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Abstract: Water supply systems are essential infrastructure designed to deliver adequate
quantity and pressure of water to meet consumer demands efficiently and sustainably. In rural
regions, however, these systems often suffer from ageing infrastructure, uneven distribution,
and insufficient service levels. Godumbare village, home to 565 residents, reflects such typical
rural water challenges. Residents face irregular supply due to low pressures, outdated
pipelines, and lack of proper hydraulic balance. A focused study was conducted to identify the
root causes behind these shortcomings using field surveys and technical analysis. Key issues
such as high head losses up to

77.13 m/km in ESR 1 and 65.82 m/km in ESR 2 and critically low-pressure heads as low as
0.72 m and 2.07 m respectively, were observed, especially in tail-end areas. Model Calibration
through on- site measurements confirmed these findings, indicating the reliability of the

diagnostic methods used. This paper demonstrates how a data-driven assessment can support
targeted improvements in rural water distribution networks, enhancing long-term service
delivery and equity.

Key Words: Rural water supply, Head loss gradient, Pressure head, Hydraulic modeling,
Field validation, Water distribution network

I.LINTRODUCTION

India, despite receiving an average annual rainfall of around 1170 mm, faces significant challenges in ensuring
equitable water access across rural and urban regions. Seasonal variability, inadequate storage infrastructure, and ineffective
distribution systems are the main causes of the ongoing paradox of water abundance versus scarcity. The sustainable
management of available water resources becomes crucial as the population and agricultural demands grow. One of the main
development objectives of the Jal Jeevan Mission, which strives for "Har Ghar Jal" (water to every home), is to ensure fair
distribution and access to clean water.

The effectiveness of water supply networks is essential to achieving accessible availability of sufficient and safe
water. Water delivery with adequate pressure, low loss, and operational dependability is guaranteed by a well-planned and
maintained water distribution network (WDN). However, in rural areas, these systems frequently have antiquated designs,
inadequate monitoring, and limited capacity to adjust to changes in the terrain or population. Hydraulic modeling and
simulation become effective tools for comprehending and enhancing water networks in this context. Hydraulic models assist
in identifying leak-prone areas, visualizing pressure zones, and simulating real-time performance under various conditions by
combining pipe characteristics, consumer demand, and terrain data.

When combined with digital elevation models (DEMs) and G1S-based spatial data, hydraulic simulation software
such as Water GEMS provides useful information about pressure losses, gravity-driven flows, and network optimization.
Engineers are able to propose redesign strategies that are both economical and in line with field realities thanks to this
integration. Furthermore, better accuracy and relevance are ensured by calibrating simulation outputs with on-ground surveys,
especially in rural areas that are remote or underserved, where design assumptions frequently deviate.

This study focuses on Godumbare village in Maharashtra, which is situated along the perennial Pawna River.
Despite having a lot of natural water resources and receiving a lot of rainfall, the village still has problems with water
distribution. Low pressure, irregular water supplies, and occasionally total service interruptions are common problems for
residents in downstream areas. Due to these shortages, a large number of households gather water straight from the river,
which adds to their workload and puts them at risk for health problems.

The aim of this study is to identify the inefficiencies in the current rural water distribution system. Technical analysis
and field observations identify a number of underlying causes, including inadequate elevation of the Elevated Service
Reservoir (ESR) and limited storage capacity, the widespread use of small-diameter, highly resistant Galvanized Iron (GI)

Published By: Fifth Dimension Research Publication www.fdrpjournals.org/ijire 24|Page


http://www.fdrpjournals.org/ijire
http://creativecommons.org/licenses/by/4.0/

GIS-Based Hydraulic Analysis and Redesign of Rural Water Distribution System: A Case Study

pipes, an increase in unapproved household connections, and flow distortion from suction pump use. Slope irregularities in
some places also interfere with pressure uniformity, which is especially problematic for tail-end users.

" An effective household water distribution network is essential for ensuring reliable access to clean water, a
fundamental requirement for sustaining life and promoting public health (Yadav, M., 2024). According to a different study,
"field validation is rarely performed in remote village modeling, creating gaps between simulation and ground reality"”
(Udhane et al., 2018). Building on these conclusions, the current study integrates household-level surveys, GIS-based spatial
data, and Digital Elevation Models (DEMs) to assess the technical performance of water network of Godumbare. In contrast
to previous research, this study places a strong emphasis on on-site model calibration to guarantee that the suggested redesign
is both community-specific and compliant with CPHEEO (1999) guidelines.

Objectives of Study

1. To study the topography & conduct a consumer survey to understand issues with the existing water distribution network.

2. To evaluate the existing water distribution network of study area to identify the causes of pressure drop in the pipeline.

3. To design and analyse a rehabilitated water distribution network to overcome the pressure drop issues with the existing
network.

ILSTUDY AREA

Godumbare is a small village in Maval Taluka, Pune district, Maharashtra, India. The village is roughly located at
18°44'38.7"N, 73°32'14.5"E. It is situated next to the Pawna River, which is the main supply of water for agriculture and
household purposes. An average of 2,200 mm of rain falls on the village each year, which greatly increases the amount of
surface water available. With a total area of about 2.74 km2 and an elevation difference between 585 and 615 meters, most
places can support a gravity-based water supply system without the need for pumping.
Two Elevated Service Reservoirs (ESRs) supply the village, specifications given in table 1:
e ESR 1: Capacity of 15,000 Liters, serves around 252 people.
e ESR 2: Capacity of 25,000 Liters, serves the remaining 313 residents.

Godumbare Godumbare Village Map
Taluka: Mawal

District: Pune

Despite favorable topography and sufficient rainfall, the village experiences distribution issues, suggesting
internal infrastructural deficiencies. The natural slope and water head are technically adequate for gravity-driven distribution.
Godumbare is located approximately 32 km from Lonavala, the nearest city, and is accessible via State Highway 47 (SH-47)
and connected further through Pune-Mumbai Expressway, making it moderately accessible for logistical and maintenance
operations.

The specification of ESR highlights that, the storage capacity of ESR 1 is less than ESR2 and staging height is also
less shown in Table 1.

Table 1: - Specifications of ESR1 and ESR 2.

ESR No. Capacity Staging Height Tank Height Total Height Population
(Liters) (Meters) (Meters) (Meters) Served
ESR 1 15,000 6.10 3.05 9.15 252
ESR 2 25,000 9.14 3.05 12.19 313

The current system was installed more than a decade ago and comprises Gl (Galvanized Iron) pipes of small
diameters (25-63 mm). Water is pumped from the Pawna River to the ESRs using electric motors, and distribution is designed
to operate on gravity.
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IHI.METHODOLOGY

A systematic approach was used to address Godumbare village's uneven and insufficient water supply. In order to
gather baseline data on water usage, timings, and pressure problems, the process started with thorough household surveys.
The viability of gravity- based distribution was evaluated using terrain mapping and elevation data. To identify structural
inefficiencies, the current network layout which includes pipelines and reservoirs was examined. Under real-world demand
scenarios, important technical parameters such as head loss, flow velocity, and pressure head were assessed. Confirmation
of simulation accuracy was aided by field Model Calibration at specific locations. By identifying the underlying causes, such
as pipe under sizing and pressure imbalance, this multi- step process made it possible to implement well-informed redesign
measures.

Consumer Data DEM & Contour
& Elevation Pl QGIS Processing il Generation

Collection

Analysisof [ v'"d:;:',’: with g WaterGEMS

Results

Modeling

Observations

Figure 2 Methodology Flow chart

IV.WORK FLOW
Following steps have been carried out to analyse existing water distribution network using Water GEMS:
1. Field Survey:

To assess the operational and physical characteristics of the water supply system in Godumbare village, a thorough
field survey was carried out. ESR heights, capacities, and efficacy in supporting their respective command areas were
evaluated by the survey. To assess source conditions and pump performance, site visits were conducted to the Pawna River
intake and pump. A mix of older Gl and more recent PVC lines were discovered when pipe diameters and materials
were confirmed on-site. Low pressure areas, leaks were noted. In order to validate gravity flow assumptions, elevation
differences were manually verified.

2. Consumer and Elevation data Collection:

Elevation data collected using Google Earth application and ground levels of various points have been taken. These
elevation data is crucial for developing DEM and contour of village. Also, it is important for applying elevations to all nodes
using Trex tool in WATERGEMS. Consumer Survey Form created in google forms application to get information of water
supply hours, water quality, water quantity, people in each family etc. as shown in Table 2 below.

Table 2: - Consumer Survey Form

Sr. Parameter Summary / Observations
No.
1 Total Number of 113 (Including both ESR 1 and ESR 2 zones)
Households Surveyed
2 ESR Distribution ESR 1 (15000 Liters) and ESR 2 (25000 Liters)
3 Common Supply Duration 0.5 to 2 hours daily (many households report less than 0.5 hours)
4 Water Pressure Status Mostly satisfactory in low-rise houses; frequent pressure drops observed,

especially at distant houses or multi-story homes.

5 Water Quality Status Majority reported Clean and Clear water; few complaints of Slightly Muddy or
Muddy/Smelly water, especially in ESR 2 region.
6 Tap Connection Majority of houses have tap connections; a few houses reported no taps and
Awvailability direct use from connections.
7 Number of Floors Mostly Ground floor houses; few 2-storey houses, especially around ESR 2
supply area.
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8 Pipe Diameter Majority connections are with 2-inch main pipes and 0.5-inch individual
connection holes.

- Unauthorized motor use
9 Issues Identified - Broken taps leading to wastage
- Some houses directly tapping from main lines causing pressure drops

10 Elevation Influence Higher elevation houses (altitude ~600 m) experience more pressure issues,
especially near ESR 1 supply area.

- Some families share connections (multiple families from one tap)
11 Special Observations - No clear distribution zoning (DMA missing).
- ESRs quite old; ESR 1 servicing a larger population than its designed capacity.

Analysis of the Table 2 is given below:

o Water Pressure Distribution Analysis:

Low water pressure is a problem for many homes, particularly during the supply hours. Good pressure reaches
nearby the ESRs, small pipes at the tail ends could be the reason of the low pressure. To ensure that all homes, particularly
those at tail end levels, receive enough water, these pressure problems must be fixed. In figure 3, analysis of water pressure
distribution feedback is given.

Water Pressure
Not
satisfacto
ry, 39,
35%
Satisfactory,
73, 65%
L] &
Not satisfactory Satisfactory
Figure 3 Water Pressure Information.
o Water Quality Analysis:
Water Quality
100
86
80
60
. 22
S
N :
[¢b]
g o I
£ Slightly ~ Cleanand Muddy or
G muddy clear smelly
g Water Quality
£
4

Figure 4 Water Quality Information.

The consumer survey data analysis shows that water quality in households was good, others complained of issues
like muddy water and an unpleasant Odor. Old pipes and irregular water supplies may be the cause of these problems. In
addition to raising health issues, poor water quality reduces public trust in the water system. In figure 4, the analysis of water
quality feedback is given.
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o Water Taps Analysis:

Most households have more than one tap, increasing overall water use. Due to rough use or poor quality, many taps
break frequently. Broken taps increase supply system pressure and waste water. Estimating actual household demand was
made easier with the help of tap data. In figure 5, analysis of water tap data is given.

Water Taps

M Provided mNot provided

Figure 5 Water Taps Information.

¢ Building Floor Information Analysis:

The majority of residences in the study area are with single-storied structures. The upper floors of multi-story
homes frequently experience low pressure. Some households' use of private pumps affects the pressure in neighboring
homes. In figure 6, analysis of building floor information is given.

House Stories

3 Story, 1,
1%

1 Story,
95, 85%

®m 1 Story m2story m3 Story

Figure 6 Building Floor Information.
3. QGIS Processing
Household points were digitized and attributed with demand and elevation data. Pipeline network was drawn, and
nodes were created at junctions and connection points. Shapefiles were prepared for Water GEMS model Building process.
The input data about existing water supply pipelines is as shown in Table 3 for designing pipeline and the final
design of network is shown in figure 7.
Table 3: - Input diameters for pipeline design in QGIS

Total pipe length (m)
Diameter
(mm) ESR 1 ESR 2
(15000 lit) | (25000 lit)

254 43 113
38.1 171 22
50.8 371 212
63.5 - 344
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Figure 7 Final result of designing of existing network in QGIS software

In the figure 7, the green dots are connection points, red and and blue lines are pipelines from ESR 1 and ESR 2,
red dots are ESR points, as given in legend box.

4. DEM & Contour Generation

DEM was created using Global Mapper based on Google Earth elevations. Digital Elevation Model (DEM) of
village created with contours at 1-meter intervals were generated to understand terrain influence on gravity-based flow as
shown in figure 8.

DEM Godumbare

= LINE

DEM2

B Band 1 (Red)
B Band 2 (Green)
W Band 3 (Blug)

o 1 2 3 4 5 6 7 8 9 10}

Figure 8 Digital Elevation Model of Godumbare village.

We can see how the land slopes throughout the village from the DEM. It illustrates the higher and lower areas, the
natural flow of water, and the best locations for tanks and pipes. Seeing potential low-pressure areas and potential water
collection or runoff areas is also helpful.

5. Water GEMS Modelling

Model Builder tool is used to build models for two ESRs which are having unique water supply pipeline with unique
population serving. ESR 1 serves for 252 people and ESR 2 serves for 313 people of village as per table 1. Figure 9 and 10
showing the existing pipeline network as per diameters after model builder in Water GEMS software.

Published By: Fifth Dimension Research Publication www.fdrpjournals.orgf/ijire 29|Page


http://www.fdrpjournals.org/ijire

GIS-Based Hydraulic Analysis and Redesign of Rural Water Distribution System: A Case Study

Water_Propect wig 10 %

Buse 2025 wHe-eexne.

Color Coding Legend
Pipe: Diameter (mm)

\/ <= 254
4
<= 38.1
:’ — <= 508
{ —_— Other
Figure 9 Existing network of ESR 1 supply area.
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Figure 10 Existing network of ESR 2 supply area.

In figure 9 and 10, red colour shows 25.4 mm diameter pipelines, yellow colour shows 38.1 mm diameter, green
colour shows 50.8 mm diameter, blue colour shows 63.5 mm diameter.

6. Model Calibration with Field Observations:

Manual pressure readings and bucket flow tests verified network problems in particular regions where people have
given feedback as low water pressure in Consumer Survey. These findings were used to detect pressure drops and confirm
the accuracy of the simulation output especially at the network's tail-end users and close to the ESRs.

1) Manual Pressure Head Test

¢ A pipe was connected directly to consumer connections.

¢ The height to which water rose in the pipe was measured (1 m, 2 m, etc.) to assess pressure head at that location.
¢ This test was repeated at houses where survey responses reported unsatisfactory pressure.
[ ]

The observed pressure heads at tail-end areas were low, validating the model’s output showing low hydraulic grade
lines in these zones.
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2) Bucket Flow Test
o A 11-liter bucket was used to measure discharge rate.
o Water was allowed to flow freely into the bucket, and the time to fill was recorded using a stopwatch.

e Flow rate was calculated as:

Lit 11
o Flow (—) = —
S Time (Seconds)

e Results were compared with modelled velocities in Water GEMS.
The Pictures below in Figure 11 showing the both field validation tests conducted to match the feedback of people
with simulation results given by Water GEMS software.

Figure 11 Model Calibration through field tests.
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V.RESULT
1. Existing Network
ESR 1 shows critical performance issues such as low pressure and high head loss, especially in downstream sections.
These results confirm consumer survey findings and support the need for system redesign or pressure management
interventions as shown in table 4.

Table 4: - Existing Network Results of ESR 1.

Results ESR 1
Maximum Minimum
Pressure Head (m) 5.68 0.72
Head loss Gradient 77.134 0.027

(m/Km)

ESR 2 exhibits overall better hydraulic performance with acceptable velocity and pressure values. However, pressure
imbalance remains an issue as shown in table 5.

Table 5: - Existing Network Results of ESR 2.

ESR 2
Results Maximum Minimum
Pressure Head (m) 11.30 2.07
Head loss Gradient 65.82 1.29
(m/Km)

The findings from table 4 and 5 indicate that Godumbare village's present water distribution system is not operating
effectively. As water passes through the pipes, a significant amount of pressure is lost due to the excessively high head loss
gradient. In addition, the pressure head at ESR1 and ESR2 is extremely low, particularly for homes that are farther away
from the tanks. This satisfies Objective 2 of identifying system limitations by demonstrating that the current system is unable
to deliver consistent and adequate pressure to all users. In support of Objective 3, which seeks to enhance the network through
improved sizing, layout, and pressure management, these problems amply demonstrate the necessity for redesign and
optimization.

2. Redesigned Network

A Flow Control Valve (FCV) was installed downstream of ESR 1 and ESR 2 in the redesigned WaterGEMS model
with increased pipe diameters to regulate discharge. This ensured consistent flow, stabilized pressures, and prevented water
wastage as shown in figure 12 & 13.

The changes in pipeline diameter are given in table 6.

Table 6: - Total pipe lengths (m) for Existing and Redesigned Network w.r.t diameter.

Total pipe length (m)
Diameter (mm) ESR1 ESR2
Existin Redesigned| Existin Redesigne
9 9 d

25.4 43 - 113 -
38.1 171 - 22 -
50.8 371 275 212 113
63.5 - 92 344 -
76.2 - 217 - 105
88.9 - - - 227
101.6 - - - 247
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Table 6 having lengths of pipelines as per diameter in existing network and in redesigned network as shown in

figure 9, 10, 12 and 13.

The results of redesigning model with increased pip diameter, use of flow control valve at the initial of ESR are
satisfactory and are within CPHEEO guidelines as shown in Table 7 and 8 and the redesigned networks of ESR 1 and ESR

2 are given below in figure 12 and 13.
Table 7: - Redesigned Network Results of ESR 1.

ESR 1
Results Maximum Minimum
Pressure Head (m) 11.38 6.30
Head loss Gradient (m/Km) 6.23 0.01

Water_Project wig
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' Fov-8
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o

x

Color Coding Legend
Pipe: Diameter (mm)

254
<= 38.1
50.8
= 635
76.2
Other

Figure 12 Redesigned network of ESR 1 supply area.

Table 8: - Redesigned Network Results of ESR 2

ESR 2
Results Maximum Minimum
Pressure Head (m) 20.98 7.90
Head loss Gradient 291 0.05

(m/Km)
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System performance was greatly enhanced by a revised model as shown in figure 12 and 13 that included Flow
Control Valves (FCVs) and larger pipe diameters. For ESR 1, the head loss gradient decreased from 20.542 m/km to 1.81
m/km, and the average pressure rose from 19.57 KPa to 94.32 KPa. The head loss gradient decreased from 29.75 m/km to
1.48 m/km, and the average pressure of ESR 2 increased from 58.14 KPa to 157.18 KPa. All households will receive fair,
effective, and sustainable water delivery as a result to these upgrades, which also comply with CPHEEO regulations.

VI.CONCLUSION

The study finds that the use of undersized pipelines, especially in downstream sections of ESR 1, is the main reason
for the current water distribution network's insufficient pressure. Low-pressure zones and high head loss gradients were
confirmed by simulation results that closely matched field validations. Pressure stabilization and enhanced hydraulic
performance were attained by redesigning the system with larger diameter HDPE pipes and adding flow control valves,
bringing all parameters within allowable CPHEEO limits. Also, people use suction pumps which cause pressure difference
and people after that connection not get a single drop of water. So, the awareness about water use, illegal pumping should
provide to them.
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