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Executive Summary

INTRODUCTION

The purpose of this report is to help improve understanding of the processes that affect
dissolved oxygen (DO) in the lower San Joaquin River and to identify potential management
solutions for improving DO conditions in the Stockton Deepwater Ship Channel. The concentration
of DO in this reach frequently declines below 5 milligrams per liter (mg/1), especially during the
warm months. There is concern that such DO concentrations may negatively affect resident fish and
other aquatic life and impede migration of chinook salmon. A recommendation related to
immigration of chinook salmon prompted the State Water Resources Control Board (SWRCB) to
impose a fall (September, October, and November) DO objective of 6 mg/] for the reach between
Stockton and Turner Cut, in addition to the year-round DO objective of 5 mg/l established by the
Central Valley Regional Water Quality Control Board (CVRWQCB) for all locations on the San
Joaquin River. Developing a strategy for improving DO conditions in the river remains a pressing
concern.

This report is based primarily on analyses of field data collected by the City of Stockton
(City), the California Department of Water Resources (DWR), and other agencies between 1986 and
1995 and on output from the Stockton water quality model (Schanz and Chen 1993). The following
sections describe the factors affecting DO concentration in the Deepwater Ship Channel and four
management options that were assessed. The final descriptive section summarizes recommendations
based on assessment of the field data and Stockton water quality model output.

FACTORS AFFECTING DISSOLVED OXYGEN CONCENTRATION

Saturation Concentration

An important reference point for any discussion of DO in aquatic ecosystems is the saturation
concentration. The saturation concentration represents the maximum amount of oxygen that can be
maintained in solution (i.e., dissolved) at a given temperature and atmospheric pressure. The
saturation concentration is primarily a function of water temperature: as temperature increases,
saturation concentration decreases. For example, at 9°C (48°F)—the monthly average water
temperature of the San Joaquin River near Stockton during January—the saturation concentration
is 12 mg/l, whereas at 25°C (77°F)—the average water temperature for August—the saturation

De Cuir & Somach and City of Stockton Executive Summary
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concentration declines to 8.4 mg/l. This temperature dependence is one of the reasons that DO
concentrations generally are lowest during summer and early fall.

Processes Supplying and Removing Oxygen

The amount of oxygen dissolved in water at any given time represents a balance between
processes that supply oxygen to the water and those that remove it from the water.

The two main processes supplying oxygen to the Deepwater Ship Channe] are reaeration and
photosynthesis. Reaeration is a physical process that transfers oxygen from the atmosphere to the
water column whenever DO concentration in the water is less than the saturation concentration.
Photosynthesis is a light-dependent, biological process performed by algae (microscopic plants)
suspended in the water.

Two major processes that remove oxygen involve decomposition of dissolved and particulate
organic matter (i.e., biochemical oxygen demand [BODY]) and nitrification (oxidation) of dissolved
ammonia. These decomposition and oxidation processes occur within the water column and at the
sediment-water interface (i.e., sediment oxygen demand [SOD]) and are performed by a number of
highly specialized bacteria having metabolic rates that are a function of water temperature: as
temperature increases, metabolic rates increase. These processes are illustrated in Figure ES-1. It
is not possible to identify the relative importance of these processes with field measurements alone;
a water quality model is needed to determine the cumulative contribution of these processes to the
overall DO balance.

Conditions Affecting Oxygen Supply and Removal
in the Stockton Deepwater Ship Channel

The natural reaeration rate (the amount of oxygen that is transferred from the atmosphere to
the water per unit time) in the Deepwater Ship Channel is slow because the channel is deep (mean
depth is 22 feet) and has relatively slow tidal velocities. Also, the great depth, high turbidity, and
steep side slopes of the Ship Channel combine to make it a poor place for aquatic plant production.
Only a narrow band of water near the surface receives enough light to support suspended algal
photosynthesis.

By contrast, between Mossdale and Vernalis and farther upstream, conditions for riverine
algal production are generally good. Channel depth averages less than 3 feet, nutrients are generally
available in surplus, and the travel time of the water is long enough for extremely high levels of algal
biomass to develop by the time the water reaches Vernalis or Mossdale.

De Cuir & Somach and City of Stockton Executive Summary
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Figure ES-1. Factors Affecting Dissolved Oxygen Concentrations in the San Joaquin River

During periods of high algal production upstream, DO concentration at Mossdale (as
recorded by continuous monitoring devices maintained by DWR) is frequently supersaturated
because algal photosynthesis supplies oxygen to the water faster than it can be transferred across the
air-water interface back into the atmosphere. This condition is only temporary, however. Routine
monitoring at various locations downstream of Mossdale indicate that DO concentrations decline
as the water flows toward the Deepwater Ship Channel. In fact, periods of supersaturation at
Mossdale have been accompanied within a few days or weeks by extremely low levels of DO near
Stockton (Figure ES-2).

The apparent linkage between high algal abundance at Mossdale and low DO concentrations
near Stockton has long been appreciated (McCarty 1969). Algae that are adapted to shallow riverine
conditions (i.e., conditions in which algae are continually circulating and have adequate light for
photosynthesis) are transported into the Deepwater Ship Channel, where circulation is comparatively
weak and light is virtually absent throughout most of the water column and on the riverbed. Under
these conditions, most of the algae (more than 80% of chlorophyll) swept into the Ship Channel from
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upstream settle out of the euphotic (i.e., lighted) zone and begin to decompose and consume DO
from the water column (BOD) or on the channel bottom (SOD).

Oxidation of organic matter (BOD) and nitrification of dissolved ammonia discharged from
the City’s oxidation ponds also affect DO in the Deepwater Ship Channel. It is not known precisely
how much of the actual DO consumption in the Ship Channel results from decomposition of
incoming algal biomass and how much results from oxidation of effluent organic matter and
ammonia. However, the extremely high levels of algal productivity characterizing the San Joaquin
River upstream of Mossdale during the warm months play an important role in affecting DO
concentrations downstream.

------- Mossdale
Stockton

Source: Department of Water Resources

Dissolved Oxygen (mg/L)

0 [ B SRS B Y WOV ST NS S DU U0 SV DU TS S T A S0 S T Z ST SN SN S SUCENS S SO0 SO U 0% SR S S NS SH S SN N SO W
Jan Mar May Jul Sep Nov
1991

Figure ES-2. Minimum and Maximum Dissolved Oxygen Concentrations in the
San Joaquin River at Mossdale and in the Stockton Deepwater Ship Channel

MANAGEMENT OPTIONS FOR CONTROLLING
DISSOLVED OXYGEN CONCENTRATION

Strategies for improving (i.e., increasing) DO concentration in the Deepwater Ship Channel
must center around practical ways to enhance processes that supply oxygen to the water or to slow
down processes that consume oxygen. The Stockton water quality model was developed specifically
to accurately evaluate these processes and their net effect on DO concentration. The Stockton water

De Cuir & Somach and City of Stockton Executive Summary
Potential Solutions for Achieving the San Joaquin
River Dissolved Oxygen Objectives ES-4 June 1998

D—041898

D-041898



quality model thus provides a useful tool for evaluating and comparing the effectiveness of various
management options.

This report describes results from the Stockton water quality model and use of those results
to evaluate four strategies for improving DO conditions in the Deepwater Ship Channel: (1)
controlling net flow at Stockton by installing an operable flow barrier (gate) at the head of Old River;
(2) enhancing oxygen supply by installing artificial aeration devices in the Deepwater Ship Channel;
(3) reducing SOD by reducing the influx of algal biomass from Mossdale; and (4) reducing oxygen
demand from the City’s regional wastewater control facility (RWCF) discharge. Each evaluation
includes a summary description of the strategy and a discussion of how it could be implemented,
what difficulties might be encountered, and how effective it would be in improving DO conditions
in the Deepwater Ship Channel. Results of these evaluations are summarized below.

Comparisons of simulated and measured DO concentrations indicate that the Stockton water
quality model accurately simulates many of the observed DO concentration patterns and is adequate
for comparative investigations of management alternatives to improve DO concentrations and satisfy
the regulatory DO criteria applicable in the San Joaquin River between Stockton and Turner Cut.

Control Flow at Stockton with an Operable Barrier at the Head of Old River

The Old River channel splits off from the San Joaquin River upstream of Stockton near
Mossdale. Because a large fraction of the San Joaquin River flow measured at Vernalis is conveyed
down the Old River channel, net flow near Stockton is much less than at Vernalis. Installing an
operable barrier at the head of Old River would cause most of the flow at Vernalis to bypass the Old
River channel diversion and continue past Stockton.

Increasing net flow through the Deepwater Ship Channel would increase the assimilative
capacity of the San Joaquin River and would reduce travel time and associated effects of SOD and
settling of organic particulates (i.e., river load). The Stockton water quality model results suggest
that increasing net flow at Stockton would provide improvement in DO concentrations near Stockton
throughout the year. Simulations comparing the DO concentrations at a net flow of 0 cubic feet per
second (cfs) with the DO concentrations at a net flow of 1,000 cfs (assuming 1996 RWCEF discharge
loads) indicated that substantial DO increases could be expected during most months at the higher
flow. Figure ES-3 shows the monthly average simulated DO concentrations at Station 3 (east end
of Rough and Ready Island) and Station 5 (west end of Rough and Ready Island) with constant flows
of 0 cfs and 1,000 cfs. Simulated DO concentrations were generally above the 5-mg/1 objective
when net flow at Stockton was 1,000 cfs. At 1,000 cfs, the 6-mg/1 standard for the fall months was
attained during October and November and most of September. The simulations indicate that
managing flow at the head of Old River would provide a practical and effective method for
controlling DO concentrations in the Deepwater Ship Channel. Figure ES-4 shows the average
simulated DO concentrations for September with net flows of 0 cfs and 1,000 cfs. Both simulations
assume 1996 RWCF discharge loads. Increasing the flow produces substantial changes in the
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Figure ES-3. Average Simulated San Joaquin River Dissoived Oxygen
Concentrations at Stations 3 and 5 Assuming 1996 RWCF Loads
with Net Flows of 0 cfs and 1,000 cfs

average simulated DO concentrations between Station 1 (upstream of the RWCF discharge) and
Station 5.

This strategy would be less effective, however, if the increased flow brought with it high
amounts of algal biomass produced upstream of Mossdale. Thus, under some circumstances, leaving
the operable gate open and allowing much of the organic load to proceed down the Old River
channel might produce better DO conditions in the Deepwater Ship Channel. This observation
points out the potential benefits of real-time barrier operations.

Install Aeration Device in the Stockton Deepwater Ship Channel

Natural reaeration in the Deepwater Ship Channel is a relatively slow process that depends
on the DO deficit of the water (i.e., saturation concentration minus actual DO concentration), the
depth of the channel, flow velocity, and wind speed. The average depth of the Deepwater Ship
Channel is over 20 feet and, although the tidal flows average 2,000 cfs, the average velocity is only
about 0.1 foot per second. Natural reaeration increases with the DO deficit. At a given DO deficit,
reaeration decreases with channel depth and increases with flow velocity and wind speed. Adding
oxygen to the water with aeration devices is one option for increasing DO concentration in the
Deepwater Ship Channel during periods when the DO deficit is high. This is a strategy that has been
employed in other parts of the country.
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Figure ES-4. Average Simulated San Joaquin River Dissolved Oxygen
Concentrations in September Assuming 1996 RWCF Loads
with Net Flows of 0 cfs and 1,000 cfs

Increased reaeration can be achieved using in-stream bubble jet/diffuser systems or side-
stream waterfall systems. The U.S. Army Corps of Engineers (Corps) has operated a bubble jet
system in the Deepwater Ship Channel since fall 1993. The device is designed to deliver 2,000
pounds per day of oxygen to compensate for a 0.2-mg/] reduction in DO estimated to have resulted
from a channel deepening project completed by the Corps. No field studies, however, have been
completed to determine the actual performance of the aeration system in the Deepwater Ship
Channel.

A side-stream aeration system would involve pumping water low in DO from the Ship
Channel and routing it through a series of waterfalls back to the Ship Channel. Such systems can
be designed to resemble natural streams and thus become the central feature of parklike settings for
recreational activities (i.e., Chicago). The average DO deficit reduction is proportional to the
fraction of the flow aerated to saturation; to increase the Deepwater Ship Channel DO concentration
from 5 mg/l to 6 mg/l in September (reducing the deficit by 25% from 4 mg/1 to 3 mg/l) with a flow
of 1,000 cfs would require pumping 25% (250 cfs) of the channel flow through the aerator system.

The Stockton water quality model results suggest that artificial aeration could be a viable
method of meeting the DO objectives for the Deepwater Ship Channel. According to the model,
adding 4,500 pounds per day of oxygen to the Ship Channel at Station 3 would result in a 0.5-mg/1
increase in DO at a net flow of 1,000 cfs. This improvement would be sufficient to achieve the 5-
mg/] objective in August and the 6-mg/l objective during most of September at all the stations.
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Figure ES-5 shows the average simulated DO concentrations for September at a net flow of 1,000 cfs
with 4,500 pounds per day of aeration compared with simulated DO concentrations at 1,000 cfs but
without the aeration. Both simulations assume 1996 RWCF discharge loads. The City is presently
conducting more detailed studies of the feasibility and benefits associated with river aeration

facilities.
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Figure ES-5. Average Simulated San Joaquin River Dissolved Oxygen
Concentrations in September Assuming 1996 RWCF Loads and 1,000 cfs Flow
with and without 4,500-1b/day Aeration

Reduce Influx of Algal Biomass from Messdale

Exceptionally high levels of algal biomass prevail at Mossdale. Reducing algal biomass
levels during warm summer months would reduce the loading of organic material (i.e., volatile
suspended solids [VSS]) that produce BOD and SOD in the Deepwater Ship Channel, thereby
leading to higher DO concentrations. To reduce algal biomass at Mossdale would require reducing
nutrients in the San Joaquin River channel upstream of Mossdale.

Reducing nutrient concentrations in the river can be achieved by reducing these constituents
in the agricultural drainage discharges to the San Joaquin River (i.e., total maximum daily load
[TMDL] approach). Defining these load reduction goals should include establishing a monitoring
network that measures nitrogen and phosphorus concentrations. A monitoring network intended for
managing salt loads in the San Joaquin River is already in place and could be modified to include

nutrient monitoring.
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Once nutrient reduction goals were developed for the major nutrient sources, an effort to
ensure the use of agricultural best management practices (BMPs) for the protection of water quality
should be implemented in cooperation with landowners, the CVRWQCB, local watershed districts,
nongovernmental organizations, and other interested parties. This should be a long-term strategy
for improving general water quality and DO conditions in the Deepwater Ship Channel.

Another option for reducing the influx of algal biomass into the Deepwater Ship Channel
from Mossdale would involve manipulating channel hydraulics with an operable gate at the head of
Old River. One or more upstream stations presently equipped for continuous monitoring of
temperature and conductivity could be upgraded to include continuous measurement of in vivo
fluorescence as an estimate of chlorophyll concentration (algal biomass). When biomass is high, the
gate could be opened and the biomass load would be diverted toward the export pumps. When the
continuous monitors indicated that the levels of algal biomass at Mossdale were relatively low, the
gate could be closed to allow the water with lower algae levels into the Deepwater Ship Channel.
Such a real-time management system would need to be coordinated with other objectives designed
to manage water levels, salt concentration, and fish habitat quality.

Reduce Load from the City of Stockton
Regional Wastewater Control Facility

The ammonia and organic matter discharged from the City’s oxidation ponds stimulate
microbial processes that consume oxygen in the Deepwater Ship Channel. This DO demand could
be reduced if the RWCF discharge were eliminated or if the effluent’s ammonia concentration were
reduced. The most reliable method for ammonia removal would require adding expensive
nitrification systems to the RWCF.

The Stockton water quality model simulations indicate that even the complete elimination
of the RWCF discharge (i.e., simulated to show the maximum possible DO improvement) would not
result in achievement of the fall DO objective of 6 mg/l in September unless the river flow is
increased substantiaily. Figure ES-6 shows the average simulated DO concentrations for September
with a net flow of 1,000 cfs and with the RWCF effluent completely eliminated. The simulated
effects of eliminating the RWCF discharge on DO concentrations are greatest at low flows and
decrease as river flow increases. The total effect of the assumed 1996 RWCEF loads at a flow of
1,000 cfs is less than 1 mg/l in September. Figure ES-7 shows that the effects of eliminating RWCF
discharge loads with a net flow of 1,000 cfs are less than 1 mg/l in all months.

Increasing flows at Stockton through operation of a barrier at the head of Old River would
be more cost effective and feasible than attempting to eliminate the wastewater discharge. Using
aeration devices would likely be a more cost-effective way to increase DO concentration than using
ammonia-reduction facilities. Consequently, the most promising alternatives for achieving the 6-
mg/1 objective are managing flow, using reaeration d