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ABSTRACT    

To satisfy the increasingly growing population's water demand, it is necessary to provide adequate and consistent 

quantities of water across the planned pipeline network. The scarce water resources must be planned scientifically 

and proper water distribution network can play an important role in managing non-revenue urban and rural water 

management. In the present work, we have applied the EPANET model for analyzing the water distribution system 

for a small place in Ranchi, Jharkhand. The results showed that the pressures at all junctions and the flows at all pipes 

are sufficient to provide adequate water for the design network. The maximum pressure was observed to be 30.04 m 

and the flow was also quite reasonable for transporting the water to the consumers. The study demonstrated the 

application of EPANET for analyzing a water distribution system and should be used to check non-revenue urban 

and rural water management.
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INTRODUCTION

Water is a natural resource essential to maintain life and ecological systems, and a vital resource for economic and 

social growth. Different water resources projects have been initiated to promote the secure supply of rural water and 

sanitation over the years. Water demand is growing continuously due to population growth, industrialization, 

urbanization and improved living standards. Future increases in the size of the world's urban population are 

expected to be highly concentrated in just a few countries. Together, India, China and Nigeria will account for 35% 

of the projected growth of the world's urban population between 2018 and 2050. By 2050, it is projected that India 

will have added 416 million urban dwellers, China 255 million and Nigeria 189 million (UN DESA, 2018). Water 

occupies almost 70% of our planet earth but the freshwater availability is incredibly rare. Only 3% of the world's 

water is freshwater, and two-thirds of that is in frozen glaciers or otherwise unavailable for our use. Around 1.1 

billion people worldwide lack access to water and a total of 2.7 billion face water scarcity for at least one month of 

the year. Inadequate sanitation is also a problem for 2.4 billion people. Therefore, this scarce natural resources must 

be planned scientifically. Water distribution systems provide an uninterrupted supply of pressurized safe drinking 

water to all consumers.

Distribution of drinking water into distribution networks is both quantitatively and qualitatively a technical 

challenge. This is because a tremendous amount of treated potable water is under-used or over-used due to faulty 
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design of a distribution system. Specific losses are the physical losses of the distribution network, which include 

leakage, overflow storage and unaccounted water use. With a growing population, particularly in the urban areas of 

developing countries, it is becoming more difficult to find new water supplies either from surface or groundwater 

sources to provide the water required in terms of both quantity and quality. It is of utmost importance to recognize 

sources of water supply, their conservation and optimum use. 

The water distribution system is a portion linked to the customer by the sources of water supply. It is a careful 

conveyance system which allows water to be moved by piping before reaching the tap of the user. Water delivery 

networks are typically owned and managed by municipal bodies such as cities but are run irregularly by a business 

enterprise. Water shortage in India's Jharkhand state has been a regular occurrence for about a decade during 

summers. Water pumps and wells start drying up before the summer season begins and rivers remain large sand lines 

until mid-summer. Most of the state's rivers have dried up from early April month. As such people living in river 

basin areas are facing an acute water crisis and those dependent on bore wells are forced to drink mineral-rich 

concentrated water due to significant decline in groundwater levels at various locations in the state.

The EPANET has been applied for efficient planning, design and implementation of urban infrastructure water 

source and delivery networks (Kumar and Mariappan, 2011; Adeniran and Oyelowo, 2013; Marchi and Simpson, 

2013; Nallanathel et al., 2016; Ramana et al., 2015; Halagalimath et al., 2016; Gajbhiye et al., 2017). Geographical 

Information System (GIS) was also integrated with EPANET to verify the pipe network model (Ramesh et al., 

2012). The EPANET model has been used to determine the discharges, hydraulic gradient levels, and nodal 

concentrations to design water distribution systems for many small areas (Harshan et al., 2018; Suribabu et al., 2019; 

Kantha et al., 2019; Jaggi and Kaushik, 2019). A water distribution network is a hydraulic infrastructure that 

transmits water to consumers from the source. For the anticipated demand conditions, the most critical element in 

the implementation of a water supply scheme is to fulfil customers' expectations over the whole career underneath a 

range of quantities and standard specifications.

In the present research work, hydraulic analysis of a rural area (Patrayur in Khuti block of Ranchi, Jharkhand) water 

distribution network was taken up by using EPANET Software. The study aims at developing a 24 × 7 water delivery 

system for the whole area using EPANET, developed by the US Environmental Protection Agency. The current 

study would present a model-based method of minimizing water delivery system hydraulic losses. The EPANET is a 

computer program that simulates hydraulic and water quality behaviour over a prolonged time within the 

Pressurized systems of pipes. The key feature of the research is the analysis of the water delivery network and the 

detection of shortcomings in its design, operation and application.

MATERIALS AND METHODS

Description of Study Area

Patrayur is located in Khunti District of Jharkhand State, India. Latitude and longitude of Patrayaur are 22° 55' 

54.68'' N and 85° 06' 40.31'' E, respectively. The normal annual rainfall is 1500 mm. Maximum rainfall has been 

observed from June to October months within the study area.  January is observed to be the coldest month with the 
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mean daily maximum temperature at 22° C and the mean daily minimum temperature of 7°C. From February both 

day & night temperature increase rapidly till May which is the hottest month of the year with mean maximum 

temperature at 41° C. Karo River and its connecting drainage basin are the main drainage system of this area. 

Location of the study area is shown in Fig.1. The main crop group in the district are paddy, maize black gram, and 

mustard. Patrayur is fully covered with a hand pump, as there is no piped water supply scheme in the study area, it 

can be treated as partially covered. Presently water supply to the village is provided from hand pumps with a service 

level of 40 lpcd. The water of the hand pump is observed to be safe for drinking.

Fig. 1 Location map of study area

Population Forecasting

The design of the water distribution system takes care of the estimated future population of the study area. The 

present and past demographic statistics of the study area were taken from the demographic reports of censuses. The 

population was estimated by using different methods taking into account the development trend. Population 

Forecasting Techniques are Arithmetical Increase Method, Geometrical Increase Method and Incremental Increase 

Method. In Arithmetic increase method, population rise is seen as stable from decade to decade. The estimated 

population under Geometrical increase method yields higher results because the percentage rise never stays 

constant, instead declines as the growth of the place approaches saturation. Incremental increase method reflects 

both the average arithmetical method and the average geometric method. The average rise over each decade is found 
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from the census data over the last few decades. The increment is then contained in each decade. The mathematical 

details can be found in any standard text-book. As per census data of 2011, the average growth rate in the decades 

2011 for the state of Jharkhand is 2.239 % per year. It is assumed that the same will be continued for further decades. 

Hence as per population increase @ 2.239%, the probable population of the study area was found to be 655 for the 

year 2045 from Geometrical Increase Method. The consumption rate was considered as 70 lpcd along with losses.

Distribution System and Design Approach

The distribution system is graded as a pumping system, gravity system and dual system according to the methods of 

distribution. Common delivery network systems are Gridiron system, Dead-end system, Radial system and Circular 

system (Adeosun 2014). The topography of the study area was derived by using the digital elevation model (DEM).  

Meetings with stakeholders confirmed the findings in the field. Identification of the source of water and population 

forecasting is an important parameter of the model. The complete layout of the pipe network was developed and 

used as input to the EPANET model. Analysis of the data was carried out and finally, the network was developed 

with EPANET. Later, nodes i.e. tanks, junctions and reservoirs were identified and connected with the links (a pipe, 

pump and valves). Links parameters were edited appropriately and the program was run and tested for any drop in 

the pressure. If required, pumps are suggested to be added to achieve the design pressure across the distribution 

network. Finally, the analysis was made for the distribution of hydraulic parameter using MS Excel. Detail 

methodology is shown in Fig. 2. Due to friction with the pipe walls, the hydraulic head lost by water running into a 

pipe can be determined using one of three different methods such as Hazen-Williams formula, Chezy-Manning 

formula and Darcy-Weisbach formula incorporated within the EPANET model. Mathematical descriptions are not 

included in the paper. The hydraulic analysis of junction and pipe of water distribution networking system was 

carried out for 24 h of water supply. The water distribution model consists of 20 pipes, 18 nodes and one main 

overhead tank. The roughness coefficient of the cast iron pipes was taken as 145 and chosen diameter were 75mm, 

71mm and 59mm which were used throughout the network. 

Fig. 2 Flow chart of Methodology
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Demand Estimation

A system comprises of pipes, nodes, pumps, valves, and reservoir. EPANET measures the flow of water into each 

stream, the pressure at every node over a simulation cycle consisting of several time periods. EPANET offers an 

interactive platform for editing input data from the network, running tests of hydraulic and water quality, and displaying 

the results in different formats. The number of houses in every grid was counted using the topography map. The 

approximate 5 members per household and the consumption per person is 70 lpcd were taken (WHO/SEARO, 2005). 

Total demand per day was estimated at 26180 L. There were 17 junctions identified in the study area and the number of 

people depending on each node and their base demand for water is illustrated in Table 1. 

Table 1 Base demand of water for each junction 
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Junction 
ID

 

No of people/  Node

 

Base Demand (l/min.)

1

 

36

 

1.749

2

 

36

 

1.749

3

 

30

 

1.458

4

 

20

 

0.972

5

 

28

 

1.36

6

 

28

 

1.36

7

 

20

 

0.972

8

 

24

 

1.166

9

 

15

 

0.729

10 16 0.777

11 12 0.583

12 24 1.166

13 18 0.874

14 24 1.166

15 18 0.874

16 10 0.486
17 15 0.729

Fig. 3 Input map of study area
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RESULTS AND DISCUSSIONS

Analysis of Nodes

The water demand distribution of the node was analysed at 6:00, 10:00, 13:00, and 17:00. Figure 4 (a, b, c, d) shows the 

demand distribution of the nodes at 6:00, 10:00, 13:00, and 17:00, respectively. At 6:00, peak water demand was 

obtained as 3.5 liters per minute (lpm) and minimum demand was observed as 0.95 lpm (though it is a peak time). 

Similarly for 10:00, maximum demand was 2.19 lpm and minimum as 0.61 lpm, at 13:00, peak demand was 0.87 lpm 

and the minimum was noted as 0.24 lpm. During the evening hours at 17:00, it was 3.5 lpm and 0.97 lpm as a peak and 

minimum water demand of nodes, respectively. Figure 5(a, b, c, d) shows the variation in pressure at nodes during 

different time intervals such as at 6:00, 10:00, 13:00, and 17:00, respectively. At 6:00 in the morning, the maximum 

pressure is 29.99 m and a minimum 18.73 m, at 10:00, maximum is 30.02 m and the minimum is 18.75m. Similarly at 

13:00, it was observed to be 30.04m and 18.76m and for 17:00, maximum was noted as 29.98 m and the minimum 

pressure is 18.73 m. All the nodes show sufficient and adequate pressure. No extra pump is required. 

Fig. 4. Distribution of water demand at different hours
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(a) Distribution of demand at 6:00 hrs. (X-axis: Demand in 
lpm and Y-axis: Percent of nodes less than 
 

(b) Distribution of demand at 10:00 hrs. 

 

(c) Distribution of demand at 13:00 hrs. 

 

(d) Distribution of demand at 17:00 hrs. 
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Two centrifugal pumps with 10hp power are being used. Two overhead tanks with a capacity of 50,000 litres are in place 

for storage. During the daytime hours (morning and evening), the water demand was higher than the other time. The 

various nodes display different pressure differences and water demand. The demand was greater at nodes 1, 2, 3, and 5 

as compared to other nodes. The pressures on node 12, 13, and 14 are quite higher because of its elevation. The water 

distribution system is equipped with a mixture of gravity and pumping system, as the water is first taken out using 

centrifugal pumps from underground water reservoirs, and then raised to the overhead water tanks. Later water was 

transferred to the main rising pipe with the support of the gravity system.

Fig. 5. Distribution of water pressure at different hours

Analysis of pipe

Figure 6 (a, b, c, d) shows the flow distribution of the pipes at 6:00, 10:00, 13:00, and 17:00, respectively. At 6:00, the 

peak flow was obtained as 36.34 lpm and minimum flow as 0.97 lpm. Similarly for 10:00, the maximum flow was noted 

as 22.71 lpm with the minimum flow as 0.61 lpm, at 13:00, peak flow was 9.09 lpm and minimum as 0.24 lpm. The 
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maximum peak of 36.34 lpm was observed at 17:00 with the lowest flow of 0.97 lpm. The negative sign of flow 

indicates only the direction of flow. Similarly, the velocity distribution plot was derived between velocity (m/s) 

and percent of links less than.  The maximum velocity was recorded as 0.15 m/s and minimum as 0.1 m/s at 6:00. 

Further, velocity distribution was noted as maximum 0.15 with minimum velocity is 0.01 at 17:00. The maximum 

head loss was obtained as 0.46 m/km at 6:00 and 17:00. 

Fig. 6. Distribution of water flow rate at different hours

CONCLUSIONS

In the present paper, the EPANET was applied to analyze and design the water distribution system for a small area 

in Jharkhand. The base demand was estimated considering the population forecasted, and the entire hydraulic 

network was analyzed. During the morning and evening hours, the water demand was noted higher. The various 

nodes display different pressure differences and water demand. The demand was greater at nodes 1, 2, 3, and 5 as 

compared to other nodes. The pressures on node 12, 13, and 14 are quite higher because of its elevation. The water 

distribution system is equipped with a mixture of gravity and pumping system, as the water is first taken out using 

centrifugal pumps from underground water reservoirs, and then raised to the overhead water tanks. Later water 
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was transferred to the main rising pipe with the support of the gravity system. The water head and measured pressure 

were adequate to withdraw the real water demand within 24hrs. The negative flows in some of the pipes indicate that 

the flow is in the opposite direction and all the velocities were also within the safe limits. The maximum pressure 

was observed to be 30.04 m and the flow was also quite reasonable for transporting the water to the consumers. The 

study demonstrated the application of EPANET for analyzing a water distribution system and should be used to 

check non-revenue urban and rural water management.
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