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Sediment oxygen demand or SOD is due to the oxidation of organic matter in bot- 
tom sediments. These benthic deposits or "sludge beds" derive from several sources. 
Wastewater particulates. as well as other allochthonous particulates (leaf litter and 
eroded organic-rich soils), can result in sediments with high organic content. In addi- 
tion. in highly productive environments such as eutrophic lakes. estuaries, and rivers. 
photosynthetically produced plant matter can settle and accumulate on the bottom. 
Regardless of the source. oxidation of the accumulated organic matter will result in 
a sediment oxygen demand. 

As mentioned previously in Lec. 22, the first attempts to model SOD used a 
zero-order or constant source term. Such a characterization was deemed adequate 
when water-quality models were primarily used to assess the impact of treating 
raw sewage. However. as treatment becomes more refined and concern for nonpoint 
sources grows. such characterizations become increasingly inadequate. This is due 
to the fact that there is no satisfactory way to decide how the SOD changes following 
treatment. 

The two most common approaches were to ( I )  leave the SOD unchanged or (2) li 

assume linearity and lower SOD in direct proportion to the load reduction. Such ar- 
bitrary methods were usually justified under the assumption that a truly mechanistic 
understanding of the process was not necessary when making crude assessments of 
the etfects of primary and secondary treatment. Although this assumption is probably I 
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800 settling losses and SOD 
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matter deficit theory. 

questionable in itself. it becomes even more tenuous as models are used to evaluare 
advanced waste treatment. 

Such shortcomings arise because the zero-order approach treats SOD as a model 
input rather than as a calculated variable. This problem is illustrated in Fig. 25.1. 
Recall that in our earlier discussion of the Streeter-Phelps model. we included a pa- 
rameter, k,, to simulate that particulate sewage can be removed by settling. Later. 
we expanded the model to include the zero-order SOD to simulate the oxygen de- 
mand due to the deco.nposition of the settled sewage in the bottom sediments. As 
illustrated in Fig. 25.1, there is n missing piece that was left out of the process. That 
is. thc use of tl~c zero-order SOD ncylccrs rhc mcclln~ris~n wilereby rl~c scdi~ncr\r 
organic matter is converted into oxygen demand. 

The present lecture is designed to show how this missing link can be modeled. 
To do this. I will first review data in order to delineate the levels [hat occur in natural 
waters and the major factors that influence SOD. Then I will construct a simple 
"Streeter-Phelps" SOD model which, although it is unrealistic, provides a context for 
our subsequent discussions. Finally 1 describe a more recently developed framework 
for calculating SOD in a mechanistic fashion. 

25.1 OBSERVATIONS 

SOD is typically measured in three ways: two approaches based on modeling ob- . 
served oxygen levels and one based on direct measurement. In the first model-based 
approach. a DO model is developed for the water body and all rates except the SOD 
are determined. The SOD can then be estimated by adjusting the SOD rate until the , 

model predictions match the observed DO levels. Although this calibration method 
was widespread in the early years of modeling. it is flawed because it assumes that 
all other model parameters (reaeration, deoxygenation rates, etc.) are known with 
confidence. Because such is rarely the case, values obtained with this method are no 
better than order-of-magnitude estimates. 

The second model-based approach is expressly designed for stratified lakes. 
For such systems the deeper waters (or hypolimnion) can be idealized as a closed 
system, and an areal hypolimnetic oxygen demand can be determined as 


































