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Abstract-Wastewater generated from urban areas is a result of domestic and industrial activities, and domestic 

wastewater contains organic and inorganic matter in suspended, colloidal, and dissolved form. The infrastructure 

of a city, particularly the water supply and sewerage system, is crucial for urbanization. Municipal wastewater 

management is a critical issue in urban areas. If municipal wastewater is not properly collected, treated, and 

disposed of, the environmental consequences are severe. Many small towns lack a proper drainage system. As of 

now, all domestic waste water is discharged into open drains or into open areas around houses. As a result, there 

are hygienic issues. The goal of this research is to design a sewer network using Dynamic Programming. 

Keywords: Dynamic programming, Optimization, Sewer, Sewer design, Sewer design algorithm, Sewerage 

networks. 

1. INTRODUCTION 

The sewerage system is made up of numerous sewer lines that converge at one big sewer pipe. The massive 

sewer pipe comes to an end at the intersection of an even bigger sewer line. The outfall is where the main sewer 

line finally comes to an end. A sewage system can be thought of as a network of sewer lines that empty into another 

network of sewer lines after collecting discharges at their nodal points. A sewage system is made up of numerous 

sewer lines that converge at the intersection of a major sewer line. Additionally, the massive sewer pipe comes to 

an end at the intersection of an even bigger sewer line. The outfall is where the main sewer line finally comes to 

an end. A sewage system can be thought of as a network of sewer lines that empty into another network of sewer 

lines after collecting discharges at their nodal points. In this essay, the best design for a sewer line the fundamental 

building block of a sewerage system is discussed. The problem is to minimise a nonlinear cost function while 

keeping nonlinear constraints in mind. Camp (1946) was the first to emphasise the importance of hydraulic design 

of sewers, which was previously overlooked in the technical literature as well as by sewage works engineers. 

Since the design of the sewerage network is an iterative process, dynamic programming can be used to 

greatly simplify the process. There will be a set of practicable diameters for each sewer pipe. The total number of 

viable routes is OP if there are P pipes in a sewer system and each pipe has an O number of feasible widths.  The 

traditional method of reducing the cost of a sewerage network includes a time-consuming trial-and-error process  

[1]. In contrast to conventional design, the proposed design method is an iterative search process that is systematic 

and has a very high chance of finding the best design. Using dynamic programming, the sewerage network was 

optimised in this Paper. these  approaches  use  the  Manning  equation  or  Hazen Williams  equation  for  resistance  

description.  The Manning equation is applicable for a limited bandwidth,0.004–0.04, of  relative  roughness  
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(Christensen  1984). ASCE (1963) has disapproved the Manning equation and recommended the use  of the  Darcy-

Weisbach equation for open-channel resistance. 

2. HYDRAULIC EQUATIONS 

The method comprises of designing the sewers as circular concrete sections with sewer running partially full. 

Manning equation is used as a hydraulic model which is given by: 

21321
SR

N
V           

Where, V = Velocity of flow, m/s; 

N = Manning’s roughness coefficient; 

R = Hydraulic mean radius, m; and 

S = Slope of pipe. 

The value of manning coefficient for concrete sewers is taken as 0.013 to 0.015 . 

The values of roughness coefficient N is given in Table 2.2.1 (Manual, 2012). 

 

Table 1: Coefficient of Roughness for use in Manning Equation 

Type of materials Condition N values 

Salt glazed stone ware pipe 
Good 0.012 

Fair 0.015 

Cement concrete pipes (with collar joint) 
Good 0.013 

Fair 0.015 

Spun concrete pipes 

( with socket spigot joints) 
--- 0.011 

 

 The formulae used for the design of sewer running partially full are as follows: 

             𝜃 = 2𝑐𝑜𝑠−1(1 − 2𝑘𝑑) 

 𝑘𝑎 =  (
𝜃−sin 𝜃
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            𝑘𝑞 =  (
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Where, 𝜃= central angle in radians. 

 

2. COST FUNCTIONS 

For the optimal design of sewerage network, it is necessary to describe the cost function of the various 

components of a sewer line. 
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2.1. Cost of sewer pipes 

𝐶𝑚 = 𝑘𝑚𝐿𝐷𝑚          

Where, km and m = cost parameters of pipe;  

L = length of pipe, m; and  

D = diameter of sewer, m.  

The values of cost parameters for RCC pipe, class NP III, for various diameters was taken from Schedule of Rates, 2021[3], 

and were found to be km=4178.1Rs. per m, and m = 1.2527. 

2.2.Cost of Excavation 

             𝐶𝑒𝑤 =
1

2
𝐿𝑤(𝑑𝑢 + 𝑑𝑑)𝑐𝑒 +

1

6
𝐿𝑤(𝑑𝑢

2  + 𝑑𝑢𝑑𝑑 + 𝑑𝑑
2)𝑐𝑟  (2.1)  

Where, ce = unit excavation cost at ground level, Rs./m3; cr = increase in unit excavation cost per unit depth, 

Rs./m3/m; w = width of excavation trench, m; du = upstream depth of sewer, m; and dd= downstream depth of 

sewer, m. The width wi, follows the following criteria (Manual, 1993): 

The cost of sheeting and shoring of sewer trenches depends upon the surface area of side walls of excavation 

trenches. The capital cost of sheeting and shoring of a sewer trench Ces can be written as: 

𝐶𝑒𝑠 = 𝐿(𝑑𝑢 + 𝑑𝑑)𝑐𝑠 +
1

3
𝐿(𝑑𝑢

2 + 𝑑𝑢𝑑𝑑 + 𝑑𝑑
2)𝑐𝑟𝑠                          (2.2)   

Where, cs = unit capital cost of sheeting and shoring at ground level, Rs./m2; and crs = increase in unit cost of 

sheeting and shoring per unit depth, Rs./m2/m. 

The total cost of excavation is the sum of the cost of earthwork and the cost of sheeting and shoring. Therefore, 

combining Eqs. (3.1) and (3.2), and rearranging the terms, the total capital cost of excavation Ce is given by: 

          𝐶𝑒𝑖 = 𝑘𝑒𝑖𝐿𝑖(𝑑𝑢 + 𝑑𝑑)  

Where, kei = earthwork cost coefficient given by: 

 𝑘𝑒𝑖 =
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Costs of earthwork, and sheeting and shoring were taken from Schedule of Rates, 2021[3]. The values of cost 

parameters for excavation were found to be ce = 175.18, Rs./m3 ; cr = 13.331, Rs./m4 ; cs = 181.75 Rs./m2 ; and 

crs = 24.79 Rs./m3 . 

2.3.Cost of Manhole 

The cost of manhole is an insensitive function of diameter, and it solely depends on the depth of the manhole. 

The capital cost of a manhole, Ch can be expressed as [5]: 

 𝐶ℎ = 𝑘ℎ𝑑ℎ              

Where, dh is depth of manhole. Depth of manhole, dh is the value of upstream invert depth for the 

outgoing sewer at the manhole.   

The cost of manhole for various depths was taken from Schedule of Rates, 2021 [3]. The values of cost parameters 

were found to be kh = 21231 Rs./m. 

2.4.Total Cost of Sewer 

 The Total cost of a sewer line can be obtained by adding the cost of major components of the line together, 

and is given by: 

              𝐶𝑇 = 𝐶𝑚 + 𝐶𝑒 + 𝐶ℎ 
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3. DESIGN CONSTRAINTS 

A sewerage network is designed to carry peak or design sewage flow at design relative depth. For this, it has 

to satisfy certain design constraints such as minimum and maximum velocities, relative depth, etc.  

3.1. Velocity Constraints 

The sanitary sewer is designed to obtain adequate scouring velocities at the average or at least at the maximum 

flow at the beginning of the design period for a given flow and slope. Velocity is little influenced by pipe diameter. 

The recommended slope for minimum velocity is 0.75 metre/sec. and maximum velocity is 3.00 metre/sec. 

 

Table 2: Adopted Self-Cleaning Velocity 

Sewer diameter, m Self-cleaning velocity, m/s 

0.15 - 0.25 1.00 

0.30 - 0.60 0.75 

> 0.60           0.60 

 

Table 3: Maximum Recommended Scouring Velocity 

Sewer material Scouring velocity, m/s 

Cast iron 3.5-4.5 

Stoneware 3.0-4.5 

Concrete 2.5-3.0 

Brick 1.5-2.5 

 

3.2. Relative depth Constraint 

To maintain free surface flow, sewers are designed to flow partially full. The maximum relative depth should 

not exceed 0.75 (Manual, 2012). The relative depth varies according to various diameters of pipes as given in 

Table 4 [5]. 

 Table 4: Relative Depth  

 

 

 

 

 

 

Sewer diameter, m Relative depth 

0.15-0.25 0.50 

0.30-0.50 0.60 

0.55-1.20 0.70 

> 1.20 0.75 
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4. METHODOLOGY AND DISCUSSION 

The optimal diameter, invert slope, minimum and maximum velocities, depth of flow for each link, invert 

depths upstream and downstream of the manhole, the total cost of the sewer line, and the total cost of sewer are all 

determined by an algorithm for the optimal design of a sewerage network and design procedure. 

           The developed design algorithm for the optimal design of a sewerage network consist of the following steps: 

 1. Determination of set of feasible diameters for each link; 

 2. Determination of head loss and slope for each diameter;  

 3. Determination of cost of the sewer link considering the cost parameters such as cost of pipe, cost of excavation 

and cost of manhole; 

 4. Design of all the links coming at junction manhole and selecting the links with minimum cost; 

 5. Extending the design with minimum cost and greater downstream invert depth up to next junction point and 

design of all the links coming at that junction point; 

6. Check the downstream invert depth of the extended design at previous junction with respect to other links at 

that junction.  

7. Repeat all the steps till outlet is reached. 

The design procedure is used to determine the set of feasible diameters for each link, as well as the head loss 

and slope for each diameter. I. All of the sewer links that comprise the sewer network's main line are designed so 

that the invert of the outgoing link at the junction manhole is greater than or equal to the invert of the incoming 

links at the junction manhole. The cost of each sewer link forming the main line is then determined. After the cost 

effective grouping of the first branch line and main line, the options with lesser Cost is selected and the procedure 

of designing and grouping is repeated for the next branch line at the next junction of the main line. The procedure 

is then repeated for the entire network. 

5. ILLUSTRATIVE DESIGN EXAMPLE 

A 5-link sewerage network, as shown in Fig. 1, is used to demonstrate the design process for attaining an 

ideal sewerage network design. The point where two or more links intersect is known as junction point and the 

manhole at the point is termed as junction manhole. Two such junction manholes J1 and J2 are shown in Fig 1. At 

the downstream end of pipe 1-3 is where the sewerage network's system outflow or sink is situated. The Table 4 

provides the necessary design information for the 5-link sewerage network. In this case, the minimum velocity is 

adopted. The Manning’s co-efficient of roughness for the RCC pipe in fair condition is taken as 0.015. The cost 

parameters adopted for sewerage network are, km =4178.1₹/m, m =1.2527, ce = 175.18 ₹/m3 , cr = 13.331 ₹/m3 /m, 

cs = 181.75 ₹/m2 , crs =24.79 ₹/m2 /m, kh = 212231 ₹/m 
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Fig.1: Description of 5-link sewerage network 

     

Table 5: Design data for 5-link sewerage network 

  

 

 

 

 

 

6. RESULTS AND DISCUSSION 

  The set of feasible diameters along with the corresponding head loss obtained for each link of the sewerage 

network is given in Table 6. 

  Table 6: Set of feasible diameters and head loss 

         

Pipe 

Set of feasible diameters (head loss), m 

1-1 0.450(0.150),0.400(0.235),0.350(0.480),0.300(1.085),0.250(5.175). 

1-2 0.750(0.050),0.700(0.075),0.650(0.106),0.600(0.165),0.550(0.257),0.500(0.665),0.450(1

.165). 

1-3 1.000(0.048),0.950(0.065),0.900(0.085),0.850(0.115),0.800(0.157),0.750(0.225),0.700(0

.320),0.650(0.475),0.600(0.727). 

2-1 0.350(0.155),0.300(0.255),0.250(1.250),0.200(3.970). 

3-1 0.400(0.160),350(0.250),0.250(0.475),0.200(2.270). 

 

Considering the sewer pipe 1-1 as a starting point, slope and head loss for each diameter of link 1-1 were 

determined; invert depths and total costs for each option were calculated. Similarly,the branch line 2-1 and 2-2 

were designed together which produced 20 options and the invert depths and total cost for the best 5 out of 20 

options were selected for further process.  

 

 

 

 

 

 

 

Pipe Q, m3 /s Z1, m Z2, m L, m 

1-1 0.070 158 157 70 

1-2 0.200 157 156 80 

1-3 0.400 156 155 90 

2-1 0.040 157.5 157 50 

3-1 0.050 156.5 156 60 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                               www.jetir.org (ISSN-2349-5162) 

JETIR2210208 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

c79 
  

Table 7. Cost Options of Line 1 and 2 at J1 

Line Options Total cost, Rs. d at J1, m 

 1-1-1 234909.24 
1.450 

   1-1-2 
213035.68 1.400 

1-1 1-1-3 
184636.47 1.350 

 

1-1-4 
146887.14 1.385 

1-1-5 
231414.25 5.425 

2-1  

2-1-1 
136795.46 1.350 

2-1-2 
120595.75 1.300 

2-1-3 
110596.96 1.957 

2-1-4 
147329.73 4.668 

 

 The least cost pipe options 1-1-4 and 2-1-3 were selected from line 1 and line 2 respectively. Option 2-1-3 

has greater downstream invert depth than the option 1-1-4 . . Therefore, line 2-1 was selected as main line and line 

1-1 was selected as branch line. The total cost and downstream invert depth up to junction J1 for each options of 

line 1-1 and 2-1 are given in Table 4.3.2.2. The main line was extended up to next junction point and designed 

using the design procedure. Each option of the main line 2-1 was grouped with the options of link 1-2 thereby 

producing 24 options and the invert depths and total cost for each option were determined. Similarly, the invert 

depths and total cost for each option of the line 3-1 were determined. The line option having least cost was selected 

from both the line 2-1 + 1-2 and 3-1 and depending on the downstream invert depth of both the lines at junction 

J2, line 2-1-2 + 1-2-6 having downstream invert depth equals to 1.565 m which is greater than the downstream 

invert depth of line 3-1-3. Therefore, line 2-1 + 1-2 was selected as main line and line 3-1 was selected as branch 

line. The total cost and invert downstream depth of the selected five options along with the branch are shown in 

Table 8.                                                               

                                

 

 

 

 

http://www.jetir.org/


© 2022 JETIR October 2022, Volume 9, Issue 10                                               www.jetir.org (ISSN-2349-5162) 

JETIR2210208 Journal of Emerging Technologies and Innovative Research (JETIR) 

www.jetir.org 

c80 
  

Table 8. Cost Options of Line 2 and 3 at J2 

Line Options Total cost, Rs. d at J2, m 

 2-1-1 + 1-2-5 373883.27 1.450 

2-1 + 1-2 

2-1-1 + 1-2-6 341965.71 1.565 

2-1-2 + 1-2-5 357683.56 1.450 

2-1-2 + 1-2-6 325766.00 1.565 

2-1-3 + 1-2-6 356492.45 2.122 

 

     3-1  

3-1-1  171966.01 1.400 

3-1-2 154702.76 1.350 

 3-1-3 
 

129298.38 

 

1.300 

3-1-4 
 

148576.95 

 

 

3.013 

 

The Line 1-1-4+2-1-2+1-2-6 was determined with the total Cost of 4.72 Lakh with downstream depth of 

1.565. The downstream invert depth of the sewer line 1-1-4+2-1-2+1-2-6  at J2 is greater than that of the designed 

option 3-1-3. Thus, sewer line line 1-1-4+2-1-2+1-2-6  was extended further up to the outfall and designed with 

all the options of sewer link 1-3 by considering its upstream invert depth equal to or greater than the invert depths 

of the sewer line options coming at the junction J2. This process generated 45 options for the sewer line  up to 

outfall. .The least cost solution for the sewer line  up to outfall is1-1-4+2-1-2+1-2-6 + 1-3-9 having cost Rs. 8.03 

lakhs and downstream depth at J2 1.600 m.  

The optimal solution obtained from above was again checked for the downstream invert depth at junction 

point J2. The designed option is1-1-4+2-1-2+1-2-6 + 1-3-9 have greater downstream depth at J2 and hence was 

selected as main line whereas the option 3-1-3 was separated and selected as the branch pipe. Thus, the cost of the 

option is1-1-4+2-1-2+1-2-6 + 1-3-9  was combined with the cost of the selected link option 3-1-3 to obtain ultimate 

optimal solution. The total cost of the optimal solution for the 6-link sewerage network comprising the pipe set 1-

1-4+2-1-2+1-2-6 + 1-3-9 + 3-1-3 is Rs. 9.496 lakhs. 
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Fig. 2: Cost variation of sewer line up to outlet 

                                                 

7. CONCLUSION 

    Following conclusions can be drawn from the above study: 

 Using dynamic programming, it is simple to find the best option for sewerage network design. 

 The design of sewerage networks is simple and straightforward using this method. 

 Significant savings in sewerage network design can be achieved as compared to traditional designs. 

 When constructing a sewerage network with dynamic programming, the number of options grows very big, 

making it exceedingly difficult to design huge sewerage networks. 

 The designed algorithm is a depth-constrained iterative procedure, and the possibilities get more complex 

as the number of iterations increases at junction points. 
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