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By Clark C.K. Liu 

Example 4.5 in the Chapter 4 of a CRC book “Water Environment Modeling” was prepared to 
illustrate the derivation and application of a simple detention pond model.  The example 
consists of two parts. The first part presents the CSTR detention pond flow modeling and the 
second part presents the corresponding detention pond water quality modeling. 

In the first part of Example 4.5, the outflow hydrograph from a detention pond was calculated 
on an Excel spread sheet by using an inflow hydrograph and pond hydraulic property as 
modeling input (Viessman et al, 2009). The calculated results are shown in Table 4.2, from 
columns 1 to 7.   

In the second part of Example 4.5. the outflow pollutant concentration vs time curve was 
calculated by using the known inflow water quality conditions and the calculated outflow 
hydrograph as modeling input.  The calculated results are shown in Table 4.2, from columns 8 
to 14.  The outflow pollutant concentration vs time curve is also called as the outflow 
pollutograph.  The subject of the simple  detention pond water quality modeling was not 
covered by Viessman et al (2009). 

It is noted that Table 4.2 in Example 4.5 shows modeling results of both flow and water quality 
modeling; the information provided by Table 4.1 in Example 4.5 has been included completely 
by Table 4.2, and thus Table 4.1 should be removed from Example 4.5. 

On Sept 21, 2021, we informed CRC of a missed citation in Example 4.5 and made a request to 
revise the example. However, CRC Press told us “…book went to press Sept. 13, and no further 
corrections can be made at this point.” 

We are sorry for not identifying and citing properly the source of inflow hydrograph data used 
by Example 4.5. We will make the corrections in the future editions of this book.  

A revised Example 4.5 is presented in the following pages.  

 
 
 
 
 
 
 
 
 



4.3 Formulation and Application of Simple Water Environment Models  
 
4.3.1 Modeling a detention pond system as a CSTR with time-variable flow 

 
Figure 4.11 Flow and transport simulation of a storm detention pond 
 

As one of the most popular non-point source pollution control measures, a storm runoff 
detention pond provides temporal storage of storm runoff produced over a watershed to 
manage its flow and water quality.  

 By taking the concentration of the transporting chemical C = M/V in a detention pond, the 
transport equation or Eqn. (4-4) is modified to get, 
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In applied hydrology, storm runoff produced over a watershed is estimated and expressed 
by flood hydrograph analysis (see Section 5.2). Because the CSTR model of a detention pond 
uses flood hydrograph as its inflow, both Qin and Qout in Eqn. (4-29) are time-variable functions. 
Generally, Eqn. (4-29) contains two unknown variables of mass M and flow Qout; therefore, an 
independent flow equation must be solved together. Based on mass conservation principle, the 
flow equation is formulated as, 

                                                 (4.30)                                                                                   

As shown in Figure 4-11, volume increment dV can be expressed in terms of water depth 
increment dh or dV=A(h) dh. Note that A(h) does not change with time and dh can be used to 
replace dV as an independent variable in Eqn. (4-30) to get, 

                     (4.31)    

 
 

 

 

Figure 4. 11.

Depth h
Volume V

Outlet

Outflow
Qout ,Cout

Inactive storage

Inflow
Qin ,Cin

( ) ( )in out

dV
Q t Q t

dt
= −

( ) ( ) ( )in out

dh
A h Q t Q t

dt
= −



Example 4.5 Modeling a detention pond system as a CSTR with time-variable flow (Revised 
Sept 2021) 

Problem 
A detention pond receives inflow from watershed runoff (Figure 4-11). The runoff 

contains a contaminant at a concentration Cin = 100 g/m3. The contaminant undergoes a first-
order decay in the pond with a reaction coefficient of k = 0.1 d-1.  Initially, the contaminant 
concentration in the pond is zero. The surface area and water depth of the pond is related by 
an empirical formula  A(h) = 400h0.7. Water flows out of the detention pond through a culvert  
with diameter dc=8-inch. Outflow rate Q0ut can be determine by an orifice formula 

 in which the orifice coefficient Cd has a value of 0.9, 2
0 4d cA C d= , or C0 A0 = 

0.029. The hydraulic properties and the inflow hydrograph of a hypothetical detention pond  as 
given by Viessman et al., (2009) are used by this example. 

Assume the pond can be simulated by a simple CSTR model. Calculate the outflow hydrograph 
Qout(t) and the outflow contaminant concentration over time curve or pollutograph Cout(t). 

 
Solution 

Insert the orifice equation into Eqn. (4-31) to get,  
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By Euler approximation, can be expressed as, 

                                                                            (4.33) 

Combining Equs. (4-32) and (4-33),  

                                   (4.34) 

Eqn.(4.34) indicates that the water depth of the detention pond at any time step h(t) can 

be used to calculate the water depth at the next time step h(t+t) if the rate of inflow Qin(t) and 
other hydraulic properties of the pond are known.  

Again, by Euler approximation, is expressed as, 

                                                                      (4.35)                         

Combining Eqn. (4-35) and Eqn. (4-29) to get,  
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Eqn.(4.36) indicates that the mass flux out of the pond M(t) and the pollutant 

concentration C(t) at a time step t can be used together to calculate the mass flux M(t+t) out 
of the pond at the next time step; if the rate of inflow Qin(t), the rate of outflow Qout(t), and 
reaction coefficient k are known. The pollutant concentration at the next time step is then 

calculated simply by  C(t+t) = M(t+t)/V (t+t) where V is the water volume in the pond.  

Successive values of water depth h(t), the rate of outflow Qo(t) and the outflow pollutant 
concentration C(t) can be calculated on an Excel spread sheet as shown in Table 4.2.  In Table 
4.2, hydraulic parameters are shown in Columns 1 to 7 and water quality parameters are shown 
in columns 8 to 14.  

Each cell in Table 4.2 is denoted by cell (a.b), where a is the number of column and b is the 
number of row. Thus, the initial inflow rate Qi(0) = 0 is denoted by cell (2,1), the initial water 
depth h(0) = 0.5 is denoted by cell (3,1), the initial inflow pollutant concentration Cin(0) = 0 is 
denoted by cell (9,1),  and the initial outflow pollutant concentration C(0) = 0 is denoted by cell 
(12,1). 

The initial outflow rate can be calculated by orifice equation Q0(0) = 0.029√2(9.8)(0.5) = 

0.09141 m3/sec and is denoted by cell (4,1). The initial water surface area A-surf(0) = 400 
(0.50.7)= 246.2289 m2 and is denoted by cell (5,1). 

Eqn. (4-34) is used to calculate the water depth at t = 0.25 hours to get h(0.25) = 0.165882 
m which is denoted by cell (3,2). The orifice equation is then used to calculate the rate of 
outflow at t = 0.25 hours to get Q0 (0.25)  = 0.052652 m3/sec and the results is denoted by cell 
(4,2). 

Eqn. (4-36) is used to calculate the mass flux at t = 0.25 hours to get M(0.25) = 0 which is 
denoted by cell (11,2). The pollutant concentration in the outflow can then be readily calculate 
as C0(t) = M(t)/V, where V is the volume of water in the pond. Note that, by taking the pond as a 
CSTR model, the pollutant concentration in the outflow equals the pollutant concentration 
inside the pond. For example, at time t = 0.5 hour, C (0.5 ) can be calculated to be M(0.5)/V(0.5) 
= (16200 g)/[(1.173547 m)(447.415 m2)] = 30.85 g/m3 and is denoted by cell (12,3). 

Table 4-2 is completed by repeating the procedures for the remaining rows. Figure 4-13 (a) 
shows calculated inflow and outflow hydrographs and Figure 4-13 (a) shows calculated inflow 
and outflow pollutographs. 

 

 

 

 

 

 



Table 4.2 Computation of outflow hydrograph and pollutogragh in Example 4.5 

 

 

 



 

Figure 4.13 Calculated outflow hydrograph Qout(t) and  pollutograph Cout(t) 

Comments 

1. Detention ponds have been widely used as management measures for flood mitigation 

and non-point source pollution control. This example illustrates the derivation and 

testing of a simple CSTR detention pond model. 

2. The outflow hydrograph Qout(t) and the outflow pollutograph Cout(t) are given in Table 

4.2 and Figure 4.13. These Modeling results show that a detention pond reduces the 

flood peak and the contaminant load during a particular heavy rainstorm.   

3. After the model of a retention pond is developed, it can be used to simulate outflow 

hydrographs and pollutographs under varying inflow sequences and pond hydraulic 

condition. The results can then be used to identify the most cost-effective pond design 

to achieve specific flow and water quality objectives. 

 
The following reference will be added to the reference list of Chapter 4 of the CRC book 
“Water Environment Modeling”:  
Viessman Jr., W., Hammer, M.J., Perez, E.M., and Chadik, P.A. (2009). Water Supply and 
Pollution Control, 8th ed., Pearson Prentice Hall, Upper Saddle River, NJ.  


