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PROBLEM STATEMENT 

An effluent is discharged via a cylindrical pipe into the Santa Fe River. According to the 

USGS (The U.S. Geological Survey) and the Florida Spring Institute data, the average flow 

rate of the Santa Fe River is known to be 39643 L/s, average temperature of 25 degrees 

Celsius and DO (dissolved oxygen) concentration of 4.8 mg/L. 

 

a) Given 𝑟 = 0.3 𝑚 and the velocity profile 𝑈(𝑟) = 1.1(1 − 11𝑟2) 
𝑚

𝑠
  we calculate 

the volumetric flow rate of this effluent. 

b) Based on the data given and obtained from part (a), we know that the effluent DO 

concentration is 0 mg/L, Determine the DO concentration of the river immediately 

after mixing and its oxygen deficit. 

 

 
MOTIVATION 

The discharge of untreated liquid effluents from industry and sewage into rivers, lakes, and 

streams causes a serious imbalance in the aquatic ecosystem and health problems for 

humans. Domestic sewage, for example, consumes oxygen in its decomposition process, 

causing the death of fish and other living beings in the environment. Furthermore, 

microorganisms from animal and human fecal matter can cause disease if there is no 

treatment at the disposal sites. Hence, when we perform the mass balance, we obtain the 

data how these emissions pass or fail to pass the quality standard determined, then we 

regulate and remove the damage to the environment. The mass balance process is 

originated according to Antoine Lavoisier's Law of Mass Conservation, which states that 
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mass can neither be created nor destroyed. Thus, the accumulated mass must be equal to the 

incoming mass minus the outgoing mass, however, to perform this operation it is necessary 

to have a control volume, because in several cases there are conversion processes of matter 

through chemical reactions, which transform the equation into: 

𝑀𝑇 = 𝑀𝐼 − 𝑀0 ± 𝑀𝑐 ( 1.1) 

In other words, we can say that the mass balance consists of the variation of the amount of 

matter in the system with time, which is: 

ⅆ𝑀

ⅆ𝑡
= 𝑀𝐼 − 𝑀0 ± 𝑀𝑐 (1.2) 

 

   When dealing with environmental processes, we use the flow rates and concentrations 

involved in the system. In our example, we define the mass balance of effluents discharged 

into bodies of water by: 

𝑄𝑒1
. 𝐶𝑒1

+ 𝑄𝑑. 𝐶𝑑 = 𝑄𝑒2
. 𝐶𝑒2

 (1.3) 

For our problem, I opt for DO (dissolved oxygen) concentration, because knowing the 

oxygen concentration in an environment we can determine if there is life. Therefore, it is 

necessary to point out some concepts about this. When effluents are discharged into the 

river, there is an increase in nutrients and organic matter, which leads to a decrease in DO 

due to the increased oxygen consumption of the microorganisms present. For this reason, 

BOD (Biochemical oxygen demand) is used, which indicates the amount of DO required by 

aerobic biological organisms to break down this increased organic matter. 

To be able to perform these calculations, it is necessary to use the Streeter-Phelps model, 

but since my goal is just to find the oxygen deficit after mixing, I will use it:   

𝐷0  =  𝐶𝑠 −  𝐶𝑒2
 (1.4)   

Where 𝐶𝑠 is nothing more than the oxygen saturation concentration in the river, determined 

by factors such as temperature, salinity, and atmospheric pressure. We use the values from 

TABLE 1 as a parameter in the equations: 
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TABLE 1 

 

Oxygen solubility at different water temperatures. 

From(https://serc.carleton.edu/microbelife/research_methods/environ_sampling/oxygen.html) 

 

 

 

MATHEMATICAL DESCRIPTION AND SOLUTION APPROACH 

We know that: 

𝑄 = 𝑣. 𝐴  (2.1) 

𝐴 = 𝜋. 𝑟2 (2.2) 

      ⅆ𝐴 = 2𝜋𝑟. ⅆ𝑟 (2.3)    

   

But we only use equation 2.1 when we have constant velocity, which is not the case, so we 

adopt it:   

𝑄𝑑 =  ∫ 𝑣 ⅆ𝐴 

 

Putting the values into the equation and adjusting for the given problem we have that: 

𝑄𝑑 =  ∫ 1.1(1 − 11𝑟2
0.3

0

) ⅆ𝐴 =  ∫ 1.1(1 − 11𝑟2
0.3

0

).2𝜋𝑟 ⅆ𝑟 = 
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(− 
π (11 r2  −  1)2

20
) |(r=0.3) = − 

π

200000
 

 

(−
π(11𝑟2 − 1)2

20
) |(𝑟=0) = −

π

20
 

∫ (𝜋𝑟 (
11

5
−

121𝑟2

5
)) ⅆ𝑟

0.3

0

= (−
𝜋(11𝑟2 − 1)2

20
) |(𝑟=.3) − (−

𝜋(11𝑟2 − 1)2

20
) |(𝑟=0) =

9999𝜋

200000
 ≅  157 

𝐿

𝑠
 

Now that part (a) has been completed, we can show all the values we have as: 

𝑄𝑑  =  157 
𝐿

𝑠
 

𝑄𝑒1
 =  39643 

𝐿

𝑠
 

𝑄𝑒2
 =  ? 

𝐶𝑑  =    0
𝑚𝑔

𝐿
 

𝐶𝑒1
 =  4.8

𝑚𝑔

𝐿
 

𝐶𝑒2
 = ? 

𝐶𝑠  =  8.6 
𝑚𝑔

𝐿
 

 

In order to obtain the value of the effluent concentration, it is necessary to obtain the value 

of the flow rate after the effluent has been discharged where by reformulating we get the 

equation 1.3, because we know that the river flow rate after the effluent discharge is given 

by the river flow rate at the point before the discharge plus the flow rate of the discharged 

effluent: 

𝑄𝑒2
 =  𝑄𝑒1

+ 𝑄𝑑  =  39643 +  157 =  39800
𝐿

𝑠
 

Now that we have found the flow rate of the mixture, we can use equation 1.3 and 

substitute the values: 

 

𝐶𝑒2
 =

 𝑄𝑒1
. 𝐶𝑒1

+ 𝑄𝑑 . 𝐶𝑑

𝑄𝑒2

 ≅  4.78
𝑚𝑔

𝐿
 

Thus, we have that the oxygen deficit after the effluent is discharged is: 
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𝐷0  =  𝐶𝑠 −  𝐶𝑒2
=  3.82

𝑚𝑔

𝐿
 

DISCUSSION 

With the present results, we can see that even a small discharge of sewage into a large river 

like the Santa Fe River can decrease the DO of the river. It is worth noting that we do not 

consider several crucial factors such as the BDO levels of the effluent and the river as well 

as the distance traveled and the altitude of the environment. It is therefore especially 

important to understand how damaging it is to marine life and even to our health to 

discharge effluent into rivers. As a comparison, the minimum DO required in an 

environment for life to exist is approximately 4 mg/L and analyzing the DO of the Santa Fe 

River we see how close it is to this limit. The calculations performed are only a small part 

of water and wastewater treatment. So, I hope that this project will help us, human beings, 

understand how important it is to treat sewage and stop polluting our environment.  

 

CONCLUSION AND RECOMMENDATIONS 

Based on the data collected, we can see why it is so important to treat these effluents before 

we dump them into the river. According to data from the U.S. Environmental Protection 

Agency (EPA), the United States has set aside more than $50 billion for national 

improvements in water and wastewater treatment. It is of utmost importance that we 

understand that water and sewage treatment is a basic right that every human being should 

have. The intention of this project is to show the impact of just one effluent in the Santa Fe 

River, which causes a decrease, even if symbolic, of the DO of the river. To make this 

study more efficient, I recommend adopting all the data used to calculate the concentration 

of DO and conducting this research over a longer period.   
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NOMENCLATURES 

Variable Meaning 

𝑄 Flow rate 

𝑣 Velocity 

𝐴 Area 

𝑀𝑇 Total mass 

𝑀𝐼 Incoming mass 

𝑀0 Outgoing mass 

𝑀𝑐 Converted mass 

𝑄𝑒1
 River Flow rate 

𝐶𝑒1
 River DO concentration 

𝑄𝑑 Effluent Flow rate 

𝐶𝑑 Effluent DO concentration 

𝑄𝑒2
 Mixed Flow rate 

𝐶𝑒2
 Mixed DO concentration 

𝐶𝑠 DO Saturation  

𝐷0  oxygen deficit 

𝑈(𝑟) Velocity profile 

𝑟 radius 
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