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     Abstract: Water distribution network (WDN) design of 
hydraulic model Gurthali, NARWANA-JIND, HARYANA and 
objective of this paper to detecting the leakage in it.In current 
research work to find out the Hl through normal valve and leak 
valve control setting with randomly value.To detect the Head Loss 
to usedDarcy Weisbach methodwhich calculate the major and 
minor loss with friction in pipes links. EPANET tool is used to 
create enlarge hydraulic model and simulate the data. All the 
pipes to be analysis unit head loss and nodes analysis head loss foe 
every houses. For leak detection, four normal valve include to 
compute head loss or pressure drop on nodes, pipes and leak 
detection valves. Also find out the pressure and head loss on the all 
nodes and pipes.MS Excel used for leak detection data, at the 
various head loss values in valves, nodes, pipes links. Plot the 
various graphs with head loss on valves which generated that HL 
reduces drastically. 
 
Keywords:Head Loss (HL), Leak Detection, EPANET 

I. INTRODUCTION 

Water distribution network to become important part of life 
to save the water for future. In EPANET modeltransmits 
water from main water supply to all houses through linksand 
it’s include reservoirs, nodes as houses, pipes as links, normal 
valves and leak valve. In this tool no limits of tanks, pipes, 
junctions, pumps and types of valves. We can also take 
elevation, diameter of pipes, length of pipes and roughness. 
EPANET can be used for small and large water distribution 
network. EPANET tool work at three formulas 
Darcy-weisbach, Hazen-Williams and Chezy-Manning 
formula.  
I also have used Darcy weisbach formula. Firstly real map 
import in AutoCAD 2017 software to select the dimensions 
of the map after this convert in EPACAD file because 
EPANET can’t use direct file of AutoCAD.EPANET only 
import EPACAD files. In EPACAD software to select a 
needed area. A network to be designed for analysis the data in 
excel with multiple tables and simulation done. 
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The objective of this paper to optimize the HL on normal 
valves with vary different settings on v1,v2,v3,v4 and set the 
leak detection valves at the different  open or close status and 
also optimize the data at junctions with Head loss and 
pressure, data of pipes links with friction, unit head loss and 
velocity. Valves to be include PVC type. 
First section described introduction and section two briefly 
about literature review. In section third explain methodology. 
In section fourth EPANET implementation. Section five 
describes the results with graphs. Section six give the details 
of conclusion and future work. At last, include the references 

II. LITERATURE REVIEW 

EPANET tool used by various countries for  analysis of water 
distribution network such us H2O map, Water Gems, Water 
CAD, WATSYS, Water CAD, HydrauliCAD,etc.This 
software can be easily installed at free of coat. United States 
Environmental Protection Agency's developed this tool for 
Water Supply distribution network and monitoring the leak. 
With the help of EPANET tool can be optimized minor and 
major losses.[18]. 
Head Loss Ratio to be calculated at nodes, pipes, valves and 
leak valves with different ratio and conclude pressure drop. It 
use the emitter property at junctions [1]. Node labels were 
mapped to actual distance and accuracy was calculated by 
dividing all predictionswith sample and multiplying result by 
one hundred. Correlation coefficient and RMSE for each set 
was also calculated [2]. 
EPANET can be used in different modes and it drives from 
Water Net Gen that completely describesleakage detection in 
links [3]. The optimal control setting for the present time 
steps (in this case 24 hours) is implemented using EPANET 
2.0 Software which tracks the flow, velocity and pressure on 
the nodes and elevation at every reservoir [4]. The calculation 
of the flow to be calculated at minor and major losses using 
mathematical formulas [5].  

III. METHODOLOGY  

3.1 Objectives of EPANET 
 Detect the leakage in water supply distribution network. 
 Find out the HL or pressure drop on the nodes (houses), 

pipes (links) and valves. 
 Designed a network according to real map scenario. 

Gurthali water supply, narwana is located in Jind district, 
Haryana. Thepopulation count is approximately18000. Its 
design based on existing municipal water supply distribution 
network. In this area water supply network designedby 
according to consumption and it’sconsistsmanually reading, 
but leakage are not found easily, find out the leaks it take 
more efforts.   
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Water is necessary for every person anddemands of persons 
increased day by day and save the wastage of water. 
EPANET tool simulated WDNand examined leakage area. 
It’s also have four boosting station which calculated flow and 
pressure. 
3.2.1Area Network 
Area network of Gurthali to have all public and houses and 
street consists of 115 pipes of uniform material and diameter, 
116 junctions with elevation, 4 normal valve,6 leak valve, 1 
tanks and 1 reservoir. Normal valve placed at the main pipe 
lines link and leak valve placed at the sublinks. Reservoir 
placed at the starting point of network and after that 
distributed water to the entire network. There are multiple 
pipelines with 16,12,4 and 0.5 diameter then running for each 
way. In designed network to include two map network large 
and small. But in this paper included small map network. 

 
Figure1: Gurthali area network diagram designed in 

AutoCAD 

 
Figure 2: Network Representation with Pressure on 
nodes    and Unit HLon links in small map network 

 
 

Figure 3: Network Representation with Pressure on 
nodes    and Unit HL on links in large map network 

3.3. Mathematical equation: Complete formula explain 
with parameters and pipeline diagram. 
3.3.1. Darcy Weisbach equation: 
In water distribution network multiple pipes connected with 
different size. In pipes to calculate the head loss with friction 
factor to using the Darcy Weisbach method. Every pipes have 
minor loss and major loss but we have calculate only major 
loss at every pipes. Here D1=D2 and A1=A2=A 
Darcy Weisbach method is used for to calculate the Head 
Loss in pipes. When fluid travel in pipes due to some losses it 
means pressure drop that pressure drop calculate as Head 
Loss. This method apply all the pipes in the network. 

 
Figure4: DW method apply on a single pipe for calculate 

HL 
Suppose I have a pipeline with a central line that have two 
central section. At the section one pressure that will be P1, 
Area A1, Diameter D1, Velocity V1and section two have 
pressure P2, Area A2, Diameter D2, Velocity V2. Fluid flow 
in pipe with pressure P1 and pressureP2.Suppose at the 
section one pressure is high compare to pressure P2 that 
means P1-P2 called pressure drop. It means fluid travel in 
pipe. If p1=P2 that means fluid is not travel in pipe.  
For to calculate the pressure drop applying Bernoulli’s 

equation between section one and two: 
  

  
    

  

  
 

  

  
    

  

  
  +hf    

Here hf is the Head Loss friction that help in fluid flow. In the 
pipe at the section one Head Loss is h1 and at the section two 
Head Loss is h2 that is like h1- h2 that create some losses that 
called Head Loss due to some friction. Z1 and Z2 is distance 
from center line to data line of pipe it means Z1=Z2, also 
A1=A2,D1=D2. If diameter same then velocity V1=V2. 
 

  

  
 

  

  
    

 
  

  
 

  

  
    

 
          “ (1),” 
According to force: which force to oppose the fluid flow that 
called force of friction. Here F is frictional force.       
According to scientist in frictional force    means curve 
surface area and    is the parameter of circle. 
F=fˈ      
 ˈ is frictional resistance which work on  area curve surface 
area and unit velocity. 

             ˈ     
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 F -F =F                                               P=F/A 
F1 at the section one which equal P1A1 and F2 at the section 
two which equal P2A2 
 
P A -P A   ˈˈPLV²                             F=P∗A 
A         ˈ    P/A=  ∗           
P -P   ˈP     A 
P -P  = fˈPLV²/d     “(2),” 
Equation 1 and 2 put equal then:  
δghf = fˈ4LV²/d 
hf=fˈ4LV²/d∗δg 
Finally HL on single pipe line: on the place of 4L can put   
hf = fˈ4LV²/2gd 
hf = fˈ V²/2gd 
After mathematical equation to show the demand pattern and 
curve editor. 
3.3.2. Demand Pattern: 
Water demand pattern to show multiplier have different 
demand of water each day and how’s water need a individual 

person. As consumption of water is dynamic, so water 
demand also varies. 

 
Figure5: Demand Pattern  

In figure 5. Show the pattern ID for 1:00 hours per time 
period for multiplier and average of water is 2.48. Pattern 
editor to work for 24 hours and in this time demand of every 
person to be changed. Average of water is 2.40. In the day 
water demand increased and in night water demand 
decreased. All the data collected according to simulation.    

 
Figure6: Curve Editor 

Curve editor to show the flow and head curve type. In this 
curve editor to use the pump curve type which have flow and 
head. Flow to be show in the litter per second. 

Table 1: Network table of Links 
Pipe Links Unit HL Status  

  valves   
Valve1 19.98 Active  

Valve2 53.50 Active  

Valve3 5.50 Active  

Valve4 15.50 Active  

Leak valve1 1.02 Open  

    
Leak valve2 0.00 closed  

Leak valve3 0.00 closed  

Leak valve4 0.00 closed  

Leak valve5 0.00 closed  

Leak valve6 0.00 closed  

Leakvalve1 Leakage Active  

In table 1 all the valve in active status and leakage find at the 
leakvalve1. 

Table 2: Network table of nodes 
Node ID Head Pressure 
   
Leaknode1 299.98 299.98 

Leaknode2 280.00 280.00 

Leaknode3 280.03 280.03 

Leaknode4 230.00 8.03 

Leaknode5 225.00 10.00 

   
Leaknode6 225.00 14.44 

JuncN2 299.98 44.98 

JuncN3 280.00 25.00 

JuncN6 230.00 5.00 

JuncN9 225.00 10.00 

N6 HL Pressure drop 

In table2 more than pressure drop at N6. Pressure to be 
optimize at all the nodes. Leaknodes to be established with 
leakage valves. 

Table 3: Network table at pipes 

 

 

https://www.openaccess.nl/en/open-publications


 
Leakage Detection through HL in Gurthali Water Supply Distribution Network using EPANET  

 

3561 

  

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number: B7393129219/2020©BEIESP 
DOI: 10.35940/ijitee.B7393.019320 
Journal Website: www.ijitee.org 

IV. EPANET IMPLEMENTATION 

After design the network to simulate the data. In EPANET, 
normal valve randomly set and leak valves also used in 
algorithm to use for water distribution network. In this firstly 
calculate the HL for 24 hours at DW equation. This formula 
repeat for over all network set up. 
Algorithm 1: EPANET 
Input: set the control setting valves and leak valve set at open 
and close status 
Output: Calculate the pressure drop or HL at the different 
nodes or junction 
Step1: set time=0 to initiate leak detection systems 
Step2: Apply Darcy Weishbachequation to compute the HL 
ratio or pressure drop 
hf=   4fLV²/2gd or h1-h2 
 hf= 4fLV²/2gd 
hf= fλV²/2gd 
Step3: Calculate major loss 
Step4: Compute pressure drop(P1-P2) or HL(h1-h2) at all 
nodes and valves 
Step5: if t=0, not found pressure drop then go to at time=t+1, 
repeat until can’t found the significant results. 

V. RESULTS 

EPANET, find the HL on the nodes, valves and pipes. In this 
control valves setting at different positions and leak valves 
set at open and close status. 
5.1. Simulation Environment: 
Find out Head Loss in the different conditions: Head Loss on 
the normal Valve V1, V2, V3, V4 
Graphs: Valve1= 5 to 25(setting) .Valve v1 vary at 5 to 25 
and V2=V3=V4= 10(setting). LV1, LV2 in open status and 
LV3, LV4, LV5, LV6 in close status. In the fig 7.to find out 
the head loss on the valve V1, V2, V3, V4 
 

. 
Figure7: HL on valve 

In the figure 7. Pressure drop at HL1 and HL2 it means leak 
create between 10 and 20. 
When vary v1, v2,v3,v4 and all the leak valve to be set any 
condition then HL on the nodes, HL on the pipes and pressure 
on the nodes will be same on the normal valve at the given 
conditions   
 

1) v1=5-25,v2,v3,v4=10  
2)  v2=5-25,v1=25,v3,v4=10 
3) V3=5-25,v1=25,v2,v4=10 
4) V4=5-25,v1=25,v3,v4=10 

Valve v1 vary at 5 to 25 and V2=V3=V4= 10(setting). LV1, 
LV2 in open status and LV3, LV4,LV5, LV6 in close status 
then find out the head loss on the nodes which are near the 
normal valve v1 to v4. 

 

Figure8: HL on nodes 
Valve v1 vary at 5 to 25 and V2,V3,V4 set at 10 and  
LV1,LV2  in open status and other LV3,LV4,LV5,LV6 in 
close status then find out the head loss on the Pipes. 

 

Figure9: HL on Pipes 
Valve v1 vary at 5 to 25 and V2,V3,V4 set at 10 and 
LV1,LV2  in open status and other LV3,LV4,LV5,LV6 in 
close status then find out the  pressure on the Nodes 
 

 
Figure10: HL on Nodes 

Valve v1 vary at 5 to 25 and V2=V3=V4= 10(setting).  LV1, 
LV5, LV6 in Close status and LV2, LV3, LV4 in open status. 
In the fig 11.to find out the head loss on the valve V1, V2, V3, 
V4 
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Figure11: HL on valves 
Valve2= 5 to 25(setting)Valve v2 vary at 5 to 25 and V1=25, 
V3=V4= 10(setting). LV1, LV2 in open status and LV3,LV4, 
LV5, LV6 in close status. In the fig12.find out the head loss 
on the valve V1,V2,V3,V4 

 
Figure12: HL on valve 

valve v2 vary at 5 to 25 and V1=25,V3,V4 set at 10 and 
LV1,LV2  in open status and other LV3,LV4,LV5,LV6 in 
close status then find out the  pressure on the Nodes. 

 
Figure13: Pressure on Nodes 

When Valve v2 vary at 5 to 25 and V1=25, V3=V4= 
10(setting). LV1, LV2 in open status and other LV3, LV4, 
LV5, LV6 in close status then find out the head loss on the 
nodes which are near the normal valve v1 to v4. 

 

Figure14: HL on nodes 
Valve v2 vary at 5 to 25 and V1=25, V3=V4= 10(setting).  
LV1, LV5, LV6   in Close status and LV2, LV3, LV4 in open 
status. In the fig 15 to find out the head loss on the valve V1, 
V2 ,V3, V4. 

 

Figure15: HL on valve 
 

Valve v2 vary at 5 to 25 and V1=25, V3=V4= 10(setting).  
LV1, LV6 in open status and other LV2, LV3, LV4, in close  
status.In the fig 16.find out the head loss on the valve 
V1,V2,V3,V4 

 

Figure16: HL on valve 
Valve3= 5 to 25(setting) Valve v3 vary at 5 to 25 and 
V1=25,V2=V4= 10(setting). LV1, LV2 in open status and 
other LV3, LV4, LV5, LV6 in close status. In the fig 17. to 
find out the head loss on the valve V1,V2,V3,V4 
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Figure17: HL on valve 

Valve v3 vary at 5 to 25 and V1=25, V2=V4= 10(setting). 
LV1, LV2 in open status and other LV3, LV4, LV5, LV6 in 
close status then find out the head loss on the nodes which are 
near the normal valve v1 to v4 

 

Figure18: HL on nodes 
Valve v3 vary at 5 to 25 and V1=25,V2,V4 set at 10 and 
LV1,LV2  in open status and other LV3,LV4,LV5,LV6 in 
close status then find out the head loss on the Pipes. 

 

Figure19: HL on Pipes 
Valve v3 vary at 5 to 25 and V1=25, V2=V4= 10(setting).  
LV1, LV5, LV6 in Close status and other LV2 , LV3, LV4 in 
open status. In the fig 20. to find out the head loss on the 
valve V1,V2,V3,V4 

 

Figure20: HL on valve 
Valve v3 vary at 5 to 25 and V1=25, V2=V4= 10(setting).  
LV1, LV6 in open status and other LV2, LV3, LV4,LV5 in 
close  status. In the fig 21. to find out the head loss on the 
valve V1,V2,V3,V4 
 

 
Figure21: HL on valve 

Valve4= 5 to 25(setting) Valve V4 vary at 5 to 25 and V1=25, 
V2=V3= 10(setting). LV1, LV2 in open status and other 
LV3, LV4, LV5, LV6 in close status. In the fig 22.to find out 
the head loss on the valve V1,V2,V3,V4 

 
Figure22: HL on valve 
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Valve v4 vary at 5 to 25 and V1=25,V2=V3= 10(setting). 
LV1, LV2 in open status and other LV3, LV4, LV5, LV6 in 
close status then find out the head loss on the nodes which are 
near the normal valve v1 to v4 

 

Figure23: HL on Nodes 
All the graphs show the HL in the different flow on the nodes, 
pipes and valves.  

VI. CONCLUSIONS 

This paper described easily detect the leakage through valves. 
We keep it up valve in active status and leak valve1 in open 
and other in closed status then to determine HL at valves, 
pipes and nodes. We can repeat this for leakage time to time. 
Also include pump for increase the pressure but our main 
motive is detect a leak when pressure is low it means leakage 
at node. In thisoptimize the head loss or pressure drop 
through EPANET tool to using Darcy weisbach equation 
method.EPANET water distribution network create at real 
map scenario.Many tools available for water supply network. 
We can easily implement architecture on this distribution 
network and practical to find out the headloss on the nodes 
and valves. In future, I have established a practical network in 
campus and optimize head loss. 
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