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ABSTRACT 

Water demand is the powerful force behind the hydraulic dynamics of water distribution systems. The most 

common method of loading a water distribution model involves the spatial allocation of demands. Water 

demand is directly proposal to pressure.  Pressure loss is the leading factor that contributes for energy loss 

in the pipeline. There are many factors affecting the pressure drop but distribution of water demand based 

on population is major issue, because design population can increasing or decreasing factor for the area. 

But it leads to overestimate in distribution of water. Therefore, there is need to determine current and future 

water demand of the area accurately. Most water distribution hydraulic software leverage the spatial 

analysis abilities of GIS software and use source data types such as geocoded  billing meter records, water 

production data, census tracts, land use zoning, traffic analysis zones, meter routes, and demand density 

information. 

 In the present study an integrated approach (Geospatial technology and Hydraulic software) had been 

useded for the assessment of water supply system within the campus of MANIT, Bhopal based on population 

based and land use based using EPANET hydraulic analysis software. For preparation of 

Landuse/Landcover(LULC) map using El-Shayal Smart web online software for extracting Google 

image(Digital Globe image). Extracting image upto zoom level 200 and saving it, and geo-referencing the 

image using 20 ground control points (GCP) taken by DGPS. It is observed that the suggested approach in 

the present paper for water demand based on land use has determined quiet accurate results for Water 

Distribution System (WDS). By preparing hydraulic model based on land use water demand, it may be 

possible to have even water pressure in the entire network. This would solve the problem of an uneven 

distribution of water like high water demand but low water pressure and vice versa.  

 

Keywords: Water demand, Hydraulic model, GIS, EPANET 

 

1 INTRODUCTION 

The constantly growing demand of water for the various activities such as Domestic, Agriculture, Industry, 

Irrigation etc, required large amount of water  (Thakur et al. 2011c) and due to climate change and erratic 

rainfall in successive years effect in considerable depletion of ground water this makes the problem more 

serious in Bhopal city particularly in semi-arid and hard rock terrains (Tabesh et al. 2010, Singh et al. 

2011b). Previously water supply systems were designed and built some decades ago. Therefore, water 

utilities are currently challenged to keep their systems operational, efficient and reliable so that water is 
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provided in sufficient quantity and quality to the populations. Pressure in water demand supply play an 

important role because without an adequate pressure to fulfilled demand at specific node is importance. 

Pressure control is never be solution because it increases the side effects such as leakage, busting and to 

some extended to water hammering (Zyoud 2003). Question arises to get the adequate pressure in water 

distribution system (WDS); it should be achieved by adopting suitable method for analysis, estimate water 

demand and distribution of water. Pasha  & Lansey (2005) conducted a study for effect of parameter 

uncertainty on water quality. Predictions in water distribution systems and found biggest uncertainties occur 

when flow patterns are altered. There are two approaches to solving the WDS. A first approach is Demand 

Driven Analyses (DDA) and other is Pressure Driven Analyses (PPA) (Jacobs and Strijdom 2009). In 

reality, discharge at a node depends on the pressure head available at the node depends on the node 

discharge. DDA is suitable for domestic water supply where consumer water demand is prime import and 

pressure is secondary but in PPA is exactly opposite DDA. PPA is method is used were pressure is driving 

force and water is secondary such as in industrial sector.    

   There are basically two ways to estimate water demand; Population based method and Land use method. 

Population based method is used for estimating the future development of any land or city with assess of 

competence of the supply. This method was used for chronological yearly water used rate based on the 

equivalent chronological population and setting their future trends in population that influence water uses. 

After evaluating the rate consumption then future consumption is fixed. The prime propose is to give an idea 

of consumption and trend of consumption. Such method is only for prediction and estimation of water 

demand for city (Laura et al. 2007). Water should be distributed in WDS by the land used method, which is 

the most accurate method, which fixed appropriate way of fixing the desired demand to the nodes. The 

nodes that is sensitive to the land use categories to simulate accurate computer modelling of the water 

system. This method uses the areas of current land use categories, which are defined in the areas of master 

plan and average water demand coefficients (Goulter and Kettler 1985, Foxon et al. 2000, Singh et al. 

2011a). For determining the average annual demand coefficient the consumption trend of different 

categories is maintain approximately about five years, based on this consumption by different categories of 

land use, then average water demand coefficient of the categories is fixed with respected to area used by 

category. For this, metering records are essential in the development of the current coefficients. The units of 

the coefficient are in the gallons per minute per acre (gpm/acre). This coefficient can be used directly to 

determine water consumption by multiplying the area used by the land use categories. Moreover, for the 

future development we can use it by anticipating the future growth in that area (Thomas et al. 2000). 

Geospatial technology refers to technology used for estimation, measurement, analysis and visualization of 

features or phenomena that occur on the earth (Thakur et al. 2011a). Geospatial technology includes various 

technologies specially related to mapping features on the surface of the earth by and are mainly remote 

sensing (RS), geographical information systems (GIS) and Differential Global Positioning Systems (DGPS) 

(Thakur et al. 2011b). By using remote sensing, high-resolution satellites images like CATOSAT, 

QUICKBIRD, IKONOS and SPOT can be used to study water supply network analysis. These high 

resolution satellite images are used for the LULC analysis of any terrain. Land use cannot be read and 

interpreted directly from satellite imagery. Therefore, it has to be inferred from the land cover seen in the 

area. Land use is a dynamic phenomena and it changes from one season to another. That why we use 

temporal spatial data for evaluating the change in terrain. Water demand is based on land use can change 

from seasonal to season. So, predict of the accurate water demand is difficult. GIS is the powerful tool in 

storing the spatial information as input, store, retrieve, manipulate analyze and output. All the land use 

information are store as spatial data base in the form of thematic maps and future analysis can be done using 

tool in ArcGIS 9.2. Differential Global Positioning System(DGPS) which is used is Magellan PROMARK3 

single band External Antenna - is used for marking the geographical (Lat/Long) of ground control point 
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(GCP). Then using this GCP’s geo-registration of satellite image is done. DGPS is also use for laying the 

precise Lat/Long of junction, pipes, valves pump and tanks on the field and thematic maps are built in Arc 

GIS 9.3. 

 

2. OBJECTIVES 

The following are the objectives of the research work 

• To estimate the water demand is very necessary in the water distribution system(WDS). Previously 

water demand was calculated using population based approach, but it fails when there is increase in the 

population leads unnecessary stress on the pipeline results in leakage and pressure drop. 

• To analysis the proper water demand based on LULC approach, using high resolution Google 

image(Digital globe) by help EL-Shayal Smart Web Online Software  

• To compare the both approaches. 

 

3. STUDY AREA AND DATA USED 

The present paper is a case study of Maulana Azad National Institute of Technology, Bhopal, in the capital 

city of state of Madhya Pradesh. The geographic extent of the study area is 23°11’30.44” to 23°27’39.96” N 

latitude and 77°26’32.86” to 77°27’59” E longitude with an average elevation of 523 m AMSL. ). 

Landuse/landcover(LULC) pattern and their areal extent within the campus are mapped with the help of 

satellite data (Geo Google image Fig. 1(a))and locations area marked (Table 1).Whole campus is divided in 

number of sector of houses (type - 1 to 9), Institutional, workshop, girls and boys hostel (Fig.1(b)). Water 

supply in the campus is maintained by two overhead tanks, a tank (100000 gallon, peisomentric head 24m) 

in Zone-1(It is represented Z1) and another tank (200000 gallon,peisometric head 20m) in Zone-2(It is 

represented Z2). And network detail is available in fig.1(c) All pipeline in network of C.I pipe roughness 

C=100 for analysis Existing system cannot be calibrated with given analysis methods due to practical 

problem. Pipeline network is about 50 year (approx) old there are high leakages and blockage in pipeline 

network, no documentation available for maintenance of network and Some connection of zone -1 in type 4 

is given from the Mains pipeline so there is high chance of pressure drop. The EPANET software (Rossman 

et al. 2000) is employed because of its availability, popularity and capability to be linked with GIS models, 

Developed by the Water Supply and Water Resources Division (formerly the Drinking Water Research 

Division) of the U.S.Environmental Protection Agency's National Risk Management Research Laboratory 

As an advantage, the EPANET software is able to simulate both hydraulic and quality of the system. 

 

4. METHODOLOGY 

The detail methodology adapted in the present work is shown fig. 2 Primary data is referred to easy 

available data such remotely sense data(satellite imagery, Ariel Photography). Secondary data is referred to 

spatial and non-spatial features location in terms (Latitude/ Longitude) collected from the ground using 

DGPS.First downloading image upto zoom level 200 using EL-Shayal Smart Web Online Software, Saving 

the image and Geo-referencing the image using 20Ground control points, then we get resolution of 0.38m. 

Preparing the base map and field verification we can preparation the LULC and other information store in 

ArcGIS 9.3 In the present study an integrated approach had been useded for the assessment of water supply 

system within the campus of MANIT, Bhopal based on population and land use method using EPANET 

hydraulic analysis software and GIS. The results are analysis in hydraulic software and then import results in 

ArcGIS using spatial analyst tool for drawing pressure contour and compared. 
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5. POPULATION BASED ANALYSIS 

Due to drastic increase in the number of residential block and expansion of academic blocks without any 

hydrological consideration and estimation of water requirement in future, the campus is facing acute water 

crisis. This is due to the unplanned & poor management of water distribution system such as leakage, 

pressure drop. The present status of campus in various blocks and center are summarized in table 2 and 3. 

All consumptions are calculated as per the international standard (IS) code 1172, 135 litre/capita/days. In 

this study, assumption of total number of members in each quarter type is equal to total number of quarters 

of that type multiplies by number of members in each quarter i.e. four  

Example Calculation: Demand at node Z1J96, which at type 8 and number of member in each quarter is 4 

member and number of quarters between Z1J96 is 4 and no hour of water supply is 1 hour. 

 

l/s  0.6
3600

135*4*4

3600

135*quarter  each in members of no * quarters of No
===Demand

 
Sample calculation of water demand at hostel No. 5 is supplied by node Z2J125 and duration of water 

supply is two hour (morning and evening). 

 

 

 

 

As per IS: 1172-1963, water supply requirements for the public buildings other than residences are 

summarized in table 4. 

 

6. Land use based methods 

To calculate the demand of water from land use information, subsequent parameter such as acreages of land 

use type, accurate water use patterns, and water use records are necessary. In the present study the exiting 

land use pattern and their actual utility shown in table 5. The estimated acreage for each land use type and 

average water demand coefficients are shown in table 6 and 7. The water demand by each land use category 

was calculated by the projected water demand factors. The factors were estimated by matching derived 

demands to actual consumption and production using an iterative process, starting with assumed water use 

factors (by acre and land use type), then comparing results to actual records. The water use factors were 

adjusted until a match was obtained between the derived and actual records and the total water usage at 

designated discrete (Laura et al. 2007). 

 

7. Results and Discussion  

Pressure contour plays an important role in water distribution system which can be developed by known 

topography and adjusted based on elevation of terrain. If the pump is provided, pump discharge head will be 

derived from the system pressures at the pump station and piping head loss. By considering these parameters 

within the area finally pressure contours are generated by inverse distance weight method using ArcGIS 

Spatial Analyst Tool. The observed results are mapped based on both the methods and their comparative 

results are shown in figure (3,4 & 5). 

Open all valve in the pipeline network, maximum negative pressure developed by population based method 

is 24.36 and but maximum negative pressure developed by landuse based method is 4.65 as shown in fig.3. 

Analyzed supply of water in campus as whole network as shown in figures by operating valve provide in 

Zone 1 and 2, there are two operating valve in each zones, one valve is open at each zone at a time, valve 2 

and 3 as shown in fig. 4(a) and fig 4(b), are open and rest all valve are closed the flow direction of water will 

l/s 4.9
3600x  2

x135 266

3600x  2

x135 hostel inStudent  of No.
===Demand
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be towards V.I, P Guest house in zone-1 and in zone-2 it will be towards boys hostel (table 8). As water 

supply is for fixed hour basis the results are shown with junctions whose minimum residual pressure is less 

than 4 m. 

Form the above study, by open valve 2 and 3 in Zone-1 and Zone-2 by population based analysis yield a low 

pressure towards the boys hostels area (table 8 & fig. 4&5)  the junctions of Z2J119, Z2J123, Z2J125, 

Z2J127, Z2J133, Z2J134, Z2J142, Z2J151, Z2J152 and Z2J153.  In case of land use method as shown 

(Table8 & fig.4&5 ), only at node Z2J123 suffers a low residual pressure, less than 4.  

Valve 1 and 6 are open, rest all closed as shown in fig. 6(a) and 6(b), water is allowed to flow towards type 

8-9 in zone-1 and  zone-2. It is towards institutional main building in the network. This problem is due to 

high demand and low pressure, water with high pressure is unable to reach towards type-9, then also land 

use based method analysis suffers less pressure drop as compare to population based method analysis (Table 

9 & fig. (6&7)). In this case a dual arrangement is provided for fulfilling the demand such as boring is also 

provided with non-returnable valve in a form of loop.  

 

8. CONCLUSION  

The present analysis has given stress on accurate prediction of water demand in WDS. Previously 

methodology adopted for estimate the water demand based on the population due to increase the population 

of area, also increase in stress in WDS. Result in pressure drop in WDS. In present work both approach, 

population based and landuse based method were analysis and pressure contour drawn for the network. The 

analysis were carried out under different operating condition Such as opening all value in network, actual 

operative condition first open value 2 & 3 and Second open value 1&6 of different zone 1&2. In all the case 

it has been found that landuse based approaches at different nodes has produced less residual pressure less 

than 4.  

The land use which is completely computer based GIS method to analyses scarcity of water, there is urgent 

need to monitor the available water resources with geospatial techniques using high resolution satellite 

image and long with extensive field survey for preparing land use mapping and geo data base in GIS will 

help in over come in fulfilling requirement of water. The hydraulic model in EPANET with ArcGIS for 

performing the spatial analysis need to be integrated for overlay network analysis with WDS parameters and 

there relation with other factor such as pressure drop for water demand and supply. The work carried out in 

the present paper for the analysis of water supply system of the campus can be used for the urban planners 

and municipal authorities, environmental engineers and water resource engineers for different water demand 

reducing situations and find out the site-specific implementation of these developments. 
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List of Tables 

Table 1: Existing land use categories calculate by ArcGIS of the study area. 

S. No. Land use Categories Total  Area in (sq.meter) Area in % 

2 V.I.P Guest house 356.281491 0.0181998 

3 Faculty Guest house 981.508577 0.0501381 

4 Type-1(2no) 625.3032 0.0319421 

5 Type-2(5no) 1237.399 0.0632097 

6 Type-3(38no) 3082.599 0.1574675 

7 Type-4(16no) 2850.389 0.1456056 

8 Type-5(16no) 1007.177 0.0514493 

9 Type-6(68no) 7445.002 0.3803109 

10 Type-7(48no) 2379.234 0.1215377 

11 Type-8(74no) 4122.54 0.2105905 

12 Girls Hostel 5017.272 0.2562958 
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13 Boys Hostel 13448.2 0.6869705 

14 Educational building 31251.58 1.5964155 

15 Type-9-ii(36no) 682.5367 0.0348658 

16 Type-9(36 no) 668.7049 0.0341592 

17 Graden and plantation 51420.55 2.6267012 

18 School 264.761 0.0135247 

19 Retail 253.497 0.0129493 

20 Public and semi public place 9472.853 0.4838990 

21 Play Ground 305471.7 15.604323 

 

Table 2: Quarter type their numbers and population in each building 

Quarter Type Total no. of quarters Total no. of members in each  quarter type 

1 2 8 

2 5 20 

3 38 152 

4 32 128 

6 68 272 

7 48 192 

8 74 296 

9 72 288 

Total Population 1176 (approx.) 

Total Water consumption 1, 58,760 litre /day 

 

Table 3: Number of students and per capita demands of water in hostel. 

Hostel no No of wings No of students Per capita demand (lit) Total demand (lit) 

1 2 215 135 29025 

2 2 290 135 39150 

3 2 295 135 39825 

4 2 287 135 38745 

5 4 266 135 35910 

6 4 264 135 35640 

7 - 261 135 35235 

NRI - 50 135 6750 

Total consumption of hostels 259735.0 lit/day 

 

Table 4: Water supply requirements for various purposes (As per IS: 1172-1963) 

S. 

No 
Building 

Consumption per capita per day 

(litres) 

1 

 

a) factories where bathrooms are required to be 

provided 
45 

b) factories where no bathrooms are required to be 

provided 
30 

2 

 

Hospitals per bed  

No of beds not exceeding 100 No. 340 
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 No of beds exceeding 100 No. 450 

3 Nurses homes and medical quarters 135 

4 Hostels 135 

5 Offices 45 

6 Restaurants (per seat) 70 

7 Hotel (per bed) 180 

8 

 

 

Schools  

a) Day Schools 45 

b)Boarding Schools 135 

9 Garden ,Sports ,grounds 35     Per Sqm. 

10 Animal/Vehicles 45 

 

Table 5. Existing land use categories their area under water utilities 

S. 

N

o 

Land use Categories Plinth 

Area 

(Sqm) 

Gross 

Area 

(acre) 

Gross 

Area 

(acre) 

Acutal 

Area 

(Sqm) 

Actual 

Area 

(acre) 

1 Zone-1 (Type-1 & 2) 1862.70 13585.14 3.35695

2 

6792.57 1.678476 

2 Zone-2 (Type-3 ,4 & 5) 6940.16 36977.88 9.13741

0 

18488.94 4.568705 

3 Zone-3 (Type-6 & 7) 9824.23 13132.73 3.24516

0 

6566.365 1.622580 

4 Zone-4 (Type-8,9 & 9-ii) 5473.78 26136.63 6.45848

5 

13068.31 3.229243 

5 Educational Building 23858.5 23858.53 5.89555

6 

23858.53 5.895557 

6 Total Workshop Area 13349.3 15799.76 3.90419

6 

9479.856 2.342517 

7 Garden And Plantation 51420.6 51420.55 12.7062

6 

16042.34 3.964140 

8 School 264.761 264.761 0.06542

3 

264.761 0.065423 

9 Retail 253.497 253.497 0.06264

0 

253.497 0.062640 

1

0 

Public and semi public place 9472.85 9472.853 2.34078

7 

3605.874 0.891028 

1

1 

Guest House(VIP and Faculty) 1337.8 16820.61 4.15645

2 

2126.77 0.525535 

1

2 

Play Ground, open area and 

other area 

 1743963.

5 

430.941

6 

1743963.

5 

430.9417 

 Total  Area 1951686.

44 

482.6288 
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Table 6:  Water demand calculation based on land use in Zone-1. 

S. 

N

o 

Land Use Category du. du/ 

acre 

Area(sq 

m) 

Area(Acre

) 

Avg. 

Water 

Demand 

Coeff. 

(gpm/acre) 

Water 

Demand 

(gpm) 

Water 

Demand 

(L/S) 

1 V.I.P Guest House      1050 0.259460 0.85 0.220541 1.00346417 

 2 Zone -1(type-1 and 2) 7 4.56 6567.86 1.622953 0.5 0.811476 3.69221971 

3  Zone-2 (Type-3,4 and 5) 70 5.36 18488.94 4.568717 0.75 3.426537 15.5907469 

 4 Zone-3(Type-6 and 7) 116 8.92 6566.365 1.622584 0.85 1.379196 6.27534477 

 5 Zone-4(Type-8 and 9) 146 23.8 13068.31 3.229251 1 3.229251 14.6930934 

6 Girls Hostel     5017.27 0.99 1.1 1.363774 4.51 

7 School      234.76 0.058010 0.85 0.049308 0.22435547 

8 Retail     253.5 0.062641 0.1 0.006264 0.02850175 

9 

Public and semi public 

place     2793.7 0.690338 0.1 0.069033 0.31410396 

10 Garden     10851.52 2.681469 0.1 0.268146 1.22006851 

Total Water  Consumption in Zone-1 10.82353 45.981 

 

Table 7: Water demand calculation based on land use in zone-2 

S. 

No 

Land Use Category Area 

(sq.m) 

Area(Acre) Average 

Water 

Demand 

(gpm/acre) 

Water 

Demand 

(gpm) 

Water 

Demand 

(L/S) 

1(a) Main Building(All Department) 12915.97 3.1916060 0.85 2.712865 12.3435363 

1(b) Main Building 7288.092 1.8009269 0.1 0.180092 0.81942176 

1(c) Public and semi public place 812.174 0.2 0.1 0.02 0.091 

2 
Main Building(Computer Centre 

&IT) 
1211.17 0.2992866 0.85 0.254393 1.15749114 

3 Main Building(Energy Center) 1410.245 0.3484791 0.85 0.296207 1.34774317 

4 Sport Complex(SPA) 4462.626 1.1027390 0.85 0.937328 4.26484314 

5 Canteen 1164.79 0.2878259 0.85 0.244652 1.1131667 

6 Facuility Guest House 976.77 0.2413651 0.8 0.193092 0.87856914 

7 Work Shop 1785.05 0.4410955 0.1 0.044109 0.20069846 

8 Medical Centre 1003.34 0.2479307 0.1 0.024793 0.11280849 

9 Carpenter Room 990.44 0.2447430 0.1 0.024474 0.1113581 

10 Boys Hostel(1-4) 7902.817 1.9528288 1.1 2.148111 9.77390821 

11 Boys Hostel(5) 2651.343 0.6551611 1.1 0.720677 3.27908176 

12 Boys Hostel(6) 2894.041 0.7151331 1.1 0.786646 3.57924157 

13 Type-4 565.8063 0.1398138 0.75 0.104860 0.47711458 

14 Main Garden 9202.8 2.2740616 0.1 0.227406 1.03469805 

15 Garden(Computer Centre &IT) 4026.032 0.9948542 0.1 0.099485 0.4526587 

TOTAL CONSUMPTION in ZONE-2 8.999195 41.0363393 
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Table 8: Pressure (suffers a low residual pressure, less than 4) and demand at different node by population 

based and Landuse methods when valve 2 and 3 are open. 

Node 

Population  based method Landuse based method 

Demand (l/s) Pressure(m) Demand (l/s) Pressure(m) 

Z2J119 2.54 3.74 - - 

Z2J123 2.54 1.44 3 2.2 

Z2J125 2.54 3.67 - - 

Z2J127 2.54 1.4 - - 

Z2J133 0.24 3.58 - - 

Z2J134 0.24 3.6 - - 

Z2J142 2.54 2.14 - - 

Z2J151 2.54 3.06 - - 

Z2J152 2.54 2.37 - - 

Z2J153 2.54 1.89 - - 

 

Table 9: Pressure(suffers a low residual pressure, less than 4)  and demand at different node by Population 

based method when valve 1 and 4 are open 

Node (ID) 
Population Based Method Landuse Based Method 

Demand (l/s) Pressure(m) Demand (l/s) Pressure(m) 

Z1J86 1 -9.04 0.8 3.83 

Z1J87 1 -10.54 1 3.62 

Z1J88 1 -13.06 1 2.79 

Z1J89 1 -13.38 1 3.09 

Z1J90 1 -13.16 0.03 3.87 

Z1J91 1.2 -13.34 1 3.89 

Z1J101 3.6 1.21 - - 

Z1J102 3.6 -0.49 - - 

 

 

 

List of Figures:- 

 
                       (a)                                                          (b)                                                           (c)            

Fig.1(a) Shows MANITGoogle image(Digital Globe), 1(b)  Landuse/Landcover of MANIT & 1(c) Zonal 

1&2 and network details of MANIT 
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Fig 2 : Flow chart showing detail methodology apply in GIS environment for data integration 
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Fig 3(a)                                       Fig 3(b) 

Fig 3(a) and 3(b): Pressure contours in network based on  population based & Land use method when all 

valves open. 

 
Fig 4(a)                                               Fig 4(b) 

Fig 4(a)&4(b): Pressure contour in network based on Landuse & population based method when only 2
nd

  

valve in zone-2 and only 3
rd

  valve in zone-1 are open and rest all valves are closed. 

 

 
Fig 5. Pressure and demand at different node by Population based and Landuse based method when valve 2 

and 3 are open. 
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Fig 6 (a)                                                  Fig 6 (b) 

Fig 6(a) and  6(b): Pressure contour in network based on Land use and Population based method when only 

2
nd

  valve in zone-1 and only 4
th

  valve in zone-1 are open and rest all valves are closed. 

 

 
Fig 7.  Pressure and demand at different node by Population Based and Land use based method when valve 

1 and 4 are open. 


