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Abstract

Water distribution systems constitute a vital part of civil infrastructure. The purpose of a water distribution system is to ensure
the supply of water to users at specified demands. The main objective of the research works is to study the exiting water supply
system of Bawaliyari village, Taluka Dholera, source of the water and then planning water distribution system using ArcGIS.
This paper addresses the use of ArcGIS for mapping and planning water distribution network. GIS based tools will be used for
the digitization of village (polygon), water distribution network (polyline) and nodes (point) which are important from the water
distribution point of view. Two tools have been used i.e.3D analyst & Spatial analyst for extracting elevation information from
Shuttle Radar Topography Mission (SRTM) image at various locations of the village including Nodes’ locations which has been
used to create a contour map of the village and there after fixing the location of the Elevated Service Reservoir (ESR). Data
generated in ArcGIS such as topography, nodes’ elevation, length of the pipe etc., can be used for designing the efficient and
economical water distribution system as they can been readily imported as input files for the hydraulic simulation models like
EPANET, Water CAD and Water GEMS as well as the programs like Branch and Loop.
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I. INTRODUCTION

Water is one of the fundamental necessities for sustaining life on the earth for all living entities. Man needs water for many of his
activities in day to day life. Initially Man used to live nearby water bodies such as rivers, lakes etc. The water distribution system
consists of several components such as intake, pumping, transmission, treatment, storage, distribution network etc. Rainfall is the
main source of water. This is, however, unequally distributed spatially and temporally and is also limited. Lots of money is spent
every year around the world for providing or upgrading drinking water facilities 80-85% of the cost of a water supply project is
used in the distribution system. Unheard-of increase in population, urbanization, agricultural expansion and industrialization lead
to higher levels of human activities. Water supply system (WSS) is a complex system that integrates several spatial features.
Therefore, it is needed to use multi- support information system to have capability of storing; managing and analysing the large
data set. The world has a long history of GIS application in planning and resource management dating back to the mid-1960s.
The application of GIS in spatial planning support tools have an important advantage through changing the valuation standards to
visually illustrate and depict where the implications of different spatial decisions and alternatives are convenient. The capabilities
needed for decision making readily available in a single system make GIS a great tool for integrating in planning processes. GIS
provides functions for development and preparation of accurate spatial information for input to network design optimization
models. It also facilitates post optimization spatial analysis and graphical output display for evaluating results. Given the time
and spatial variability of parameters such as water-distribution network layout, all inputs for hydraulic simulation model like
node elevation, Length of pipes, location of ESR, the GIS can perform Georeferencing of map, extract a node elevation from
DEM, determination of length of pipe and create topographic map of the study area. Such feature data sets are used to generate
effective colour graphic display of accurate results for the planning of water distribution system.

Il. STUDY AREA

Bawaliyari village is situated on Dholera-Bhavnagar highway (SH-6). This village is a part of Dholera Taluka of Ahmedabad
District. The latitude and longitude of the village are 22°4° 26” N and 72° 6’ 56” E respectively as shown in figure 1. (Google
image has been used for the digitization of village polygon and water distribution network).
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The maximum temperature was recorded about 40 degrees Celsius in the month of June and the minimum temperature was
recorded about 19 to 21 degrees in the month of January. Dholera region have a semi-arid climate, with hot, dry summer from
March to mid-June, the wet monsoon season from mid-June to October where the city receives around 586 mm of rain on
average. Due to proximity to the sea, the climate remains a bit humid throughout the year.

111.DATA COLLECTION AND METHODOLOGY

The topographical map (46B) of the area has been collected from Survey of India, Gandhinagar.

Geo-referencing of the SOI toposheet and google image has been done using geo-referencing tool of ArcGIS.
Village shape file (Polygon feature), Water distribution Pipeline Network (Polyline features) and Nodes (Point features)
are prepared digitizing the google map and SOI toposheet. (Fig.1)
The Digital Elevation Model (DEM) of the study area is prepared using SRTM image and village polygon feature.
(Fig.2)
Spatial Analyst tools have been used to extract elevation values at Node locations from DEM. The length of each
pipeline can be calculated easily as the data sets have been geo-referenced in UTM (Universal Transverse Mercator) co-
ordinate system.
Spatial and 3D Analyst tools have been used in creation of triangulated irregular network (TIN) using elevation data
from DEM. This TIN file is then converted into Raster. The raster contour set is then converted into feature class.
The location of ESR (Elevated storage Reservoir) has been planned at highest elevation point to take advantage of
natural head. This will also help in reducing the cost of ESR by minimizing the height of it.
Table — 1:

GIS tools and its use

No. Name of Tool Function of Tool

1. | Geo-referencing | To Geo-correct toposheet and images

2. Extraction To extract elevation data from DEM
3. 3D-analyst To create TIN and raster file
4. Spatial analyst To create contours from raster
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Fig. 2: Digital Elevation Model for the Study Area

The DEM of the village was prepared using SRTM image and the village shape file which will extract the image as per

feature shape and decide the area of interest for further analysis.
As the SRTM data sets were in Geographic Coordinate system and feature data sets require in Sl units, the DEM was

converted to UTM system of co-ordinate prior extracting elevation values.
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Fig. 3: Location of Nodes
The Google image was first geo-referenced using GCS and as the length of pipeline is required in Sl unit, the projection of the
image was converted from GCS to UTM prior generation of feature class. This has helped in getting the pipeline length between

the nodes in Meters.
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Fig. 4: Elevation Map of Study Area
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The elevation data have been extracted from DEM to generate topographic map of the area and plan water distribution

network and location of ESR.

The elevation data at nodes were used to make TIN file using 3D analyst. This TIN file was converted to raster dataset to have

2-dimension elevation map of the study area.
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Fig. 5: TIN Map of Village

Using conversion tool, the reaster elevation data were converted to feature class (Polyline). This will be used to plan the

efficient water distribution network.

Bawaliyan village

Fig. 6: Topographic map of the study area

The locations of ESR and water distribution network have been planned using topographic map of the village. As the Google
image and water distribution network have the UTM co-ordinates it will provide the length in SI units in Attribute table which is

shown in Table no.2.
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Fig. 7: Water Distribution Network & ESR Location
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IV.RESULT & DISCUSSION

The main objective of the current research work was to delineate elevation data at node locations, length of individual pipe
segment of water distribution network and finalising location of ESR without visiting the actual site and carrying out tachometric
surveying.

The attribute table containing the elevation data of nodes and lengths of pipe segments have been shown in Appendix A at the
end.

V. CONCLUSION

Using Arc Map and its tools, geo-referenced features such as Nodes, Water distribution network, village polygon, ESR location
and topographic contours have been created in no time. As the data which have been created are geo-referenced, such method is
very useful for designing and planning of Water main feeding various villages with great accuracy. Moreover, the data which
have been created can be easily incorporated in the Hydraulic Simulation software such as EPANET, WaterCAD and
WaterGEMS. Also this method can be used for precise designing of the Sewage Collection Network across the village or the city
and locating Sewage treatment Plant.
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APPENDIX A ATTRIBUTE TABLE-2

Sr.No. | Node no. | Elevation(m) Node no. ‘ Length(m)
From To
1 1 14 Reser. 2 40
2 2 13 1 36 94
3 3 13 1 32 139
4 4 13 1 29 56
5 5 11 2 37 101
6 6 8 2 3 68
7 7 8 3 16 20
8 31 11 3 4 14
9 30 11 4 38 98
10 14 12 4 5 100
11 15 13 5 6 78
12 16 13 6 46 67
13 10 10 6 7 70
14 9 7 7 8 93
15 10 9 7 31 54
16 11 10 31 30 50
17 12 10 30 14 96
18 13 12 14 13 58
19 17 11 14 15 29
20 29 11 15 16 23
21 32 11 8 9 82
22 33 8 9 24 149
23 34 8 9 10 110
Total Length 1689
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