughs and the SJR at Lander Avenue.

As discussed below, during the irrigation season (May through September), part of the algal load
present in the SJR upstream of Vernalis is diverted by the 30 or so percent of the SJR agricultural

91



diversions (reported by Quinn and Tulloch, 2002). These diversions change the total load of
algae at various locations in the SJR by removing total algal load from the River. They do not
change the concentrations of algae in the River. The eastside rivers add low-algal water to the
SJR, and thereby increase the total flow of the SJR. The additions tend to dilute the planktonic
algal concentrations in the SJR from those present just upstream of where an eastside river enters
the SJR; however, since the mixture of the eastside rivers coupled with the upstream SJR waters
still contain significantly surplus available forms of nitrogen and phosphorus derived from
upstream sources, there is substantial growth of planktonic algae in the SJR.

Since the eastside rivers during the summer and fall tend to be low in turbidity (suspended
solids), they would tend to dilute the turbidity within the SJR, thereby promoting algal growth in
the SJR because of the potential for increased light penetration below where the eastside rivers
enter the SJR. At this time, the potential role of the low turbidity in the eastside rivers in
allowing greater algal growth is an issue of concern. Dileanis (pers. comm., 2002) has indicated
that he is investigating this area and will report on it at a later time. His initial findings include
that the Secchi depth (a measure of light penetration) in the SJR increases from the Merced River
location to Vernalis. The suspended solids in the River decrease from the Mud and Salt Slough
discharge area to Vernalis. This increased water clarity would likely be due to the input of low
turbidity water from the eastside rivers that would tend to reduce the light limitation governing
algal growth in the SJR, promoting even greater growth of algae than that which occurs in the
upstream parts of the SJR near the Merced River.

IEP Database Statistical Analyses. Van Nieuwenhuyse (2002) conducted a statistical analysis of
the 19 years of data that have been collected as part of the Interagency Ecological Program (IEP)
monitoring of the Delta and its tributaries, to evaluate the effects on Delta water quality of South
Delta water exports to Central and Southern California. This compliance monitoring program
was started in 1983. It has consisted of detailed monitoring of certain parameters at selected
locations, such as the continuous monitoring station on the SJR at the northern end of Rough and
Ready Island. There has also been monthly sampling of the water near this location for a variety
of parameters, including planktonic algal chlorophyll a. In addition, there has been monitoring
of the SJR at Vernalis. This database is almost unequaled for long-term record of water quality
monitoring of waterbodies in California. The database used by Van Nieuwenhuyse (2002) is an
independent database from that used by Foe, et al. (2002) in the Strawman analysis and by
Dileanis (2002) in developing Figures 21 and 22.

Van Nieuwenhuyse (2002) examined all data collected in the IEP monitoring program that are
potentially relevant to the DO depletion situation in the SJR DWSC. This included the
winter/spring data, as well as the summer/fall data. The parameters on which he focused were
those that are potentially influential in causing DO depletion within the DWSC. These include
planktonic algal chlorophyll a at Vernalis, the city of Stockton’s reported ammonia discharges to
the SJR just upstream of the DWSC, and planktonic algal concentrations present in the SJR just
downstream of Rough and Ready Island. He also used the Rough and Ready Island continuous
monitoring data to examine the DO depletion that occurs at this location. These data were used
as an index to minimum DO concentrations that occur throughout the DWSC.
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As discussed elsewhere in this Synthesis Report, the DO monitoring that occurs at the DWR
Rough and Ready Island continuous monitoring station provides a reasonable assessment of the
DO depletion that occurs in the DWSC near Rough and Ready Island with respect to the upper
part of the water column. It does not properly reflect the magnitude of DO depletion that occurs
near the bottom of the DWSC. Further, the DWR monitoring station has been found (see
Stringfellow, 2001) to underestimate to some extent the DO concentrations in the surface waters
in the DWSC at the monitoring station location. The magnitude of this underestimation will
likely depend on time of day, tidal stage, algal biomass and sunlight intensity. It also does not
reliably address the situations where, during higher flows of the SJR through the DWSC, the
point of maximum DO depletion occurs further downstream of Rough and Ready Island. These
issues are discussed further by Foe, et al. (2002) and elsewhere in this Synthesis Report, with
particular reference to the monitoring that has been conducted by DWR in the Hayes cruises.

One of Van Nieuwenhuyse’s (2002) conclusions is that there is a strong negative correlation
between DO concentrations at Rough and Ready Island (from the IEP database) and the
planktonic algal chlorophyll a that is present in the SJR at Vernalis. This conclusion is the same
as that reported by Foe, et al. (2002).

Van Nieuwenhuyse (2002) found that ammonia loading from the city of Stockton was not
significantly correlated with minimum DO; its effect only became apparent once the variation
due to other factors had been accounted for. This partial effect was negative. Also, his analysis
indicated that minimum DO increased with flow at Vernalis; however, increasing SJR at
Vernalis flow did not perform as well as reducing ammonia loading as a way to reduce the
amount of aeration required to meet a 5 mg/L DO water quality objective. Reducing ammonia
also performed much better than reducing upstream algal biomass. These findings would seem
to contradict the results of the last three years’ studies by the TAC, especially the box model
results and the Chen-Systech model results.

Van Nieuwenhuyse (2002) investigated, using statistical evaluation techniques, the potential
impacts of altering various factors that influence low DO in the DWSC. He found that the best
performing alternative would be to impose a 2 mg/L NHs N effluent limit on the city of
Stockton’s wastewater treatment facility and to cut in half the upstream chlorophyll
concentration at Vernalis. According to his analysis, by adopting this approach the low-DO
problem in the DWSC could essentially be controlled using just point and nonpoint source
pollution control methods. He noted, however, that no realistic combination of management
alternatives is likely to guarantee year-round compliance with a 5 mg/LL DO objective.
Consequently, artificial aeration will probably be required during some months of most years.
He stated that management scenarios that include reduction of ammonia loading may benefit
salmon more than other management actions because reducing ammonia loading would shift the
timing of maximum DO deficits from fall to summer. Under the current situation, the City’s
high ammonia loads typically occur each fall at a time that is of critical importance to the fall run
of Chinook salmon through the DWSC to their home stream waters.

93



Leland, et al. (2001) reported on the distribution of algae in the San Joaquin River relative to
nutrient supply, salinity and other factors. They found that the phytoplankton in the San Joaquin
River were primarily centric diatoms, and indicated that the growth of these phytoplankton was
found to be limited more by light and flow regime than nutrient supply. Lehman (2002) has
reported that the SJR upstream of Vernalis frequently shows substantial changes in the types of
algae that are present in the River over short periods of time. These changes may be due to
variable inputs of upstream water from the Mud and Salt Slough and SJR at Lander Avenue
watersheds, which contain different types of algae that are manifested in the SJR as patches of a
certain type of algae that are carried downstream.

Additional information on phytoplankton dynamics and planktonic algal chlorophyll a in the
Delta has been provided by Ball (1987). Further, Jassby and Cloern (2000) have presented a
review of the significance of organic matter, which is principally algal and other sources, as part
of the trophic structure of the Delta. Woodard (2000) has reviewed the TOC and DOC data that
have been collected over the years in the tributaries to the Delta and within the Delta. These
various studies point to the SJR upstream of Mossdale as being an important source of organic
carbon for the Delta, and show that an appreciable part of this organic carbon is in the form of
algae and algal remains (detritus).

Urban Stormwater Runoff as a Source of Oxygen Demand for the DWSC. In the Lee and
Jones-Lee (2000a) “Issues” report and initial draft of this report, issues were raised about the
potential significance of urban stormwater runoff as a source of oxygen demand for the DWSC
during the fall. At the time of preparation of those reports, information was not available on the
amounts of oxygen demand and the frequency and magnitude of storms that typically occur in
the fall that can contribute to the low-DO episodes that occur in the San Joaquin River Deep
Water Ship Channel. DO depletion problems below the water quality objective have been found
in every month. They occur most frequently during the summer and fall, up through late
November and early December. While the summer months and early fall are typically periods of
no precipitation, there are storms that lead to substantial runoff during mid- to late fall that would
be contributing urban stormwater runoff-derived constituents to the San Joaquin River and/or the
Deep Water Ship Channel. Recently, as part of another TMDL effort (Lee and Jones-Lee,
2002b), the authors have had the opportunity to gain background information on summer-fall
precipitation events in the Stockton area, as well as the magnitude of BOD and nutrients present
in urban stormwater runoff from Stockton. This section summarizes the findings with respect to
the estimated magnitude of oxygen demand loads from the city of Stockton that could be
occurring in a fall stormwater runoff event.

Studies across the country, as well as in Stockton and in Sacramento, have found that urban
stormwater runoff typically contains from 10 to 15 mg/L of BODs. City of Stockton 1992-1997
data had a median event mean concentration of BODs of 14 mg/L (Stockton, 1998). From the
information provided by the city of Stockton (2000) to the CVRWQCB in its annual NPDES
stormwater runoff water quality monitoring reports, it is found that a 0.54-inch storm over a 2-
day period produced 485,000 cf of runoff from 533 acres. This translates to about 1.4 x 10’ L of
runoff from 533 acres. The monitored area consisted of 533 acres (2.2 x 10° m?) of residential
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area. Therefore, the runoff from a 2-day, half-inch storm contains about 1.3 x 10'° mg of BODs.
This translates to a BODs export coefficient of 93 mg BOD5/m2 of runoff area.

According to the city of Stockton website, the City occupies 56 sq mi. There are 2.6 x 10° m’
per sq mi; therefore, the city of Stockton occupies 1.4 x 10® m” If it is assumed that all of
Stockton’s area exports BODs at about the same rate as the monitored areas, a half-inch storm
would contribute about 1.3 x 10" mg BODs/stormwater runoff event or about 1.3 x 10* kg,

which is 2.9 x 10* Ib BODs/stormwater runoff event discharged to the DWSC.

Using a factor of 2.5 to convert BODs to BOD,, 7.3 x 10* 1b of BOD, could be added to the
DWSC by a stormwater runoff event from the city of Stockton.

The city of Stockton stormwater runoff has been found to contain about 0.6 mg/L of ammonia
nitrogen and 2.2 mg/L of total Kjeldahl nitrogen. Using a factor of 4.5 to convert organic and
ammonia nitrogen to ultimate oxygen demand (NBOD,), and assuming that 1 mg/L of the
Kjeldahl nitrogen could be converted to nitrate in the DWSC upstream of Turner Cut, it is found
that the NBOD, from the nitrogen in stormwater runoff would amount to about 4 x 10° kg of
NBOD, or 8.8 x 10° Ib of NBOD, added to the DWSC in a half-inch stormwater runoff event.
One mg/L was used rather than 2.2 mg/L, since the BODs measurements included some of the
nitrogenous BOD.

Therefore, on the order of 81,000 Ib of total BOD, could be added to the DWSC associated with
a half-inch stormwater runoff event in the city of Stockton. Actually, the amount would be
larger than this since scour within the storm sewers and within the drainage channels (sloughs)
would contribute additional oxygen demand load to the DWSC.

As discussed above, during the fall, based on the 1999-2001 monitoring conducted by the city of
Stockton, the combined city of Stockton wastewater and SJR Mossdale BOD,, load to the DWSC
was on the order of 50,000 to 80,000 Ib/day of BOD,,.

The conclusion is that fall stormwater runoff events in the city of Stockton have the potential to
add a significant amount of BOD, to the DWSC. It is concluded that event-based sampling of
the DWSC should occur in the fall just prior to and for about two weeks following stormwater
runoff events to determine if the pulse of BOD added to the DWSC by the stormwater runoff
event causes significant additional DO depletion. This problem would be more acute during
lower SJR flow through the DWSC, where the residence time for BOD exertion would be longer.
There would be need to consider whether a half-inch or so storm would significantly change the
hydraulic residence time of the DWSC. Further, runoff from upstream areas could contribute
additional BOD load to the DWSC following a rainfall runoff event.

Precipitation in Stockton. The city of Stockton website, www.stockton.org, contains a link to
NOAA “Climate Summary for Stockton.” This summary indicates that on the average
September has 0.3 in of precipitation with a maximum of 3.0 in. In October the mean
precipitation is 0.7 in with a maximum of 2.2 in. In November the mean precipitation is 1.8 in
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with a maximum of 6.2 in. Therefore, in some years there are rainfall runoff events in the fall
that could transport substantial oxygen demand load to the DWSC from Stockton and from
upstream urban and other sources.

DeltaKeeper Dissolved Oxygen Study 2002-2003. During the fall of 1996 and the fall and
winter of 1999-2000, DeltaKeeper collected dissolved oxygen (DO) data on several City of
Stockton waterways. DeltaKeeper data from 1999-2000 and 1996 show low-DO problems in
Stockton sloughs in those years. A review of the DeltaKeeper data shows that 24-48 hours
following a rain event, DO concentrations in Stockton waterways frequently drop below the 5
mg/L aquatic life water quality objective contained in the Basin Plan. Chen and Tsai (1999)
conducted a study of dissolved oxygen in Smith Canal (a Stockton slough) after stormwater
runoff events. The study showed that during or soon after a stormwater runoff event, the water
in Smith Canal was significantly impacted; DO levels dropped to approximately Img/L about
two days after initiation of the event.

During the fall and winter of 2002-2003, beginning with the first storm event on November 6,
DeltaKeeper collected dissolved oxygen data on seven Stockton waterways. In October and
early November 2002 baseline data were collected for five consecutive days at the seven study
sites. Baseline data were collected mainly during low outgoing tides and occasionally at high
tide. Storm runoff event data collection commenced the first day of a rain event and monitoring
continued for 5 to 10 consecutive days at each site or until DO readings rebounded. Storm event
data was collected at low (ebb) tide at each site and also at high tide at one or two of those sites
during 2 to 3 days of the sampling period.

DeltaKeeper dissolved oxygen sampling sites during 2002-2003
1) Mosher Slough - Mariners Drive bridge at I-5
2) Bear Creek — at Laughlin Park levee
3) Five Mile Slough - at Plymouth Road bridge
4) Calaveras River — at UOP footbridge
5) Smith Canal at Pershing Ave. bridge
6) Mormon Slough — at Lincoln Street bridge
7) Walker Slough — at Manthey Road bridge and at I-5

Monitoring was performed by DeltaKeeper staff and/or trained certified volunteers. Field
parameter measurements were made using the Hach portable turbidimeter and one of the YSI
600xls, or Hydrolab Surveyor 4 multimeters. All sampling crews followed the safety
precautions and sample collection protocol outlined in the QA/QC. Multimeters and the
turbidimeter were calibrated daily during the sampling period prior to each sampling run. The
multimeters” DO membranes were changed after each sampling trip and recalibrated no less than
12 hours later (after the membrane had had a chance to soak in deionized water). Multimeters
were calibrated in the field at each sampling site. Once each month, multimeters were also
calibrated using the azide modification of the Winkler method contained in the LaMotte
dissolved oxygen titration kit. The data collected in the 2002 city of Stockton studies are
presented in Figure 23.
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There is a consistent pattern for each of the sampling locations, where prior to the stormwater
runoff beginning on November 6, the DO concentration was 6 to about 10 mg/L. Following the
stormwater runoff the DO rapidly decreased to about 1 to 3 mg/L. As shown in Figure 23 the
DO did not return to prior to the storm concentration for several days to several weeks.
Associated with the decrease in DO there were severe fish kills in several of the Stockton
waterways. Appendix D presents the DWR RRI monitoring data for 2002 through early 2003.
Examination of these data shows that, following the large storm in early November 2002, which
produced substantial urban runoff from the city of Stockton to the DWSC, the DO concentrations
in the DWSC decreased to about 3 mg/L (see the November 2002 data in Appendix D). Prior to
the storm, the RRI DO was 7.5 to about 9 mg/L.. The RRI measured DO did not return to
concentrations above the WQO until mid-December 2002. Examination of the DWR continuous
monitoring data collected at Mossdale showed the low-DO water was not being transported
down the SJR following the storm. It appeared that the storm-associated DWSC low DO
concentrations were of local origin to the DWSC.

Upstream Oxygen Demand Stormwater Runoff Sources. The studies of Kratzer and Biagtan
(1997) indicate that stormwater runoff from the cities in the SJR DWSC watershed could reach
the DWSC in several days after the rainfall runoff event. Part of the oxygen demand in
stormwater runoff from upstream cities will add to the BOD load of the DWSC. The same
situation also applies to stormwater runoff from other areas such as where municipal,
commercial, dairy, feedlot, industrial, and/or agricultural wastes are deposited on land that are
subject to stormwater runoff. The amount of the BOD load that reaches the DWSC depends on
the flow of the tributaries and the SJR which, in turn, impacts to some extent the travel time from
where the stormwater runoff occurs to the DWSC.

An area of particular concern as a source of oxygen demand during stormwater runoff events for
the DWSC is French Camp Slough. French Camp Slough receives urban, commercial and
industrial runoff. This issue is reviewed by Lee and Jones-Lee (2000a).

In addition to the impact of the stormwater-runoff-derived BOD on the DWSC there can also be
impacts on the tributary’s DO. A common problem that occurs associated with stormwater
runoff is low DO following a rising hydrograph. The increased flow leads to increased velocity
in the stream which leads to scour of stream sediments and the suspension of inorganic oxygen
demand.

It is concluded that urban stormwater runoff in Stockton and other municipalities and from other
sources could contribute sufficient oxygen demand to the DWSC to contribute to DO depletion
in the DWSC. This is a topic area that needs attention during Phase I of the TMDL, in order to
evaluate the need to control BOD and other oxygen demand constituents in stormwater runoff
from urban and other land to prevent DO depletion below the water quality objective.

SJR Water Diversions. The SJR DWSC monitoring data collected over the years in the Hayes
cruises, the data collected in the past three years as part of the CALFED-supported studies, and
the water quality modeling data discussed above and below have all shown that flow of the SIR
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through the DWSC is a dominant factor in influencing DO depletion in the DWSC. Decreases in
flow of the SJR through the DWSC increase the hydraulic residence time of oxygen-demanding
substances in the critical reach of the DWSC, thereby decreasing the oxygen demand
assimilative capacity of the DWSC. SJR flows through the DWSC in excess of about 2,000 cfs
would largely, if not completely, eliminate the DO violations below the water quality objective
in the DWSC. The flow of the SJR through the DWSC is highly dependent on upstream
reservoir releases of water and upstream diversions of water. All water diversions and managed
shifts from summer flow to spring flow that decrease the flow of the SJR through the DWSC
during the summer and fall below about 2,000 cfs contribute to the low-DO problem in the
DWSC. There are basically two types of diversions that need to be considered. One of these is
headwater/upstream diversions, and the other is diversions that take place within the Valley
floor.

There are several major upstream diversions, such as the CVP at Friant Dam, the city of San
Francisco and various irrigation districts, that are potential contributors to the low-DO problem.
The effects of the CVP on the southern Delta water supply are discussed in a report (WPRS,
1980). At this time there is an inadequate understanding of the impact of these upstream
diversions on the flow of the SJR through the DWSC during the summer and fall months and
therefore the magnitude of the DO depletion below the WQO associated with these diversions.

The federal Central Valley Project (CVP) and State Water Project (SWP) export through the
Delta-Mendota Canal and California Aqueduct, respectively, up to about 11,000 cfs of South
Delta water to Central and Southern California. The export pumps artificially change the flows
in the South Delta which results in more of the San Joaquin River going through Old River.
These Old River diversions can significantly reduce the SJIR flow through the DWSC, thereby
directly contributing to the low-DO problem in the DWSC during the summer and fall.

In addition to diversion of SJR and its tributary waters, which reduces the flow of the eastside
rivers into the SJR, there are appreciable diversions of the SJR along its length from the Merced
River to the DWSC. Quinn and Tulloch (2002) have reported on their assessment of these
diversions. They report that during 1999, 2000 and 2001, the Patterson Irrigation District, West
Stanislaus Irrigation District, EI-Solyo Water District and Banta Carbona Water District divert
about 500 cfs from the SJR during the months of May through August. The Patterson diversion
is located near Patterson, California, about 1,000 ft downstream of the SJR Patterson gage. The
West Stanislaus Irrigation District intake is located between Patterson, California, and where the
Tuolumne River discharges to the SJR. The El-Solyo intake is located just downstream of the
SJR Maze gage. The Banta Carbona Water District intake is located between Vernalis and
Mossdale.

During the summer the three upstream of Vernalis diversions divert an average of about 400 cfs.
In September, the total irrigation/water districts’ diversion of water decreased to about 188 cfs,
while in October, diversions amounted to about 50 cfs. With a SJR flow at Vernalis during the
same period of about 1,000 to 2,000 cfs, the irrigation districts’ diversions diverted between 25
and 50 percent of the SJR flow at Vernalis/Mossdale. Some of this diverted irrigation water is
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returned to the SJR in tailwater returns. Quinn and Tulloch (2002) estimate that during July the
irrigation return waters to the SJR represent about 60 cfs, which is about 15 percent of the water
diverted.

Quinn (pers. comm., 2002) indicated that the CVRWQCB estimates the groundwater inflow to
the SJIR to be about 4.7 cfs/mile. Therefore, in the SJR reach from Patterson to Vernalis (about
15 river miles) the groundwater would add about 70 cfs to the SJR flow. Additional information
on the quantity and quality of groundwater inflow to the SJR has been provided by Phillips, et al.
(1991).

If it is assumed that the SJR water that is diverted contains about 6 mg/L of BOD, the total
BOD load removed from the SJR by the agricultural diversions is about 31,500 Ib/day. This
represents a substantial reduction in the total BOD, load that is diverted from the SJR by
agricultural diversions. Therefore, the agricultural irrigation diversions are detrimental to the
DO problem within the DWSC to the extent that these diversions reduce the flow of the SJR
through the DWSC. However, these agricultural diversions are beneficial to the DO problem in
the DWSC as a result of removing a substantial algal (BOD,) load from the DWSC.

Upstream Wastewater Sources. The oxygen demand loads of the city of Stockton’s discharge of
about 45 cfs of treated domestic wastewaters to the SJR just upstream of where the SJR enters
the DWSC have been quantified. Of particular importance is the City’s discharge of elevated
concentrations of ammonia which can exert a significant oxygen demand in the DWSC. There
are, however, a number of upstream of Mossdale municipal and commercial/industrial
wastewater sources that have the potential to add oxygen demand to the SJR and thereby,
increase the DO depletion problem in the DWSC. Quinn and Tulloch (2002) have reviewed the
existing information on these sources.

With the exception of Manteca (6 mgd) and Turlock (10.4 mgd), the CVRWQCB NPDES
wastewater discharge permits for municipal and industrial discharges in the SJR watershed above
Vernalis generally prohibit wastewater discharges to the SJR and its tributaries during the
summer and early fall. According to Tulloch (pers. comm., 2002), Los Banos and Merced
wastewaters do not reach the SJR because of agricultural diversions or infiltration. Modesto’s
NPDES wastewater discharge permit requires that it discharge its wastewaters to land irrigation
systems during the summer and early fall. These land irrigation systems do not have direct
discharge to the SJR or its tributaries. There may, however, be groundwater transport of
nutrients, especially nitrate, from the wastewater irrigation areas to the SJR or its tributaries
during the summer months.

Tracy discharges its wastewaters to the South Delta, which at this time do not enter the SJR
DWSC. That situation could change if the reverse-flow pumping of South Delta waters into the
SJR via Old River is initiated. Further, according to Foe (pers. comm., 2002), Lathrop and
Mountain House have proposed NPDES wastewater discharge permits. Mountain House would
discharge to Old River, while Lathrop would discharge to the SJR upstream of the DWSC.
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As with agricultural land stormwater runoff, the lack of rainfall during the summer and early fall
prevents stormwater runoff from municipal and industrial areas in the SJR watershed from being
a major contributor to summer and fall loads of oxygen demand materials to the SJR and its
tributaries. As discussed above, however, mid-fall rain could transport oxygen demand materials
from municipal and industrial wastewater management areas in stormwater runoff that could add
to the mid- to late fall low-DO problems in the DWSC.

Generally, it can be concluded that since the large municipalities in the SJR watershed upstream
of Vernalis, such as Modesto and Merced, do not discharge domestic wastewaters to the SJR or
its tributaries during the summer and early fall months, these municipalities are not major direct
causes of the summer/fall low-DO problem in the DWSC. However, the wastewater discharges
from these cities may contribute to the low-DO problem at other times of the year.

Significance of the Mud and Salt Slough and SJR Upstream of Lander Avenue Watersheds.
Evaluation of the data collected in the summer/fall of 2000 and 2001 of the SJR upstream of
Vernalis has shown that two of the SJIR tributaries, Mud Slough and Salt Slough, and the SJR
upstream of Lander Avenue (Highway 165) are the primary sources of algae that ultimately, after
several days of transport with additional growth in the SJR, lead to the high algal related oxygen
demand that causes DO depletion below the water quality objective in the DWSC. At times, up
to about 80 percent of the oxygen demand load to the DWSC at Mossdale is derived from these
three sources.

McGahan (pers. comm., 2002) has provided the following information on the Mud and Salt
Slough and SJR upstream of Lander Avenue watersheds. The “Grassland Drainage Area” is
only a small portion of the watershed that discharges out Mud and Salt Slough into the San
Joaquin River. The Grassland Drainage Area is a 97,000-acre agricultural area with 40,000 acres
of subsurface drains that discharges out the San Luis Drain. All of this flow goes into Mud
Slough, along with other flows outside of the Grassland Drainage Area. Flows from the
Grassland Drainage Area in water year 2000 were 31,260 acre-feet. The total flows from Mud
and Salt Slough were 235,490 acre-feet. The Grassland Drainage Area therefore discharged 13
percent of the flow from these two combined sites, and this does not include the flow
contribution from the San Joaquin River at Lander Avenue (Hwy 165).

The Mud and Salt Slough watersheds are an important source of other pollutants, including
selenium, boron, and salt (TDS). According to McGahan (pers. comm., 2002), the flows from
the Grassland Drainage Area have been reduced significantly (47 percent from historical flows)
due to the current selenium reduction program over the last five-year period. It will be important
in developing the TMDLs to manage the water quality problems in discharges from the Mud and
Salt Slough watersheds to integrate the various control programs for selenium, boron and TDS
with nutrient/algae control programs so that they do not exacerbate the low-DO problem in the
DWSC.

Thus far, studies conducted by Stringfellow and Quinn (2002) within the Mud and Salt Slough
watersheds during the summer/fall 2000 have shown that the primary source of algal nutrients
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(nitrogen and phosphorus compounds) that lead to high algal concentrations/loads at the mouths
of Mud and Salt Sloughs where