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Diagram of the SIR DO TMDL Implementation Program

Framework for the San Joaquin River Dissolved Oxygen TMDL Accounting
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Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2000.

Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2000.

Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2001.

Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2001.

Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2002.

Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2002.

Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2003.

Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2003.

Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2004.

Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2004.
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Figure 7a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2005.

7b Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (UC Davis) Concentrations at
Mossdale for 2005.

Figure 8a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2006.

8b [Not Shown yet] Comparison of the Daily DO Range, Estimated Algae Pigment from
Maximum pH, Measured Fluorescence, and Extracted Algae Pigment (UC Davis)
Concentrations at Mossdale for 2006.

Figure 9a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2007.

9b [Not Shown yet] Comparison of the Daily DO Range, Estimated Algae Pigment from
Maximum pH, Measured Fluorescence, and Extracted Algae Pigment (UC Davis)
Concentrations at Mossdale for 2007.

Figure 10a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2008.

10b Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (DWR) Concentrations at
Mossdale for 2008.

Figure 11a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2009.

11b Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (DWR) Concentrations at
Mossdale for 2009.

Figure 12a Daily Minimum, Maximum, and Saturated DO Concentrations at Mossdale,
with the SJR Flow at Vernalis Shown as Reference for 2010.

12b Comparison of the Daily DO Range, Estimated Algae Pigment from Maximum pH,
Measured Fluorescence, and Extracted Algae Pigment (DWR) Concentrations at
Mossdale for 2010.

Figure 13a City of Stockton River Station Measurements of VSS at R1, R2, and R2a for
2008

13b City of Stockton River Station Measurements of Algae Pigment (chlorophyll and
phaeophytin) at R1, R2, and R2a for 2008.

13c City of Stockton River Station Reduction of VSS from R1 to R2 and R2a for 2008.
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City of Stockton River Station Reduction of Algae Pigment from R1 to R2 and R2a for
2008.

Stockton RWCF effluent daily discharge, 5-day moving average discharge
and monthly average discharge (cfs) for 2000.

Daily measurements of 5-day BOD, 5-day CBOD and TSS concentrations (mg/l) for 2000.
Stockton RWCF effluent nitrogen concentrations (mg/I) for 2000.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2000.

Stockton RWCEF effluent nitrogen concentrations (mg/l) for 2001.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2001.

Stockton RWCF effluent nitrogen concentrations (mg/I) for 2002.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2002.

Stockton RWCF effluent nitrogen concentrations (mg/l) for 2003.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2003.

Stockton RWCF effluent nitrogen concentrations (mg/l) for 2004.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2004.

Stockton RWCF effluent nitrogen concentrations (mg/l) for 2005.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2005.

Stockton RWCF effluent nitrogen concentrations (mg/I) for 2006.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2006.

Stockton RWCF effluent nitrogen concentrations (mg/l) for 2007.

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2007.

Stockton RWCEF effluent nitrogen concentrations (mg/I) for 2008 [Most
ammonia-N was <0.5 mg/I].

Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2008.
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Figure 23a Stockton RWCEF effluent nitrogen concentrations (mg/I) for 2009 [Most
ammonia-N was <0.5 mg/I].
23b Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2009.
Figure 24a Stockton RWCF effluent nitrogen concentrations (mg/l) for 2010 [Most
ammonia-N was <0.5 mg/I].
24b Calculated DWSC inflow CBOD and NBOD concentrations from the RWCF with assumed
effluent discharge of 50 cfs and river flow of 200 cfs (dilution factor of 5) for 2010.
Figure 25a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2000.
25b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2000.
Figure 25c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2,
and R2a for 2000.
25d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2000.
Figure 26a Daily Measured and Estimated (Selected) DWSC Flow with SJR Flows at
Vernalis for 2001.
26b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2001.
26¢ Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2001.
26d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2001.
Figure 27a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2002.
27b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2002.
27c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2002.
27d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2002.
Figure 28a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2003.
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28b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2003.

28c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2003.

28d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2003.

Figure 29a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2004.

29b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2004.

29c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2004.

29d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2004.

Figure 30a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2005.

30b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2005.

30c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2005.

30d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2005.

Figure 31a Daily Measured (Selected) and Estimated DWSC Flow with SIR Flows at
Vernalis for 2006.

31b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2006.

31c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2006.

31d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2006.

Figure 32a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2007.

32b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2007.
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32c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2007.
32d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2007.
Figure 33a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2008.
33b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2008.
33c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2008.
33d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2008.
Figure 34a Daily Measured (Selected) and Estimated DWSC Flow with SIR Flows at
Vernalis for 2009.
34b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2009.
34c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
20009.
34d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2009.
Figure 35a Daily Measured (Selected) and Estimated DWSC Flow with SJR Flows at
Vernalis for 2010.
35b Daily Estimated Upstream River Algae BOD and Stockton RWCF BOD Entering the DWSC
for 2010.
35c Daily Estimated Inflow DO Compared to Measured DO at Stations R1, R2, and R2a for
2010.
35d Daily Estimated Minimum DO in the DWSC Compared to Minimum DO at RRI and
Measured DO at R4, R5, and R6 for 2010.
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Acronyms
af acre-feet
BOD biological oxygen demand
CBDA California Bay-Delta Authority
cfs cubic feet per second
Cvp Central Valley Project
CVRWQCB Central Valley Regional Water Quality Control Board
DO Dissolved Oxygen
DWR Department of Water Resources
DWSC Deep Water Ship Channel
EC electrical conductivity
ENOD excess net oxygen demand
LC loading capacity
NEPA National Environmental Policy Act
NPDES National Pollutant Discharge Elimination System
RWCF Regional Wastewater Control Facility
SJR San Joaquin River
SwWp State Water Project
TMDL Total Maximum Daily Load
TWG Technical Work Group
Uop University of the Pacific
USACE United States Army Corps of Engineers
VAMP Vernalis Adaptive Management Program
VSS volatile suspended solids
WDR Waste Discharge Requirements
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Appendix A
Possible SJR DO TMDL
Implementation Procedures

Introduction

This appendix supplements the Stockton Deep Water Ship Channel Demonstration Dissolved Oxygen
Aeration Facility Project Final Report prepared by ICF International. It provides information about a
possible scenario of how the Demonstration Aeration Facility (Aeration Facility) could be operated
in the future as part of the San Joaquin River (SJR) Dissolved Oxygen (DO) Total Maximum Daily
Load (TMDL) implementation program.

In its Final Staff Report for the SJR DO TMDL Basin Plan Amendments, the Central Valley Regional
Water Quality Control Board (CVRWQCB) generally discussed the need for procedures that could
allocate responsibility for low-DO concentrations observed in the SJR’s Deep Water Ship Channel
(DWSC). However, neither the CVRWQCB nor the SJR DO TMDL Technical Work Group (TWG)
developed specific procedures for determining how much responsibility for measured DO objective
deficits should be assigned to the three general causes of low DO—DWSC geometry, reduced flows,
and biochemical oxygen demand (BOD) loads—or to individual BOD load sources. The development
and approval of such accounting procedures by CVRWQCB and stakeholders will be necessary for
the future operation of the Aeration Facility (as part of the TMDL implementation program), which
could be used to reduce periods of low-DO concentrations in the DWSC. Such accounting procedures
could ultimately be used to formally apportion responsibility for DO objective deficits in the DWSC,
guide Aeration Facility operation, and allocate costs associated with Aeration Facility operation.

This appendix is divided into two main sections, each of which describes an important SJR DO TMDL
implementation program topic related to the accounting procedures briefly described above.

1. Review of the Final Staff Report for the SJR DO TMDL Basin Plan Amendments. This section
identifies the regulatory framework for the SJR DO TMDL implementation program by
excerpting and discussing key portions of the CVRWQCB’s 2005 Basin Plan Amendments and
Final Staff Report (Central Valley Regional Water Quality Control Board 2005). This review
identifies the TMDL accounting and reporting procedures that must be developed (and
approved by stakeholders and CVRWQCB staff) for the future SJR DO TMDL implementation
program.

2. Suggested SJR DO TMDL Implementation Accounting Procedures. This section identifies
possible SJR DO TMDL accounting procedures that could be used for estimating the effects of SJR
and DWSC flows, upstream river algae concentrations, and Stockton Regional Wastewater
Control Facility (RWCF) effluent concentrations on the combined inflow BOD to the DWSC and
the resulting DO concentrations in the DWSC. These daily accounting procedures may provide a
reliable framework for understanding the causative factors of low DO in the DWSC and assigning
proportional responsibilities to stakeholders for Aeration Facility operation (or other
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implementation measures) to meet the DO objective. If approved by RWQCB staff and
stakeholders, these proposed accounting procedures could also provide a reporting framework
to demonstrate compliance with the SJR DO TMDL implementation program.

Figure 1a shows how the regulatory framework (described in the first section) was the basis for the
development of the accounting procedures (described in the second section). The basic conceptual
model for the SJR DO TMDL implementation program is shown in the upper left portion of the
diagram. Periods of low DO in the DWSC are generally considered to be the result of three factors:
DWSC geometry, low flows, and high BOD loads from upstream river algae or treated wastewater
effluent. The basic implementation measures are shown in the upper right portion of the diagram;
these were identified in the Final Staff Report as wastewater BOD load reductions, operation of the
City of Stockton RWCF nitrification facility, operation of the Aeration Facility, increased S]R flows,
and reduced river algae BOD loads. The bottom of the diagram shows the TMDL accounting
procedures that could be used to estimate the relative contributions of the factors causing low-DO
concentrations in the DWSC, and evaluate the benefits (increased DO) from various implementation
measures, including the operation of the Aeration Facility.

Should these suggested TMDL implementation accounting procedures be approved by the
CVRWAQCB and stakeholders, next steps will include development of a monitoring strategy and
development of an operations strategy for the Aeration Facility. Recommendations for these two
strategies conclude this appendix.
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Review of the SJR DO TMDL Implementation Program

This first section of the appendix reviews the SJR DO TMDL implementation program, and identifies
the regulatory basis for the TMDL accounting procedures. The framework proposed by CVRWQCB
staff for the SJR DO TMDL implementation program was based on the concept of excess net oxygen
demand (ENOD), which was defined in the 2005 Basin Plan Amendments and Final Staff Report as
the excess oxygen demand measured at the location of minimum DO concentration in the DWSC. The
basic idea was that load allocations (i.e., reductions) for oxygen demanding substances (BOD loads),
necessary augmentation of SJR or DWSC flow, and required compensation for the effects of DWSC
geometry (increased depth and travel time) on DO concentrations may only be needed when the
minimum DO measured in the DWSC was below the DO objective (i.e., 5 mg/] from December-
August and 6 mg/1 in September-November).

These TMDL calculations of ENOD and the effects of flows, geometry, and BOD loads on DWSC DO
were generally described in the Final Staff Report sections “Excess Net Oxygen Demand and Total
Maximum Daily Load” (Section 4.4), “Waste Load and Load Allocations” (Section 4.5), and “Program
of Implementation” (Section 4.6) (Central Valley Regional Water Quality Control Board 2005). The
major concepts introduced in these sections of the Final Staff Report are reviewed and discussed
below to provide the regulatory basis for developing possible TMDL accounting procedures. Some
excerpts (inset) from the Final Staff Report (Central Valley Regional Water Quality Control Board
2005) are provided here with some review comments to introduce the purpose and need for the
suggested SJR DO TMDL accounting procedures.

From 4.4 Excess Net Oxygen Demand and Total Maximum Daily Load

“When dissolved oxygen concentrations in the DWSC are below Basin Plan objectives, the
assimilative capacity of the water column for net oxygen demand has been exceeded. For the
purpose of this TMDL, net oxygen demand is defined as the net rate by which all chemical,
biological, and physical mechanisms in the water column either add or remove dissolved oxygen
(pounds of oxygen demand per day). When the rate of oxygen removed from the water column
is greater than the rate by which it is added, there is a decrease in the dissolved oxygen
concentration. The net rate of oxygen demand over and above the loading or assimilative
capacity, at the point of lowest DO concentration in the DWSC, is referred to as the ENOD.”

“This TMDL and associated control program allocates responsibility for reduction of ENOD such
that the Basin Plan DO objectives are attained in the DWSC. This TMDL assigns 100% of the
responsibility for reducing ENOD to those parties collectively responsible for each of the three
contributing factors: 1) sources of oxygen demanding substances; 2) DWSC geometry; and 3)
reduced DWSC flow.” (Page 35 of Final Staff Report)

This paragraph introduces the basic concept that the parties (i.e., stakeholders) are collectively
responsible for reducing the ENOD (i.e., DO deficit) and that the TMDL will be implemented with an
adaptive control program that requires some changes or management actions to reduce or eliminate
the ENOD to meet the DWSC DO objective at all times.
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From 4.4.1 Loading Capacity

“DO concentrations in the DWSC are affected by the relative rate of chemical and physical
mechanisms that remove oxygen from the water column (oxygen demand) versus those that add
oxygen (re-aeration). At any particular point in the river, when the rate of all oxygen demanding
mechanisms are greater than the rate of all the re-aeration mechanisms, DO concentrations
decrease (and visa versa). Net oxygen demand will be expressed as pounds of oxygen per day.”

“The loading capacity (LC) of the DWSC is the amount of net oxygen demand that can be present
at any point in the DWSC such that Basin Plan DO objectives are not violated. This does not
include consideration of a margin of safety or other factors that reduce loading capacity. In
equation form LC is given by:

LC = {DOsat - DOobj} X Qowsc X 5.4 (Eq 4-1)

“where DOs; is the saturation DO concentration, which is itself a function of water temperature,
in milligrams per liter; DOop; is the applicable Basin Plan DO objective in milligrams per liter;
Qpwsc is the net daily flow rate through the DWSC4 in cubic feet per second; and 5.4 is a unit
conversion factor that provides LC, in terms of pounds of oxygen per day. It can be seen from the
above equation that LC is a function of flow through the DWSC and temperature (to the extent
that temperature affects DOsat).” (Page 36 of Final Staff Report)

The ideas that there is a natural oxygen balance and that some oxygen demanding load (i.e., BOD)
can be assimilated by the natural reaeration of the river or DWSC (without violating the DO
objective) are introduced in this section. Equation 4-1 provides an estimate of the amount of DO that
is missing from the DWSC at the point of minimum DO concentration, which is caused by the balance
between the daily BOD decay and the daily reaeration. Because the natural reaeration within the
DWSC increases as DO concentration decreases, estimates of the inflowing oxygen demands (i.e.,
BOD) and the rate of BOD decay are needed to calculate the maximum daily assimilative capacity
(pounds of BOD) for the DWSC. The maximum loading capacity for the DWSC would occur when the
measured DO concentration was reduced to the DO objective. An oxygen balance (i.e., sources and
sinks) calculation for the DWSC is needed to estimate the maximum BOD load capacity of the DWSC.
Possible calculations of the DWSC DO-BOD balance are introduced later in this appendix.

From 4.4.2 Excess Net Oxygen Demand
“In equation form, the general concept of ENOD is represented by the following:
ENOD = {DOobj - DOmeas} X QDWSC x 5.4 (Eq 4-2)

where DO,y is the applicable Basin Plan DO objective in milligrams per liter; DOmeas is the
measured DO concentration, in milligrams per liter; Qowsc is the net daily flow rate through the
DWSC in cubic feet per second; and 5.4 is a unit conversion factor that provides ENOD in terms
of pounds of oxygen per day.” (Page 38 of Final Staff Report)

The basic idea introduced with the ENOD calculation is that SJR DO TMDL implementation measures
will only be required when the minimum DO in the DWSC is below the DO objective. The ENOD
calculation is an approximate estimate of the amount of oxygen that would need to be added each
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day (from the Aeration Facility) to increase the minimum DWSC DO to the DO objective. The daily
excess net oxygen demand is not equivalent to the BOD load reduction (Ib/day) that may eliminate
the DO impairment. The minimum DO in the DWSC is the result of the cumulative decay of BOD
(about 10% per day), balanced with the cumulative surface reaeration that increases with the DO
saturation deficit. The results from the DWSC DO Model, as described in Appendix A of the 2008
Operations Report (ICF International 2010b), indicate that a reduction of about 4 mg/1 of BOD will
increase the minimum DO in the DWSC by about 1 mg/1.

From 4.4.4 Total Maximum Daily Load

“When excess net oxygen demand exists, it is the combined effect of all load and non-load
related contributing factors present at that time. Although they do not represent a discharge of
an oxygen-demanding substance or precursor, the effect of the DWSC geometry and reduced
flow through the DWSC magnifies the impact of waste loads and loads of oxygen demanding
substances by reducing the loading capacity and hence increasing excess net oxygen demand.”
(Page 39 of Final Staff Report)

This paragraph introduces the general idea that oxygen-demanding loads (i.e., BOD) and other
factors (e.g., flows and geometry) will be included in the TMDL control (implementation) program.
But the methods for relating flow and geometry to the measured ENOD were not presented. Possible
procedures for accounting for the effects of these flow and geometry factors on DWSC DO
concentrations are introduced and described later in this appendix.

From 4.5.1 Apportioning Excess Net Oxygen Demand

“The two contributing factors of DWSC geometry and reduced flows through the DWSC are not
loads of a substance for which mass or concentration limits can be assigned. Instead, these
factors reduce the oxygen demand loading capacity of the DWSC available to assimilate loads of
oxygen demanding substances, thereby increasing excess net oxygen demand. To eliminate the
DO impairment, a combination of source controls to reduce the oxygen demand from upstream
loads, combined with measures to restore the loading capacity impacted by the two non-load
related factors, must be implemented such that excess net oxygen demand is eliminated.”

“Those parties collectively responsible for each contributing factor will need to coordinate with
those responsible for the other factors to implement control measures that eliminate excess net
oxygen demand (plus the margin of safety). This TMDL does not specify the relative
responsibility among these three factors. Entities responsible for each of the three main
contributing factors will need to determine among themselves the relative responsibility that
will be assumed by each contributing factor.”

“Credit for source controls or alternate measures implemented after 12 July 2004 will count
towards satisfying the excess net oxygen demand either apportioned to the associated
contributing factor or allocated to specific sources of oxygen demanding substances and their
precursors. This will require the ability to establish a baseline to quantify the amount of
impairment reduction achieved by the various source controls and/or alternate measures to
ensure equitable participation from all responsible entities.” (Pages 40-41 of Final Staff Report)
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These paragraphs emphasize the shared responsibility among stakeholders to implement control
measures that will eliminate the ENOD, and that the allocation of responsibility should be
determined by the stakeholders themselves. The possibility of credits for reducing ENOD through
source controls or alternative measures (e.g., aeration facilities) is introduced. The need to establish
a baseline for tracking and accounting for multiple control measures is also introduced. Suggested
accounting procedures for determining responsibility for ENOD and credits for source controls and
other measures are described in this appendix. The suggested accounting procedures would use the
historical conditions as the baseline, and would include methods for adjusting the observed flows,
BOD loads, and aeration operations to estimate the effects of each factor on the observed DWSC DO
conditions.

From 4.5.2 Waste Load and Load Allocations to Point and Non-Point Sources

“A number of studies have generated data to evaluate the impact of City of Stockton RWCF
effluent, loads of algae, and other sources on the DO impairment in the DWSC. Based on the
relative contribution of BODuloads calculated from historical data discussed above, 30 percent
of the responsibility for excess net oxygen demand apportioned to loads of oxygen demanding
substances is allocated as a waste load, WLARWCF, to the RWCF. Based on best professional
judgment, 10 percent of the responsibility for reducing excess net oxygen demand is allocated as
areserve [unassigned] to address unknown sources and impacts, and known or new sources
that have an insignificant impact. This includes unknown impacts from waste load allocations to
existing NPDES permitted discharges other than the Stockton RWCF. The remaining 60 percent
of ENOD is allocated as a load allocation, LANPS, to non-point sources of algae and/or precursors
in the watershed.”

“The complexities of determining the relative contributions to oxygen demand in the DWSC are
numerous. Most important is an understanding of the mechanisms by which the various
carbonaceous and nitrogenous compounds are oxidized in the DWSC and how these
mechanisms are affected by variables such as flow, temperature, and environmental factors.
More data and analysis are needed to understand the dynamics of these different mechanisms.
Modeling is also needed to evaluate the net effect of these mechanisms on DO concentrations.
The specific data needs and the studies that must be performed to provide this data are
discussed in Section 4.6.”

“The allocations between the various point and non-point sources may be modified in a revision
to this TMDL based on the findings of future studies regarding the relative impact of these
sources on oxygen demand in the DWSC.” (Pages 41-42 of Final Staff Report)

These paragraphs describe the initial allocations of responsibility for reducing the BOD loads that
contribute to any observed ENOD conditions (DO deficit). The possibility that additional information
about the load and non-load factors would be useful and that the TMDL load allocation might be
revised based on new information is introduced. Possible procedures for estimating the relative
contributions to the DWSC DO concentrations and the corresponding responsibility for operating
the Aeration Facility to reduce or eliminate the low DO conditions are developed and described later
in this appendix.
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From 4.6.1 Phased Implementation Approach

“Although there is adequate scientific understanding to support a general allocation of
responsibility for excess net oxygen demand described in Section 4.5, there is inadequate
understanding at this time to support more detailed waste load or load allocations to specific
sources of oxygen demanding substances and their precursors. Various agricultural drainage
and irrigation districts are currently in the process of establishing a contract for the bulk of the
field studies with the California Bay-Delta Authority (CBDA). The [CBDA sponsored] modeling
studies in the DWSC are recently underway. This program of implementation also describes the
actions being taken by various agencies responsible for DWSC geometry and reduced flow
through the DWSC to study and then implement measures to reduce their associated impacts on
excess net oxygen demand conditions in the DWSC.”

Source Control and Implementation Studies

“As the sources of oxygen demanding substances and their linkages to the DO impairment are
better understood, those sources linked to the DO impairment will be required to implement
measures to reduce or eliminate their contribution to the impairment. Some of these proposed
measures may directly control the source, and others may provide alternate means of reducing
the impact to less than that apportioned in the TMDL.”

Study of Alternative Implementation Measures for Non-Load Related Factors

“The aeration feasibility and demonstration project is a two-phased project that starts with a
small-scale feasibility study of different aeration technologies that may be effective in the DWSC.
This first phase will also include the design of a monitoring network to measure the impact of
aeration on DO concentrations in the DWSC. Once the preferred technologies are identified by
the feasibility study, the next phase of the project will be the construction and operation of a
large-scale demonstration project using the aeration technologies determined most effective in
the DWSC. The purpose of this large-scale project is twofold. First, the purpose is to collect
performance and cost data for consideration in development of the final phase of the program of
implementation. The second purpose is to begin improving DO conditions prior to development
and implementation of the final phase.”

“As currently planned by the California Bay-Delta Authority, construction of the aeration
demonstration project will be financed by Proposition 13 funds. A group of various agencies in
the watershed are currently negotiating an assurance agreement to provide the resources
needed to operate, maintain, and monitor the performance of the aerators after construction.”
(Pages 44-47 of Final Staff Report)

These paragraphs provide the most direct connection between the Aeration Facility studies and the
SJR DO TMDL implementation (control) program. However, the methods for determining
responsibility for the ENOD conditions or assigning credits for the Aeration Facility operations were
not specified. The various funded studies of the DWSC and DWSC upstream river water quality were
anticipated to provide additional information that would be used to finalize the TMDL control
program. How much of the ENOD conditions could be reduced or eliminated by the Aeration Facility
was not known. Likewise, the effects of the RWCF nitrification facility on DWSC DO concentrations
could not be accurately anticipated without further studies. The possible TMDL accounting

Demonstration Dissolved Oxygen Aeration Facility Project December 2010
Possible SJR DO TMDL Implementation Procedures A-7
ICF 00508.10



California Department of Water Resources Appendix A

procedures described in this appendix could be used to estimate the effects of these control
measures on the DWSC DO conditions (i.e.,, TMDL credits).

From 4.6.2 Actions Addressing Point Sources

“As described in Section 4.5, the City of Stockton RWCF will receive a waste load allocation
equivalent to 30 percent of the excess net oxygen demand apportioned to loads of oxygen
demanding substances. The magnitude of this 30 percent allocation is variable depending upon
the excess net oxygen demand conditions in the DWSC. This allocation is for excess net oxygen
demand, at the point of lowest DO concentration in the DWSC, expressed in units of pounds of
oxygen per day.”

“This waste load allocation of oxygen demand in the DWSC, however, must be converted and
expressed in terms of effluent concentration or mass load limits for constituents in the RWCF
discharge. This will require understanding the linkage between a given quantity of a oxygen-
demanding constituent in the RWCF and the corresponding impact on DO concentration in the
DWSC. Further field and modeling studies are required to understand the specific mechanisms
in the DWSC that convert RWCF constituents into oxygen demand and how they are impacted by
numerous environmental variables. Of particular interest is how reduced flow through the
DWSC influences the amount of oxygen demand that is exerted from the City of Stockton
ammonia loads in the DWSC.” (Page 48 of Final Staff Report)

This paragraph describes the need to understand how flow may reduce (i.e., dilute) the effects from
RWCF ammonia oxidation and BOD decay on the DWSC minimum DO concentrations. This section
implies that the planned RWCF nitrification facility may have a major effect on the ENOD conditions.
Because operation of the nitrification facility began in 2007, and testing and evaluation of the
Aeration Facility began in 2008, the effects from these two major TMDL control measures should be
separately and accurately evaluated.

From 4.6.3 Actions Addressing Non-Point Sources

“As described in Section 4.5, sixty percent of the responsibility for ENOD is apportioned to
nonpoint sources of algae and its precursors. Consistent with the Conditional Waivers for
Discharges from Irrigated Lands (Resolution No. R5-2003-0105), and for the purpose of this
control program, non-point source discharges are discharges from irrigated lands. Irrigated
lands are lands where water is applied for producing crops and, for the purpose of this control
program, includes, but is not limited to, land planted to row, field, and tree crops, as well as
commercial nurseries, nursery stock production, managed wetlands and rice production.”

“Many mechanisms are known or are suspected of influencing the growth, transport, and decay
of algae in the DWSC. Of particular interest are the growth dynamics of algae as it is conveyed
downstream through the watershed. Better understanding of these dynamics is needed to
determine how specific sources of algae, and specific sources of nutrients that contribute to algal
growth, are linked to DO concentrations in the DWSC.” (Page 51 of Final Staff Report)

This paragraph indicates that results of the (planned) upstream river water quality studies would be
used to determine the effects of agricultural drainage on upstream algae growth and subsequent
BOD loads entering the DWSC. The results from the upstream studies conducted from 2005 to 2007
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are now available and have been incorporated into the accounting procedures for upstream river
algae concentrations that are described in this appendix.

From 4.6.4 Actions Addressing Deep Water Ship Channel Geometry

“The DWSC geometry reduces the efficiency of mechanisms that supply oxygen to the water
column, like natural surface re-aeration and algal photosynthesis. At the same time, the DWSC
geometry magnifies the impact of oxygen demanding substances (e.g., ammonia) that reduce DO
concentrations in the water column. The net effect is that the DWSC reduces the loading
capacity, and hence worsens excess net oxygen demand conditions in the DWSC for a given load
of oxygen demanding substances.”

“The USACOE is the primary entity responsible for the existing and any future deepening in the
DWSC. The Port of Stockton is the entity responsible for any future berth deepening at its
facilities along the DWSC.”

“Because DWSC geometry does not discharge any substances, however, no waste load or load
allocations can be assigned to entities responsible for the DWSC geometry. Instead, the
CVRWQCB will rely upon its authority under Section 401 of the CWA to require that the
cumulative effects on excess net oxygen demand conditions caused by future changes in DWSC
geometry are adequately mitigated.”

“The USACOE has already attempted to provide some level of mitigation for past DWSC
geometry alterations. Between 1984 and 1987, the DWSC was deepened from 30 feet below
MLLW to 35 feet below MLLW. As part of their National Environmental Policy Act (NEPA)
documentation for that project, the USACOE performed modeling that estimated the deepening
could reduce loading (assimilative) capacity by as much as 2,500 pounds of oxygen per day
(USACOE 1990). To mitigate this impact, the USACOE constructed and now operates [with the
Port of Stockton] a jet aeration system in the DWSC near where the San Joaquin River enters the
DWSC at Channel Point.” (Page 52 of Final Staff Report)

These paragraphs introduce the concept of allowing mechanical aeration facilities to compensate for
the existing and future effects of the DWSC geometry on the low DO observed at the Rough and
Ready Island (RRI) monitoring station. The effects of aeration facilities are included in the proposed
TMDL accounting procedures.

From 4.6.5 Actions Addressing Reduced Flow through the Deep Water Ship
Channel

“The impact of reduced flow on excess net oxygen demand conditions in the DWSC has been well
documented under current DWSC geometry and variable loading conditions. As flow into the
DWSC at a given DO concentration is reduced, less oxygen demand can be exerted before DO
concentrations drop below the Basin Plan objectives. It has also been hypothesized that
increased DWSC residence times increases how much of the oxygen demand from upstream
loads of oxygen demanding substances is exerted in the DWSC. Although relationships between
reduced flow through the DWSC and the DO impairment are fairly well understood, further field
analysis and modeling studies are required to better understand the specific oxidation
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mechanisms, and how they are affected by flow, both within the DWSC and upstream.” (Page 53
of Final Staff Report)

This paragraph mentions but does not provide specific details about the impacts of reduced flow on
DO concentrations in the DWSC. The suggested TMDL accounting procedures include the effects of
river flow on the upstream algae loading and the effects of the DWSC flow on dilution of the RWCF
discharges and residence time in the DWSC. The proposed accounting procedures would enable an
accurate evaluation of the effects of increased flow on the minimum DO concentrations in the DWSC.

From 4.6.6 Consideration of Alternative Implementation Measures

“Alternate implementation measures may be needed as a substitute for direct control of certain
causative factors if on-going studies show that certain causative factors cannot be successfully
mitigated by direct controls. It may also be necessary to rely on short-term alternate
implementation measures as longer-term control measures take more time to implement and
become effective. The CVRWQCB will need to consider if alternate implementation measures
that are proposed by those responsible for certain contributing factors are acceptable. In order
to be acceptable, any alternative implementation measures proposed for consideration by the
CVRWQCB must adequately address the impact on the DO impairment and must not degrade
water quality in any other way. If altern