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Sources of Oxygen Demand 

Executive Summary 

Lehman 

INTRODUCTION 
This report describes the results of research conducted to determine the sources 
and causes of oxygen demand in the San Joaquin River Deep Water Channel 
(DWC) downstream of Stockton during the summer and fall of 2001. The 
research was funded by a CALFED Directed Action grant and was a continuation 
of CALFED Category Ill funding in 2000. The information from this research is 
needed by CALFED, the public, government agencies, and San Joaquin River 
stakeholders to determine the cause of oxygen depletion to below the US EPA 
water quality criteria of 5 mg/L in the river and develop management plans to 
eliminate the problem. 

The research was designed to address the following questions: 
What was the spatial and temporal variation of dissolved oxygen 
and associated water quality variables in the DWC during 2001? 
What was the contribution of plankton production rate compared 
with other local and upstream sources to oxygen demand in the 
DWC? 
What mechanisms influenced oxygen demand in the DWC? 

WATER QUALITY 
Dissolved oxygen concentration frequently decreased to 3 mg/L and was 
commonly below the U. S. EPA water quality criteria of 5 mg/L throughout the 
summer and fall of 2001 in the DWC near Rough and Ready Island. Dissolved 
oxygen concentration was also frequently below the 6 mg/L standard for 
September through November set by the State of California Regional Water 
Quality Control Board Basin Protection Plan to protect fall run Chinook salmon. 
Dissolved oxygen concentration was lowest near the bottom and not usually 
associated with water temperature or salinity stratification. Dissolved oxygen 
concentration was relatively lower in the dry year 2001 than the wet year 2000 
and demonstrated the high intraannual variability of this water quality problem 
that is produced by both die1 and seasonal variation. 

Oxygen demand in the DWC was strongly influenced by the net plankton 
production rate. Net plankton production rate measured the net growth of algae 
and bacteria and was sufficient to remove an average of 0.26 mg/L oxygen per 
day in the water column in the DWC between Turner Cut and Navigation Light 48 
throughout the summer and fall. Most of this oxygen loss was caused by 
respiration of nitrifying bacteria. The loss of oxygen through plankton respiration 
was reduced by the production of oxygen by algal photosynthesis that often 
caused a small net gain of oxygen in the water column over the course of the 
day. The growth of algae and the resulting oxygen production was limited by high 
turbidity and a shallow mixing zone that restricted algal growth to the top 2 m of 
the water column where only 20% of the surface irradiance was available for 
photosynthesis. Algal growth in the photic zone increased the new algal biomass 
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in the DWC by an average of 96 kg chlorophyll a /day. This was less than the 
average net chlorophyll a load at CP of 43 kgld. 

Nitrogenous biochemical oxygen demand (NBOD) was the primary cause of 
oxygen depletion in the DWC and produced from 50% to 80% of the total oxygen 
demand in the DWC. NBOD was strongly correlated with dissolved ammonia 
concentration (r = 0.78; 103 d.f.) that averaged 0.4 mg/L and reached as high as 
1 mglL. Dissolved ammonia concentration also accounted for 60% of the 
variation in biochemical oxygen demand (BOD) in stepwise multiple regression 
models. This was twice as much as the variation accounted for by carbonaceous 
BOD. 

The Stockton Regional Water Treatment Control Facility (RWCF) discharge and 
upstream organic nitrogen load were two major sources of the dissolved 
ammonia in the DWC. Dissolved ammonia concentration was produced directly 
through dissolved ammonia load and indirectly through the oxidation of organic 
nitrogen. The strong correlation between the dissolved ammonia load from the 
RWCF and ammonia concentration and NBOD in the DWC compared with weak 
correlation for the organic nitrogen from upstream suggested the RWCF was a 
significant contributor to dissolved ammonia concentration in the DWC. Further 
evaluation of the source loads using a mass balance model indicated that the 
dissolved ammonia discharge from the RWCF could contribute a significant 
percentage of the dissolved ammonia in the DWC for residence times up to 25 
days. This was true even though the total nitrogenous load from upstream was 
much higher than from the RWCF because the decay rate of the large upstream 
organic nitrogen load to dissolved ammonia was slow and most of the organic 
nitrogen was already highly decomposed. The relative contribution of the RWCF 
and upstream nonpoint load was a function of the total load, load composition, 
ammonification rate and residence time. Therefore either source could drive the 
oxygen demand on any given day. 

ENVIRONMENTAL FACTORS 

The magnitude of the oxygen demand in the DWC was influenced by many 
environmental factors. Light limitation in the DWC strongly reduced the influence 
of algal production rate on oxygen availability. High suspended sediment 
concentration restricted light penetration to the upper 2 m where only about 20% 
of the surface irradiance is available for photosynthesis. These low light levels 
reduced the photosynthetic potential of algae and restricted oxygenation from 
photosynthesis that attain maximum rates of photosynthesis near 50% of surface 
irradiance. Unlike many aquatic environments, algal growth was not limited by 
macronutrients such as dissolved inorganic nitrogen, orthophosphate and silicate 
that were an order of magnitude higher than limiting levels. 

Net tidal transport was another major environmental factor that affected oxygen 
demand in the DWC. The retention time of the upstream organic and inorganic 
load into the DWC was often long because of rapid settling rate, slow 
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downstream transport and slow net transport rate nearer the bottom than 
surface. High retention rate of both particulate and dissolved substances allowed 
oxidation of these substances in the DWC and the associated oxygen demand. 

The oxygen demand potential of the upstream load was an important component 
of the oxygen demand in the DWC. A decrease in carbon to nitrogen molar 
ratios, increase in phaeophytin concentration, decrease in chlorophyll a 
concentration and change in algal species composition between upstream and 
downstream stations suggested the composition of the organic load between 
Mossdale and the DWC was often transformed to more oxidized material with 
less oxygen demand as it moved downstream. The magnitude and seasonal 
variability of this oxidation in relation to environmental factors is still unknown. 
Potential contributing factors include high respiration rate, settling, and 
zooplankton or benthic herbivory, turbidity, water temperature, salinity and algal 
species composition. 

RECOMMENDATIONS 

Additional research is needed to quantify the relative contribution of the dissolved 
ammonia discharge from the RWCF and other local and upstream loads of 
carbonaceous and nitrogenous substances to oxygen demand in the DWC. This 
will require additional measurements of the ammonification rate of the various 
organic nitrogen sources that enter the DWC and nitrification rates of ammonia in 
the DWC. Further information is also needed on the variation of ammonification 
and nitrification rate of these loads with ambient environmental conditions 
including water temperature, salinity and light. These oxidation processes need 
to be evaluated on a real-time basis and will require more intensive field 
measurements of the daily magnitude and composition of the upstream load. It 
may also require real-time testing of the influence of different oxygen demanding 
loads on dissolved oxygen concentration in the DWC through controlled field 
experiments that remove the load from selected sources for extended periods of 
time. 

Quantification of the relative contribution of RWCF and upstream load will require 
accurate information on the net downstream transport of oxygen demanding 
material from upstream of the DWC. A primary goal should be to obtain accurate 
information on the downstream transport of oxygen demanding material between 
Mossdale and the DWC and the oxygen demand potential of this material 
compared with local sources. Local sources include the RWCF and Turning 
Basin. Accurate information is also needed on how much of the oxygen 
demanding material at Mossdale is transferred from sources farther upstream. 

More information is needed to quantifying the potential contribution of in situ algal 
photosynthesis to oxygen availability in the DWC. This will require additional 
information on the relative contribution of algal and bacterial respiration to the net 
plankton production rate of oxygen and how this varies with environmental 
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conditions such as day length, water temperature, turbidity, photic zone depth 
and vertical mixing. This information is vital to development of successful 
management alternatives that will not inhibit the positive contribution of algal 
growth rate processes to oxygen concentration in the DWC. 

Dissolved oxygen concentration demonstrated high variability on diel, seasonal 
and interannual time scales. Understanding this variability in relation to causal 
factors including residence time, water temperature, turbidity, algal growth rate, 
algal species composition, load composition and tidal transport will be important 
to an evaluation the existing conceptual model and efficacy of management 
alternatives and management models. Additional continuous monitoring stations 
and more thorough analysis of existing continuous monitoring data are needed to 
fully characterize the dissolved oxygen problem and evaluate controlling 
mechanisms. 

Three years of specialized data and a 30-year record of water quality monitoring 
data in the San Joaquin River provide a wealth of information from which to 
examine mechanisms and management alternatives. The accelerated schedule 
of the 1999 to 2001 research program provided little time to examine the new 
data in relation to historical data or to fully integrate the new data from the 
various research projects. More resources should be allocated to further 
analysis of the existing data before collection of new data begins. 
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I. Introduction 

OVERVIEW 

Dissolved oxygen concentration below 5 mg/L has occurred in the 10-mile reach 
of the San Joaquin River Deep Water Channel (DWC) below the city of Stockton 
from 20 to 60 percent of the time over the past 30 years during the summer and 
fall (Lehman and Ralston 2000). Because dissolved oxygen concentration below 
5 mg/L violated the U. S. EPA national water quality criteria for ecosystem health, 
the DWC was placed on the Clean Water Act 303d list of impaired water bodies. 
In addition, research by the Department of Fish and Game in 1970 (Hallock et al. 
1970) suggested dissolved oxygen concentration less than 6 mg/L may 
adversely impact upstream migration of fall run Chinook salmon, and 
endangered species. As a result, the California Central Valley Regional Water 
Quality Control Board set an additional dissolved oxygen standard of 6 mg/L 
between September and November for the protection of Chinook salmon. 

In 1998, representatives of the environmental community served the U.S. EPA 
with an intent to sue because the dissolved oxygen condition in the DWC had not 
been eliminated despite the 303d listing. The U. S. EPA then set December 
2002 as the deadline for completion of an allocation of responsibility or TMDL 
(total maximum daily load) and implementation plan by the California Central 
Valley Regional Water Quality Control Board. As a part of this process, San 
Joaquin River stakeholders decided it was in their best interest to develop the 
allocation of responsibility and implementation plan and established the San 
Joaquin River TMDL steering and technical committees. 

The technical committee with direction from the steering committee identified 
missing information needed to determine the cause and sources of oxygen 
depletion in the DWC and assist development of management models and 
solution alternatives. These needs lead to locally funded research in 1999 and 
CALFED Bay-Delta Ecosystem Restoration Program funded research in 2000 
and 2001. 

This report summarizes research conducted in 2001 by the California 
Department of Water Resources to determine the sources of oxygen demand in 
the DWC between July and October 2001 and was an extension of similar 
research done in 1999 and 2000. 

The research was designed to address the following questions: 
What was the spatial and temporal variation of dissolved oxygen 
and associated water quality variables in the DWC during 2001? 
What was the contribution of plankton production rate compared 
with other sources to oxygen demand in the DWC? 
What mechanisms influence oxygen demand in the DWC? 






















































































































































































































