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Purpose: To investigate observe the effects of sewage discharges on a stream.  

 

 
Summary: Students will be introduced to Stream Zones. 
 Students will be introduced to the DO Dag curve. 
 Students will be introduced to the Streeter – Phelps Equation, and how it is 

utilized in the process discharge permitting to assess the impact of a waste 
water discharge on the dissolved oxygen levels of the receiving stream. 

 Using data provided students will, using the DO Sag Program determine the DO 
level at the critical point, and is distance downstream from the discharge point. 

 They will use the results to determine if the discharge meets DEP Water Quality 
Standards. 

 
Materials: DO Sag Program Excel 
 DO Sag Program web based 
  
Documents: Stream Side Science User’s Manual 
 Oxygen sag Curve Computations  
 
Presentation: The effects of Sewage discharges on the DO Sag of a stream   

         
 

The Effects of Sewage Discharge 
on the 

DO Levels of a Stream 
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            Oxygen Sag Curve   
 
 By far the most important characteristic determining the quality of a river or stream is its dissolved oxygen, DO 
 (measured in mg/L). 

 While saturation is rarely achieved, a stream can nonetheless be considered healthy as long as its 
 dissolved oxygen DO exceed 5 mg/L. 

 Below 5 mg/L, most fish, especially the more desirable species such as trout, do not survive. 

 The discharge of a sewage effluent in a stream produces a biochemical oxygen demand. This oxygen 
 demand causes an oxygen deficit, or oxygen shortage. The greater the oxygen deficit, the greater the 
 rate of natural oxygen replenishment from the atmosphere into the stream. 

 Two concurrent processes of oxygen consumption and oxygen replenishment produce an oxygen sag 
 curve. 

 

 
 An oxygen sag curve graphically represents the changes in dissolved oxygen levels in a body of water, 
 typically a river or stream, following the addition of organic pollutants.  
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 An oxygen sag curve is a graph that shows how the concentration of dissolved oxygen in a body of water 
 changes over distance from a point of pollution. The curve is created by plotting the concentration of dissolved 
 oxygen against the distance downstream from a sewage outlet or other pollutant source.  
 
 The curve shows a sag, or drop, in dissolved oxygen levels due to the increased demand for oxygen by 
 microorganisms that consume oxygen as they decompose organic pollutants. The curve then recovers 
 downstream as the rate of oxygen replenishment increases.  
 
 The oxygen sag curve shows different zones as the water flows from the pollution source, including:  
 

•  Clean zone: The dissolved oxygen level is high 
•  Decomposition zone: The dissolved oxygen level drops 
•  Septic zone: The dissolved oxygen level drops 
•  Recovery zone: The dissolved oxygen level recovers 
•  Final clean zone: The dissolved oxygen level returns to high 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Oxygen Sag Curve 
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 Streeter–Phelps equation 
 
  The Streeter–Phelps equation derived by H. W. Streeter, a sanitary engineer, and Erle B. Phelps a  
 consultant for the U.S. Public Health Service, in 1925, based on field data from the Ohio River. 
 The Streeter – Phelps equation is used in the study of water pollution and as a water quality monitoring tool. The 
 Streeter-Phelps equation is used to set discharge limits for sewage by calculating the potential "oxygen sag" in a 
 river  downstream from a discharge point, allowing regulators to determine the maximum amount of biochemical 
 oxygen demand (BOD) that can be released without causing critically low dissolved oxygen 

  levels, which are harmful to aquatic life; essentially, it helps set limits to ensure the river  can adequately 
 reoxygenate after receiving the sewage effluent.  

 Modeling the Oxygen Sag Curve: 

 The equation mathematically describes the decline in dissolved oxygen concentration (due to organic 
 matter decomposition) followed by a recovery as the water reoxygenates  downstream from a pollution 
 source, creating a "sag curve.".  

 The equation takes into account factors like the initial dissolved oxygen concentration, the rate of 
 deoxygenation (related to BOD), the rate of reaeration (dependent on water velocity and  turbulence), 
 water temperature, and stream characteristics.  

 By analyzing the calculated sag curve, regulators can identify the "critical point" where the 
 dissolved oxygen concentration reaches its lowest level, allowing them to set discharge limits that 
 prevent this level from falling below a predetermined standard for aquatic life protection.  

 How it works: 

 Environmental data like stream flow, temperature, BOD concentration of the sewage effluent, and the 
 deoxygenation and reaeration rates are inputted into the Streeter-Phelps  equation.  

 The equation calculates the dissolved oxygen concentration at different distances downstream from the 
 discharge point, creating the oxygen sag curve.  

 By comparing the calculated oxygen levels to water quality standards, regulators can set 
 discharge limits for the sewage treatment plant to ensure the dissolved oxygen in the river remains 
 within acceptable levels.  

 A dissolved oxygen level of 4 mg/L is generally recommended.  

 When the level drops below 2.0 mg/L, some aquatic animals may become distressed or  die from 
 suffocation. The Streeter Phelps equation calculates the dissolved oxygen concentration at different 
 distances downstream from the discharge point, creating the oxygen sag curve.  

 By comparing the calculated oxygen levels to water quality standards, regulators can set 
 discharge limits for the sewage treatment plant to ensure the dissolved oxygen in the river remains within 
 acceptable levels.  

 "BOD reduction rate constant" the constant "k" 

 The Streeter Phelps equation also calculates  "BOD reduction rate constant" the constant "k", that 
 represents the rate at which Biochemical Oxygen Demand (BOD)decreases over time in a water body, 
 essentially indicating how quickly organic matter is being decomposed by microorganisms and  
 consuming oxygen in the process; it is typically expressed as a value per unit time (e.g., per day) and is 
 used in calculations to predict the oxygen depletion in a water system based on its initial BOD level. 
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 The BOD rate constant is high for the raw sewage (K = 0.35 -0.7 per day) and low for the treated sewage  
  

 (K = 0.12 - 0.23 per day),  

  

 To calculate BOD (Biochemical Oxygen Demand) using the decay constant, you use the formula: 

  BOD(t) = L * (1 - e^(-k * t)) where:  

 BOD(t): is the BOD at a specific time "t". 

 L: is the initial BOD  

 k: is the BOD decay constant  

 t: is the time elapsed. 

 BOD(t) = L0 * e^(-k * t) 

 BOD(5 days) = 60 mg/L * e^(- 0.62 * 5 days)  

 BOD(5 days) = 60 mg/L   e^ 3.4 

 BOD(5 days) = 60 mg/L   e^ 3.4 * 5 - 17 

 BOD(5 days) = 60 mg/L   = 60 – 17 = 43 

 BOD(5 days) = 43 mg/l 

 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 



60 
 

 
 
 
 
 
 
 
 
 
 Activity   Oxygen Sag Curve  
 
 Directions 
 

1. Enter the data from the table into an Excel spread sheet. 
2. Plot the DO and BOD levels versus the distance downstream of a point source of pollution.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

  

Distance 
from 
Point 

source 
(miles) 

 
DO 

 
BOD 

0 8.6 2 
1 4.0 36 
2 2.0 18 
3 2.0 9 
4 3.0 4.5 
5 4.0 3.0 
6 5.0 2.0 
7 6.0 2.0 
8 7.0 2.0 
9 8.0 2.0 
10 8.0 2.0 
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 DO Sag Calculations  
 
 INSTRUCTIONS 
 
 Using the data for DO Sag Curve of untreated wastewater, primary treated wastewater and secondary treated 
 wastewater of your choice. inset the data into the Yellow Input Data Cells of the Spread sheet Oxygen – Sag Curve 
 Computations.  

 https://people.wou.edu/~taylors/es476_hydro/DOSAG.xls 
  

  OXYGEN-SAG CURVE 
COMPUTATIONS 

DOSag.xl
s 

S.L.Dingma
n 

Physical Hydrology , 2nd Ed. 

  Streeter-Phelps Relations; see Box 10-6. 
      

  Input Data  Computed Values   
         

Stream Discharge, qu 
= 

 m^3/s BOD, Bu =  mg/L  

 Width, B 
= 

m DO = mg/L  

 Depth, Y 
= 

m Tu = C  

 Velocity, U 
= 

#DIV/0! m/s     

STP Discharge, qw 
= 

 m^3/s BOD, Bw =  mg/L  

  Tw = C DO = mg/L  
Parameters B (0) = #DIV/0

! 
#DIV/0
! 
#DIV/0! 

mg/L T (0) = #DIV/0
! 
#DIV/0
! 
#DIV/0! 

C  
  k 1 = 1/day k 2 = 1/day  
  k 1 = 1/s k 2 = 1/s  

 
 A table similar to this one will appear. 

 Highlight the three columns 

 In Charts select Scatter Smooth Lines Top Row Third Chart The 

 DO Sag curve will appear 

 Right Click on chart 

 Under chart elements select and label the following Axis 

 Axis titles Chart Title 

 Gride Lines 

 Najor Horizontal Major 

 Vertical Minor Horizontal 

 Minor Vertical  

 

m mg/L mg/L 
0 8.60 9.53 
1000 6.61 9.53 
2000 5.58 9.53 
3000 5.14 9.53 
4000 5.06 9.53 
5000 5.18 9.53 
6000 5.41 9.53 
7000 5.71 9.53 
8000 6.02 9.53 
9000 6.33 9.53 
10000 6.63 9.53 
11000 6.92 9.53 
12000 7.18 9.53 
13000 7.42 9.53 
14000 7.64 9.53 
15000 7.83 9.53 
16000 8.01 9.53 
17000 8.17 9.53 
18000 8.31 9.53 
19000 8.44 9.53 
20000 8.56 9.53 
25000 8.97 9.53 
30000 9.21 9.53 
35000 9.35 9.53 
40000 9.43 9.53 
42000 9.45 9.53 
44000 9.46 9.53 
46000 9.48 9.53 
48000 9.49 9.53 
50000 9.49 9.53 
60000 9.52 9.53 
70000 9.52 9.53 
80000 9.53 9.53 

   
   

 

https://people.wou.edu/%7Etaylors/es476_hydro/DOSAG.xls
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 Problems 

1. The Streeter-Phelps Equation Un Treated Effluent BOD 180 mg/l 

25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream.  

The flow rate of the stream is 250 cubic feet per second (cfs) ( 3.5m3/s).  

The velocity of the stream is approximately 3 miles per hour.  (0.02 m/s).  

The temperature of the sewage is 21 °C. 

 The Temperature of the Stream is 15o C.  

 The Wastewater temperature is 20 °C   

The BOD5 of the wastewater  is 180 mg/l.  

The BOD of the stream is 1 mg/l, The DO of the sewage is 0 mg/l The DO of the stream is 9.2 mg/l. 

2. The Streeter-Phelps Equation Primary Treated Effluent BOD 60 mg/l 

25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream. 

 The flow rate of the stream is 250 cubic feet per second (cfs) ( 3.5m3/s). 

 The velocity of the stream is approximately 3 miles per hour.  (0.02 m/s). 

 The temperature of the sewage is 21 °C.  

The Temperature of the Stream is 15o C.   

The Wastewater temperature is 20 °C   

The BOD5 of the wastewater  is 60 mg/l.  

The BOD of the stream is 1 mg/l,  

The DO of the sewage is 0 mg/l The DO of the stream is 9.2 mg/l. 
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3. 25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream.  

The flow rate of the stream is 250 cubic feet per second (cfs) (3.5m3/s).  

The velocity of the stream is approximately 3 miles per hour.  (0.02 m/s).  

The temperature of the sewage is 21 °C.  

The Temperature of the Stream is 15o C.  

 The Wastewater temperature is 20 °C   

The BOD5 of the wastewater  is 25 mg/l.  

The BOD of the stream is 1 mg/l,  

The DO of the sewage is 0 mg/l  

The DO of the stream is 9.2 mg/l. 
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 Questions: 
 
 1. What is the dissolve Oxygen at the critical point for each of the scenarios? 
      At what downstream distances does it occur. 
 
  
  BOD 180 mg/l     
  BOD 60 mg/l     
  BOD 25 mg/l       
 
 2. Using the data from the Sag Curve for Thompson Run discharge of 60 mg/l BOD 
 complete the following table. 
 
  

Distance from Point Source m Distance mi DO mg/l 
0 0  
1000  0.6  
3000 1  
5000 2  
7000 4  
9000 5  
10000 6  
13000 8  
15000 9  
19000 12  
42000 26  

 
  
 
 3.  Determine the BOD at the following distances downstream from the Point source Discharge  
 with a BOD of 60 mg/l BOD. Use a k value of 0.62/day.  
  

Distance from Point Source m Time Days BOD mg/l 
0 0  
1000  0.6  
3000 1  
5000 2  
7000 4  
9000 5  
10000 6  
13000 8  
15000 9  
19000 12  



65 
 

42000 26  
  

  

 

 

 

 

 

  

 

Answers 

 Oxygen Sag Curve 

 Directions 

1. Enter the data from the table into an Excel spread sheet. 

2. Plot the DO and BOD levels versus the distance downstream of a point source of pollution.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distance from 
Point source 

(miles) 

 

DO 

 

BOD 

0 8.6 2 

1 4.0 36 

2 2.0 18 

3 2.0 9 

4 3.0 4.5 

5 4.0 3.0 

6 5.0 2.0 

7 6.0 2.0 

8 7.0 2.0 

9 8.0 2.0 

10 8.0 2.0 
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 The Streeter-Phelps Equation Un Treated Effluent BOD 180 mg/l 

 25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream.  

 The flow rate of the stream is 250 cubic feet per second (cfs) (3.5m3/s).  

 The velocity of the stream is approximately 3 miles  per hour.  (0.02 m/s).  

 The temperature of the sewage is 21 °C.  

 The Temperature of the Stream is 15o C.  

  The Wastewater temperature is 20 °C   

 The BOD5 of the wastewater  is 180 mg/l.  

 The BOD of the stream is 1 mg/l,   

 The DO of the sewage is 0 mg/l 

  The DO of the stream is 9.2 mg/l 

 

  

 
 
  



67 
 

 The Streeter-Phelps Equation Primary Treated Effluent BOD 60 mg/l 
 
 25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream.  

 The flow rate of the stream is 250 cubic feet per second (cfs) ( 3.5m3/s).  

 The velocity of the stream is approximately 3 miles  per hour.  (0.02 m/s). 

 The temperature of the sewage is 21 °C.  

 The Temperature of the Stream is 15o C.   

 The temperaturee of he waste water is 20 °C  

 The BOD5 of the sewage is 60mg/l.  

 The BOD of the stream is 1 mg/l,  

 The DO of the sewage is 0 mg/l  

 The DO of the stream is 9.2 mg/l 
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 The Streeter-Phelps Equation Treated Effluent BOD 25 mg/l 

 25 million gallons per day (mgd)  (1m3/sec) of domestic sewage is discharged into a stream. 

  The flow rate of the stream is 250 cubic feet per second (cfs) ( 3.5m3/s). 

  The velocity of the stream is approximately 3 miles per hour.  (0.02 m/s).  

 The temperature of the sewage is 21°C.  

 The Temperature of the Stream is 15o C.   

 The 20 °C  

 The BOD5 of the sewage is 25 mg/l.  

 The BOD of the stream is 1 mg/l,  

 The DO of the sewage is 5 mg/l 

  The DO of the stream is 9.2 mg/l 
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Problems  
 
 Answers 
 
  BOD 180 mg/l    DO O mg/l at 2,00 meters 
  BOD 60 mg/l    DO 2.0 mg/l at 9236 meters 
  BOD 25 mg/l      DO 5.8 mg/l at 400 meters 
 
 
 

Distance from Point Source m Distance from 
Point Source 
mi 

DO mg/l 

0 0 8 
1000  0.6 6.5 
3000 1 4.3 
5000 2 3.0 
7000 4 2.4 
9000 5 2.2 
10000 6 2.2 
13000 8 2.6 
15000 9 3.0 
19000 12 4.0 
42000 25 8.0 

  
 
 

Distance from Point Source m Distance 
from Point 
Source mi 

Time Days BOD mg/l 

0 0 0 60 
1000  0.6 1 56 
3000 1 2 53 
5000 2 3 49 
7000 4 4 45 
9000 5 5 41 
10000 6 6 38 
13000 8 8 32 
15000 9 9 35 
19000 12 11 28 
42000 25 26 0 

 
 
 
 
 


	Table of Contents
	Introduction
	What’s in the water?
	Students observe and list abiotic factors in specific ecosystems. Students will observe and list abiotic factors in an aquatic system and measure four of them (pH, dissolved oxygen, turbidity, and temperature).
	Who Lives in the Water?
	The Effects of Sewage Discharge on the DO of a Stream
	When Things Heat Up
	Turbidity Conversion Chart
	Presentations:

	Who Lives in the Water
	Charts and Graphs
	Charts and Graphs

	Temperature
	What is Temperature?
	Discussion Questions for Temperature:
	Different land uses affect stream temperature.
	Dissolved Oxygen
	What is Dissolved Oxygen?
	Effect of Temperature on Dissolved Oxygen Concentrations
	Changes in Temperature and Dissolved Oxygen Throughout a Year






