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Dissolved Oxygen: 
What is it, and why model it?

• The amount of free oxygen present in 
water

• Essential for survival of aquatic life
• Good general measure of water quality
• Oxygen-demanding substances 

commonly found in wastewaters
• Long regulatory history of dissolved 

oxygen modeling



Natural Processes Affecting DO

Photosynthesis

Decomposition

Respiration

Aeration

Circulation



Natural Processes Affecting DO

Temperature
Increase in temperature = less DO

Salinity
Increase in salinity = less DO



DO Criteria

Chapter 307, Texas Surface Water Quality Standards



Wastewater Impacts on DO

Oxygen-demanding constituents
• BOD5/CBOD5

• Ammonia Nitrogen



Dissolved Oxygen Models:
What are they really?

A collection of mathematical equations meant 
to describe interrelated chemical and physical 

processes contributing to DO in natural waters.

Or, more simply

A dissolved oxygen accounting program that 
considers major “deposits” and “withdrawals” of DO





D is the saturation deficit, (D = DOsat - DO)
k1 is the deoxygenation rate
k2 is the reaeration rate
La is the initial oxygen demand of organic 
matter in the water, also called the ultimate 
BOD (BOD at time t=infinity). 
Da is the initial oxygen 
t is the elapsed time

‘Simple’ Model Equation
(Streeter-Phelps)



Common Models

Creeks and rivers Ponds and Lakes Diffusers

• QUAL-TX

• QUAL2K

• CSTR

• WASP

• CORMIX



Limitations

• Nature is complex.

• Results sensitive to 
assumptions

• No one model is appropriate 
for all situations.

• Requires special training to 
maintain consistency

StrengthsVS



Limitations

• Nature is complex.

• Results sensitive to 
assumptions

• No one model is appropriate 
for all situations.

• Requires special training to 
maintain consistency

• Results are repeatable and 
consistent with scientific 
principles.

• Can evaluate environmental 
conditions quickly

• Can run protective scenarios 
without collecting large 
amounts of site-specific data

StrengthsVS



Example DO Modeling Analysis

Information from the applicant

Flow in MGD: 
1.0 MGD domestic discharge for City of Friendly, TX

Discharge Route: 
Discharge proposed into an unnamed tributary thence into 
the San Antonio River

Proposed Limits:
20 mg/L BOD5, __ mg/L NH3, 2.0 mg/L DO 



Example DO Modeling Analysis



Key information

• Receiving water DO criteria
o Unnamed tributary: Limited ALU, 3 mg/L 
o San Antonio River: High ALU, 5 mg/L

• Base flow
o 0.0 cubic feet per second (cfs) for unnamed tributary
o 1.2 cfs for San Antonio River

• Other dischargers to consider
o None

• Site-specific values
o None provided by applicant; use default hydraulics



Model Results

Treatment Level (mg/L)
(BOD5/Ammonia-N/DO)

DO Criteria (mg/L)
(Unnamed tributary/San Antonio River)

Minimum Predicted DO (mg/L)
(Unnamed tributary/San Antonio River)

20/12/2 3 / 5 1.67 / 5.95

20/12/6 3 / 5 1.70 / 5.95

10/12/6 3 / 5 1.80 / 5.95

10/3/4 3 / 5 3.03 / 5.98



Prohibited Discharges

• 303(d)-listed segment for depressed 
dissolved oxygen 

• Discharge into the Edwards Aquifer 
Recharge Zone (30 TAC 213)

• No effluent limits satisfy the model at 
the proposed flow volume and/or 
location



Conclusions

• Dissolved oxygen is a good general 
indicator of water quality. 

• Oxygen-demanding constituents are 
commonly found in wastewaters.

• Wastewaters can negatively impact 
aquatic life.

• DO modeling determines what permit 
effluent limits are required to meet the 
DO criteria of a waterbody.



Modeling Staff

• Jim Michalk
• Xing Lu
• Orlando Vasquez
• Mara Guerin
• Claire Dittelmier
• Ken Layton
• Abiodun Adegboye
• Alan Sanmiguel
• Milton Torres Ceron

Questions?
claire.dittelmier@tceq.texas.gov
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