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Abstract 
 
In India, with ever increasing population and stress on natural resources, especially water, rejuvenation of 
rainwater harvesting (RWH) technique which was forgotten over the days is becoming very essential. Large 
number of RWH methods that are available in the literature are demand specific and site specific, since 
RWH system depends on the topography, land use, land cover, rainfall and demand pattern. Thus for each 
and every case, a detailed evaluation of RWH structures is required for implementation, including the analy-
sis of hydrology, topography and other aspects like site availability and economics, however a common 
methodology could be evolved. The present study was aimed at evaluation of various RWH techniques in 
order to identify the most appropriate technique suitable for a large scale industrial area to meet its daily wa-
ter demand. An attempt is made to determine the volume of water to be stored using mass balance method, 
Ripple diagram method, analytical method, and sequent peak algorithm method. Based on various satisfying 
criteria, analytical hierarchy process (AHP) is employed to determine the most appropriate type of RWH 
method and required number of RWH structures in the study area. If economy alone is considered along with 
hydrological and site specific parameters, recharging the aquifer has resulted as a better choice. However 
other criteria namely risk, satisfaction in obtaining required volume of water for immediate utilization etc. 
has resulted in opting for concrete storage structures method. From the results it is found that AHP, if used 
with all possible criteria can result in a better tool for evaluation of RWH methods and structures. This RWH 
structures not only meets the demand but saves transportation cost of water and reduces the dependability of 
the industry on irrigation reservoir. Besides monetary benefits it is hoped that the micro environment inside 
the industry will improve due to the cooling effect of the stored water. 
 
Keywords: Rain Water Harvesting, Analytical Hierarchy Process, Large Scale Industrial Area, Aquifer  

Recharge, Surface Storage Structures, Concrete Storage Structures 
 
1. Introduction 
 
The increasing growth in population, industrialization 
and urbanization is causing severe impact over the water 
resources. The overexploitation of natural water re-
sources has already created environmental problems all 
over the world. In India, conflicts on river water sharing 
between the states have already started. One of the major 
solutions to meet ever increasing water demands would 
be storing the available rainwater through rainwater har-
vesting techniques (RWH) [1]. The term RWH implies 
conservation of rainwater where it falls [2] which was  

also an age old tradition in India [1]. The recorded evi-
dence of water harvesting is found in Harappan and pre 
Harappan civilizations dating back to 4000 to 6000 years 
[3]. However with the changing world and moderniza-
tion, with construction of large scale reservoirs and water 
supply schemes, concept of RWH has lost its presence in 
middle era. Recently the increasing water demand, non- 
availability of space for large reservoirs, and its subse-
quent problems have forced to revive the concept of 
RWH.  

An overall review on RWH can be seen in Boers and 
Ben-Asher [4]. Throughout the world many Govern-
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mental and Non-Governmental organizations have pre-
pared and issued guidelines regarding RWH [5–8]. Fairly 
a good number of site specific and case studies based 
RWH literature is available [9–23]. Most of the above 
studies concluded that RWH is one of the best methods 
to solve the serious problem (situation) of catering the 
increasing water demand, also for Governments it is the 
drought relief programs. Various types of RWH methods 
and structures are available in India (Table 1), however 
the choice of any RWH structure is very site specific and 
depends on topography, rainfall, runoff, demand, land 
use pattern and land availability. Almost all RWH stud-
ies are aimed at providing good source of water or aug-
menting irrigation supply or improving the watershed 
development. Until now in most of the studies, selection 
of particular type was purely based on hydrological and 
economic criteria rather than other satisfying criteria. In 
India, RWH has high potential in large scale industrial 
sector, where large area is available for RWH. Besides 
various advantages, the major benefits of RWH in an 
industrial area are: the end use of harvested water is lo-
cated close to the source, eliminating the need for com-
plex and costly distribution systems. Rainwater has zero 
hardness eliminating the need for a sophisticated water 
treatment process. It can reduce the dependency of the 
industry on irrigation reservoirs, it is also hoped that this 
RWH will improve the micro environment inside the 
industry and contribute to self sufficiency of the industry 
in its BLUE ENERGY (water power) leading to sustain-
able development.  

In the present study, the main aim is to identify an ap-
propriate RWH structure for a large scale automobile 
industry in India. The first step in designing any RWH 
structure is to determine the volume of water to be stored. 
In this case it was achieved using four methods namely; 
mass balance, Ripple diagram, analytical and sequent 
peak algorithm methods. The most appropriate RWH 
method and number of RWH structures for the given 
volume of water from various alternatives has been de-
termined using analytical hierarchy process (AHP). The 
alternatives are evaluated against 16 (quantitative and 
qualitative) attributes to select an appropriate method and 
number of RWH structures. 
 
2. Materials and Methods  
 
2.1. Study Area  
 
A large scale automobile industry situated near Nasik 
(Igatpuri), Maharashtra, India is considered for the study. 
Presently the industry is purchasing water from an irriga-
tion reservoir (Talegaon dam, situated approximately 2 
km on the south of the factory) owned by Maharashtra 
Jeevan Pradhikaran, Government of Maharashtra. The 
factory is situated in a tropical wet climatic region and 

receives an average annual rainfall of 2983 mm. Hence 
there is scope for reducing the expenditure on water 
through RWH, and also chances of reducing the de-
pendency on the irrigation reservoir. The industry has a 
total plot area of 253,000 m2 (25.3 ha) with a total built 
up area of 46,500 m2 (the main factory alone). The area 
is moderately undulating with hard rock sub-surface 
overlaid by a soil cover ranging from 2 to 3 m. The pre-
sent water consumption of the industry is 6,616 
m3/month leading to an annual demand of 79,392 m3. 
The present annual expenditure (based on slab rates) on 
water is Rs. 3,652,032 (1USD = Rs. 45). 
 
2.2. Rainfall Analysis over the Study Area 
 
For the present study, 34 years (1971-2004) of daily rain-
fall data pertaining to Igatpuri rain-gauge station has 
been obtained from India Meteorological Department 
(IMD), Pune. The summary of the rainfall analysis is 
depicted in Table 2. The region receives an average an-
nual rainfall of 2,983 mm occurring over 103 rainy days. 
The highest observed rainfall over 34 years is 4,205 mm 
during the year 1994 and minimum is 2,083 mm during 
the year 2000. 95% of the annual rainfall occurs during 
the South West monsoon (June to September). Since the 
rainy days are more during the monsoon months they 
show high spread and low peak. From Table 2 it can be 
seen that the month of July receives highest rainfall in a 
year, 1061 mm and with no rainfall during March. The 
rainfall has very low spread and high peakedness during 
the low rainfall months, (November to May) the reason 
being less number of rainy days. All the rainfall in the 
low rainfall month occurs in just 2 to 3 day leading to 
low spread and high peakedness.  

The average daily rainfall at the study area for the past 
34 years is shown in Figure 1, indicating the variation of 
the daily rainfall within a year. Figure 2 shows annual 
rainfall over Igatpuri region along with number of rainy 
days in a year. Over the past 34 years the area has seen a 
maximum of 124 rainy days in 1993 and minimum of 78 
rainy days in the year 1972. This daily and monthly 
rainfall data has been used in estimating the volume of 
water to be stored in order to meet the daily water de-
mand throughout the year.  
 
2.3. Volume of Water to Be Stored through RWH 
 
With basic calculations, the volume of average annual 
rainwater available from the roof top area of 46,500 m2 
with a runoff coefficient of 0.9 (average rainfall of 2,983 
mm) is 124,838 m3, whereas the annual demand is 
79,392 m3 only. This shows that the runoff available 
from the single roof top of the industry alone is sufficient 
to meet the annual water demand. In this case, the supply 
is more than the demand, thus it is necessary to find the  
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Table 1. Classification of RWH structures. 

Sr 
No 

Topography Main feature
Rainwater harvesting struc-

ture 

1 
Forest and 
hilly areas 

Undulating 
surface, 

vegetative 
cover 

1. contour trenching 
2. vegetative barriers 
3. gulley control structures 
4. catch pits 
5. percolation ponds 
6. water spreading 

2 Plain areas 

Gentle 
slopes, very 
low undulat-
ing surfaces 

1. percolation ponds 
2. injection wells 
3. furrow ditches 
4. infiltration galleries 
5. ducts 
6. anicuts across streams 
7. minor irrigation tanks 
8. farm ponds 

3 
Coastal and 
desert areas 

Sandy soil. 
High infiltra-

tion 

1. infiltration galleries 
2. sub surface check dams 
3. percolation ponds 
4. canals 

4 
Built up 

areas 

Higher per-
centage of 
impervious 

surface 

1. temple tanks 
2. rooftop harvesting 
3. wells and radiator wells 
4. parking lot storage 
5. recreational park ponds 

 
Table 2. Statistical properties of the rainfall data. 

Month 
Average 
rainfall 
(mm) 

Std 
Deviation 

(mm) 
Skewness Kurtosis 

January 2.27 6.31 2.85 7.44 

February 0.02 0.11 5.48 30.00 

March 0.00 0.00 0.00 0.00 

April 2.71 10.76 4.14 17.34 

May 21.41 65.06 4.78 24.53 

June 496.78 247.92 0.39 -0.25 

July 1061.21 280.87 0.43 -1.00 

August 926.07 323.98 0.55 0.48 

Septem-
ber 

368.94 238.94 0.27 0.73 

October 78.66 72.94 0.80 -0.54 

Novem-
ber 

22.86 41.38 2.04 3.43 

December 2.51 6.08 2.32 4.17 

Annual 2983 385.2 2.38 6.29 

 
techno-economical size of the RWH structure. With this 
as the first objective, the four different methods namely 
mass balance method, Ripple diagram method, analytical 
method, and sequent peak algorithm method were em- 

 

Figure 1. Average daily rainfall at Igatpuri station. 
 

 

Figure 2. Annual rainfall and number of rainy days in a year 
at Igatpuri. 
 
ployed to determine the volume of water to be stored. 
 
2.4. Choice of RWH Structure 
 
Once the volume of water to be stored is determined, the 
next step is to select the appropriate RWH structure, 
Analytical Hierarchy Process (AHP) is used for this 
purpose. The selected RWH structure should have two 
important characteristics: first one is assured quantity of 
water at any given time, second is good quality of water. 
Based on the topography and economics of the study 
area, three broad RWH structures are considered for de-
tailed AHP analysis, they are: 
 RCC water tanks: these are the closed structures with 

no seepage and less evaporation losses, least interfer-
ence with atmosphere. They can provide reliable water 
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supply with good quality with appropriate amount of 
treatment. But usually the construction costs are very 
high. 

 

 Surface storage: these can be useful to store surface 
runoff effectively. They have lower construction cost 
but prone to seepage and evaporation losses. Also as 
they are open to surrounding environment and prone 
to various contaminations and biological activities. 

 Ground water recharging: these are effective if suffi-
cient good aquifers available. These have least cost, 
but the storage capacity depends on many external 
factors. 
The above alternatives have their own advantages and 

disadvantages over others. The other points to be consid-
ered are reliable supply, water quality etc, instead of just 
going with cost benefit analysis, for this purpose one of 
the multi criteria decision making processes AHP is 
used. 

Figure 3. Mass balance representation of storage volume. 
 
3.1. Mass Balance Method  
 2.5. Analytical Hierarchy Process (AHP) 
In this method the basic assumption is that the demand in 
rainy (wet) months is met by supply (runoff) during same 
months. To meet dry months demand, water has to be 
stored during the rainy months, thus the storage capacity 
should be at least equal to the total water demand during 
dry months. Figure 3 shows the average daily rainfall 
and runoff from rooftop. Assuming the runoff coefficient 
as 0.9; the runoff from rooftop was estimated using ra-
tional method, with appropriate units the equation used 
for rational method is as follows: 

 
AHP is a general theory of measurement used to derive 
ratio scales from both discrete and continuous paired 
comparisons [24]. It is used to determine the relative 
importance of a set of activities or criteria. The novel 
aspect and major distinction of this approach is that it 
structures any complex, multi-person, multi-criterion and 
multi-period problem hierarchically. Using a method for 
scaling the weights of the element in each level of the 
hierarchy with respect to an element (e.g., criterion) of 
the next higher level, a matrix of pair wise comparisons 
of the activities can be constructed where the entries in-
dicate the strength with which one element dominates 
another with respect to a given criterion. This scaling 
formulation is translated into a principal eigen value 
problem which results in a normalized and unique vector 
of weights for each level of the hierarchy (always with 
respect to the criterion in the next level), which in turn 
results in a single composite vector of weights for the 
entire hierarchy. This vector measures the relative prior-
ity of all entities at the lowest level that enables the ac-
complishment of the highest objective of the hierarchy. 

Q = CiA                  (1) 

where, Q – runoff, C - runoff coefficient, i - rainfall in-
tensity and A - rooftop area 

The shaded portion in Figure 3 is the deficit volume in 
meeting the demand, this much of volume needs to be 
stored in the water rich period. Table 3 elaborates the 
monthly mass balance method. Since 95% of runoff oc-
curs in four months (June, July, August, and September) 
the demand in these four months is met by the rainfall in 
these months. However the demand of remaining eight 
months should be met by the stored water in these four 
months. From Table 3 it is seen that the demand for eight 
months is 52,928 m3, hence the size of the reservoir 
should be 52,928 m3 or atleast 50,761 m3 (as the ex-
pected runoff during dry months is 2167 m3). 

 
3. Results and Discussions 
 
As indicated earlier the primary objective of the study is 
to select an appropriate RWH method and number of 
RWH structures for the industry which satisfies the hy-
drological, technical, economical and satisfaction criteria 
along with the implementable or amenable solution by 
the industry. For this purpose first the volume of water to 
be stored is assessed based on the prevailing hydrologic 
(rainfall-runoff) condition and demand in the industrial 
area. Then the appropriate method is selected using AHP 
based on satisfying criteria, the results are as follows: 

 
3.2. Ripple Diagram Method 
 
This method considers the difference between the de-
mand and supply over the period of time. To find out this 
difference, cumulative runoff is plotted against time. 
Cumulative demand is plotted and then superimposed on 
this graph starting from the peak of the dry period. If 
more peaks are available, the cumulative demand line 
may be started from each peak. Maximum difference  
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Table 3. Result of mass balance method. 

 Month Rainfall (mm) runoff (m3) Demand (m3) 
% of total  

runoff 
cumulative % 

runoff 
Total Demand (m3) 

1 June 496.78 20790.2 6616 16.651 16.651 

2 July 1061.21 44411.5 6616 35.57 52.221 

3 August 926.07 38756 6616 31.04 83.261 

4 September 368.94 15440.1 6616 12.366 95.627 

26,464 

5 October 78.66 3292.06 6616 2.637 98.264 

6 November 22.86 956.83 6616 0.766 99.03 

7 December 2.51 104.9 6616 0.084 99.114 

8 January 2.27 94.86 6616 0.076 99.19 

9 February 0.02 0.84 6616 0.001 99.191 

10 March 0 0 6616 0 99.191 

11 April 2.71 113.41 6616 0.091 99.282 

12 May 21.41 896.01 6616 0.718 100 

52,928 

 
between the supply and demand over the period of time 
is the capacity of RWH structure. This method considers 
two main assumptions:  

1) if N years of data is available, the inflow and de-
mands are assumed to repeat in cyclic progression of N 
year cycles;  

2) the reservoir is assumed to be full at the beginning 
of dry season. 

Figure 4 elaborates the procedure of Ripple diagram 
method. The maximum deficit works out to be 53,409 m3, 
and is the volume of water to be stored. 
 
3.3. Analytical Method 
 
In this method, the surplus or deficit for each time period 
is estimated and the cumulative is calculated. If there is a 
shift from surplus to deficit or vise versa in a time period, 
the cumulative is started afresh. Sample calculation for a 
year (1971) is given in Table 4. The same procedure has 
been followed for all the years (34 years) individually as 
well as continuously to take care of carry over storage. 
The cumulative deficits are listed to find the maximum 
deficit, the maximum deficit works out to be 53,409 m3 
which is same as that of Ripple diagram method. 
 
3.4. Sequent Peak Algorithm Method 
 
This is a variation of the basic mass curve method to 
facilitate graphical plotting and handling of large data. In 
the sequent peak algorithm a mass curve of cumulative 
net flow volume against time (or residual mass curve) is 
used. This net flow is estimated using Equation (2). 

NFt = Rt – Dt              (2) 

where, NFt-Net flow volume during the period t, Rt–Runoff 
volume during the period t, and Dt-Demand volume during 
the period t. 

 

Figure 4. Ripple diagram method adopted. 
 

Cumulative net flow for 34 years is plotted against 
time as shown in Figure 5. For any peak P1, the next fol-
lowing peak (P2) of magnitude greater than P1, is called a 
sequent peak. The lowest point between P1 and P2 is 
called trough T1. Likewise the sequent peaks Pi and 
troughs Ti can be found and the required RWH structure 
capacity (Si) is estimated as: 

Si = Max of (Pi – Ti)  i = 1,2,…,n    (3) 

It is evident from Figure 5 that the demand is less than 
the supply, thus the cumulative net flow is getting accu-
mulating over the years. Values of peaks and troughs 
were found out from the graph and the differences were 
calculated. The maximum difference is 53,408.79 m3 and 
therefore the minimum volume of water to be stored 
should be 53,409 m³. 

 
3.5. Appropriate Volume of Water to Be Stored 
 
The comparative volume of rain water to be stored re- 
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Table 4. Analytical method – sample calculations for the year 1971. 

Month Rainfall (mm) runoff (m3) Demand (m3) Surplus (m3) Deficit (m3) 
Cumulative 
surplus (m3) 

Cumulative 
deficit (m3) 

January 0 0 6616  -6616  -6616 

February 0 0 6616  -6616 0 -13232 

March 0 0 6616  -6616 0 -19848 

April 0 0 6616  -6616 0 -26464 

May 41 1715.85 6616  -4900.15 0 -31364.15 

June 769 32182.65 6616 25566.65  25566.65 0 

July 922 38585.70 6616 31969.70  57536.35 0 

August 1118 46788.30 6616 40172.30  97708.65 0 

September 912 38167.20 6616 31551.20  129259.85 0 

October 22 920.70 6616  -5695.30 0 -5695.30 

November 0 0 6616  -6616 0 -12311.30 

December 0 0 6616  -6616 0 -18927.30 

 

 

Figure 5. Results of Sequent peak algorithm method. 
 

Table 5: Summary on volume of water to be stored 

Method Reservoir capacity (m3) 

Mass balance method 52928 

Ripple diagram method 53409 

Analytical method 53409 

Sequent peak algorithm 53408.79 

 
sulted from various methods to meet the demand is given 
in Table 5. From the above calculations and Table 5, it is 
clear that the volume of water to be stored should be 
53,409 m3. For further calculations the reservoir capacity 
is considered as 55,000 m3. 
 
3.6. Analysis of Appropriate RWH Method  

Using AHP 
 
The above mentioned (Section 2.4) three alternatives 

RWH structure are evaluated against 16 attributes listed 
below using AHP. The initial AHP values for all the 16 
attributes against the three alternative RWH techniques 
are shown in Table 6. Description of these attributes is 
given below. Attribute A1 to A7 are qualitative attributes 
while A8 to A16 are quantitative attributes.  

1) Certainty of storage estimate is the confidence level 
by which estimated storage capacity of the structure can 
be trusted. The highest weightage is given for the struc-
ture which has maximum certainty in storage capacity 
estimation. The tanks are precisely designed to store 
stipulated volume of water and hence have maximum 
certainty in the estimate. In case of surface water storage 
large number of field surveys needs to be carried out to 
estimate the storage capacity. In case of ground water 
recharge it is extremely difficult o estimate the capacity 
of the aquifer and hence it is most uncertain of all. Thus 
the RCC tank has given maximum priority in calculating 
the final attribute matrix (Table 7). 

2) Location / physical conditions is the location feasi-
bility including the physical conditions like topology, 
subsurface structure etc. The study area has moderately 
undulating surface and more than 20 ha of open land is 
available. There is ample space available to construct a 
tank. Two locations are available for the construction of 
surface storage structures. The sub-surface strata mainly 
comprises of hard rock. This makes it very difficult for 
water to percolate, if aquifer recharge method is used. 
Thus for this attribute the tank has highest priority while 
ground water recharge has lowest priority. Surface stor-
age has slightly less priority than that of tank. 

3) Inspection and repairing feasibility is the feasibility 
to inspect the structure and to repair in case of any dam-
age. The part of the tank above ground level is very easy 
to inspect and repair if necessary. But the part of the tank 
below ground level can be inspected only when it is 
empty. Similarly the wall of surface storage structure is  
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Table 6. Initial AHP attributes to identify most appropriate RWH structure. 

Technology alternatives 

Attributes Tank Surface storage 
Groundwater re-

charge 

A1 Certainty of storage estimate High Moderate Uncertain 

A2 Location / physical conditions Available 
Available on different loca-
tions 

Hard Rock. Difficult to 
find aquifer 

A3 Inspection and repairing feasibility Convenient 
Inspection of wall is conven-
ient but under ground inspec-
tion is difficult 

Very difficult 

A4 Water assurance High Moderate Low 

A5 Area utilization after construction High Zero Can be used 

A6 Quality of water 
No external contamination, 
low biological activity 

External contamination and 
biological activities bound to 
happen 

Chances of mixing 
with underground 
minerals and  
impurities 

Q
ua

li
ta

ti
ve

 

A7 
Danger of catastrophic structure 
failure 

Yes Yes Not much 

A8 Ground Area Required (sq m) 13,500 13,500 100 

A9 
Minimum storage capacity required 

(cu m) 
55,000 76,500 55,000 

A10 Construction cost (Rs) 35,000,000 6,500,000 2,060,000 

A11 Pumping Cost (Rs / year) 114,361 114,361 171,542 

A12 Maintenance cost (Rs) 52650 15000 12400 

A13 Unit cost (Rs / cu m) 636.36 85 37.50 

A14 Payback period (years) 9.7 4.8 3.03 

A15 Evaporation losses (mm / year) 0 1587 0 

Q
ua

nt
it

at
iv

e 

A16 
Time required for system to get 

stabilized (years) 
1 5 10 

 
Table 7. Final attribute matrix. 

Tank Surface storage Ground water recharge Weight 
Attribute 

P1j P2j P3j Wj 

A1 Certainty of storage estimate 0.717065 0.2171656 0.0657693 0.1452119 

A2 Location / physical conditions 0.6153283 0.3186614 0.0660103 0.0273137 

A3 Inspection and repairing feasibility 0.4666667 0.4666667 0.0666667 0.0217646 

A4 Water assurance 0.6716255 0.2654333 0.0629412 0.1423368 

A5 Area utilization after construction 0.6152534 0.0925277 0.292219 0.045193 

A6 Quality of water 0.5714286 0.1428571 0.2857143 0.0466549 

A7 
Danger of catastrophic structure 
failure 

0.2 0.2 0.6 0.0293255 

A8 Ground Area Required (sq m) 0 0 1 0.0270953 

A9 
Minimum storage capacity 
required (cu m) 

0.5 0 0.5 0.0358576 

A10 Construction cost (Rs) 0 0.3 0.7 0.0358576 

A11 Pumping Cost (Rs / year) 0.5 0.5 0 0.0768751 

A12 Maintenance cost (Rs) 0 0.3 0.7 0.0768751 

A13 Unit cost (Rs / cu m) 0 0.3 0.7 0.0358576 

A14 Payback period (years) 0 0.4 0.6 0.0768751 

A15 Evaporation losses (mm / year) 0.5 0 0.5 0.0316942 

A16 
Time required for system to get 
stabilized (years) 

0.6 0.4 0 0.1452119 
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very convenient to inspect but if there are any subsurface 
cracks or fractures, it is very difficult to inspect and re-
pair. In case of ground water recharge, it is almost im-
possible to do any inspection. Thus tank and surface 
storage has same priority, greater than that of ground 
water recharge. 

4) Water assurance is the confidence level by which 
the user can use the stored water from the RWH structure 
at any given time. In case of the tank, there is minimum 
evaporation and seepage loss, and hence the tank can 
provide assured water. The surface storage structure is 
prone to water losses in the form of evaporation and 
seepage; also sedimentation may reduce the storage ca-
pacity, hence surface storage is considered to have less 
assurance than that of the tank. The underground aquifers 
have least assurance. 

5) Area utilization after construction is the possible 
area of the storage structure that is brought in use after 
construction. If due care is taken in design and construc-
tion of the water tank, the area above the tank may be 
brought under utilization. On the other hand the area of 
surface storage structure cannot be brought under any 
other use. Thus the tank has highest priority and surface 
storage has least. The ground water recharge structures 
are small in size and their presence does not affect day to 
day activities. Thus it has been given priority in between 
the other two alternatives. 

6) Quality of water is the level of contamination to 
which the water is prone to. As water in tank can be 
completely isolated from air and sunlight, if filtered 
properly before its entry into the tank, it can be of good 
quality. The surface water has more chances of contami-
nation with hazardous substances. Also due to direct 
contact of water with air and sunlight there is high possi-
bility of plankton growth and other biological activities. 
Thus the tank has highest priority while surface storage 
has the least if water quality is considered. Ground water 
is naturally filtered. It has very less chances of any bio-
logical activity. But it may have the problem of dissolved 
minerals. Hence ground water storage has been given the 
priority in between the other two. 

7) Danger of catastrophic structure failure: Open struc-
tures like surface storages and tanks are moreprone to 
this than ground water recharge. Even though due care is 
taken in the design and construction of water tank and 
surface storage structure, there is a risk of catastrophic 
structure failure due to unknown reasons. But in case of 
ground water recharge only few things like large scale 
earthquakes or heavy underground blasting may damage 
the natural aquifers. Thus ground water recharge has 
been given high priority and the remaining two have 
same priority but lower than that of the ground water 
recharge. 

8) Ground area required is the total area required 
above surface for storage of the water. Depth of the wa- 

ter is assumed to be 4 m. Ground area required for tank 
and surface storage is calculated assuming the average 
depth of the water storage equal to 4 m. It will change 
depending on the designed depth of the storage. The area 
once used for the RWH cannot be used for any other 
usage except in ground water charge, hence has high 
priority and other two has no priority at all. 

9) Minimum storage capacity required is the capacity 
of the structure for which the stored water will be suffi-
cient to meet annual demand. Minimum storage capacity 
of the water storage structure is considered to depend on 
the water losses that the structure incurs. It is assumed 
that tank has negligible losses. Hence its minimum ca-
pacity should be equal to the minimum volume of water 
need to be stored to meet daily water requirement of the 
year. The minimum capacity of surface water storage is 
equal to the minimum volume of water need to be stored 
plus the total evaporation and seepage losses throughout 
the year. It is very difficult to find the water loss in un-
derground aquifers. Since no loss in tank and ground 
water they have equal priority and higher than surface 
storage which has more losses. 

10) Construction cost is the cost of the structure (in 
Indian rupees). An estimate of construction cost of the 
RCC tank, surface storage structure and recharge pits are 
carried out based on the prevailing cost of materials at 
the industry. Since the cost of tank is very high its prior-
ity is low, the ground water recharge requires less money 
and has high priority, the surface storage has priority in 
between these two methods. 

11) Pumping cost influences the operation cost of the 
given alternative. Pump capacity is estimated based on 
the suction head, then the pumping cost is estimated as-
suming industrial power rate of Rs. 7 per unit.  Since in 
ground water more number of wells and pumps are re-
quired its priority in this case is less than the other two 
methods. 

12) Maintenance cost for tank includes cleaning the 
filters and the tank. For surface storage, de-silting and 
arresting the plankton growth are the main activities. For 
recharging structures, removal of sediments is the main 
maintenance task. Since ground water recharge does not 
require any maintenance it is given highest priority than 
other two methods.  

13) Unit cost (Rs/ m³) is the cost per cubic meter of 
water stored. Unit cost of water storage is important in a 
sense that it gives insight of how much are the charges to 
store unit volume of water. It is the ratio of total cost 
(construction, pumping and maintenance cost) to the 
volume of water stored. Since the unit cost of water 
stored in tank is very high it is having less priority (no 
priority).  

14) Payback period is the time taken to recover the 
cost of investment made on the RWH structure. To cal-
culate payback period, construction cost and mainte- 
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nance cost is considered. The data on existing water 
charges borne by the industry is also used to compare the 
pay back period.  

Table 8. Finals weights and ranks of the alternatives. 

Alternative Tank 
Surface 
storage 

Groundwater 
recharge 

Wight 0.446358 0.276738 0.276904 

Rank 1 2 2 

15) Evaporation and seepage losses (in mm) are preva-
lent in open structures like surface storages and negligi-
ble in tanks, and ground water recharge methods. 

 16) Time required for the system to get stabilized. 
Construction of surface storage structure and ground 
water recharge structures is directly related to the natural 
hydro-geology of the area, hence it takes some time be-
fore the system begins to give consistent results. While 
the tank has no such conditions, it takes first cycle of 
rainy and dry periods to show the results and hence has 
high priority. 

last column of Table 7) are nothing but the importance of 
each attribute over the other attribute quantified between 
0 and 1. The sum of all the weights is necessarily equals 
to 1. Also the attributes representing assured storage of 
water (A1, A4 and A16) have higher weightage than 
other attributes. The weights of construction cost is less 
than the pumping and maintenance cost, thus giving less 
weight to one time investment and more weight to recur-
ring cost. The normalized weights with respect to RWH 
structures are represented by “Pij” and the attribute 
weights by “Wj”. The final weight of each alternative is 
calculated by the Equation (4) and resulted final weights 
and ranking of the alternatives is shown in Table 8. 

The discussion up till now is on the basis of the AHP. 
The criteria comparison matrix and technology compari-
son matrices for qualitative attributes are formulated 
based on above discussion. By processing these matrices, 
final attribute matrix was determined, and is shown in 
Table 7 along with the weight of each attribute. Table 7 
contains values of quantitative as well as qualitative at-
tributes represented between 0 and 1. Values of qualita-
tive attributes are calculated by pair wise comparison. 
Values of quantitative attributes are arrived at by simple 
calculations. In AHP terminology, all the quantitative 
attributes in discussion are “cost attributes”. This means 
lower the value better is the alternative. Here 0 being of 
least desirable alternative and 1 being the most desirable 
alternative for the given attribute. These are nothing but 
the relative weightage of each RWH alternative on the 
scale of 0 to 1.  





16

1
*

j
jWijPWeightFinal   i = 1,2,3    (4) 

As a result of final weight, the RCC tank has highest 
weight (0.446) while the surface storage and groundwa-
ter recharge has equal weight of 0.277 each. It means 
that for given perspective of assured storage of water 
with good quality, the most appropriate alternative is the 
RCC tank. Though it has highest cost, it can assure the 
designed storage capacity with good quality of water 
which has more weightage in this case. By considering 
the uncertainty in groundwater storage in the study area, 
surface storage can be given second priority. 

The results show that each alternative can be a most 
desirable for one attribute and least desirable for other 
attribute. For example, in case of construction cost, the 
tank is least desirable, and the groundwater recharge is 
most desirable and surface storage stands in between. 
But in “certainty of storage estimate”, tank is most de-
sirable while the groundwater recharge is least desirable. 
In case of pay back period ground water recharge is most 
desirable, but when it comes to water assurance it has the 
lowest desirable method and also takes more time period 
to get consistence results. Also one may get wrong idea 
when considered only pay back period and if time taken 
to stabilization is not considered, as per the individual 
priority the ground water has high rank in pay back, but 
it is not assured because the system itself takes 10 years 
to get stabilized, thus the priority of individual attributes 
alone will lead to selection of wrong RWH method. So in 
order to make a choice between the available technology 
alternatives, one must know the importance of each at-
tribute over other attributes so that the most desirable 
alternative with respect to most important attribute may 
be an ultimate choice. 

 
3.7. Most Effective Method to Install Tank 
 
As a result of above AHP “RCC Tank” has resulted in as 
a most appropriate alternative RWH method. RCC tank 
can be installed in various combinations of size and 
number of tanks. Each combination has its own advan 
tages and disadvantages over the other in terms of cost, 
area required, safety and flexibility in operation. Eight-
different combinations of size and number of tanks listed 
in Table 9 with respective to their costs and area required 
are considered for further selections. It is needed to find 
the most appropriate combination amongst these. It is 
observed that height of the tank less than 3 m result in 
very high area on the ground while height more than 4 m 
cause problems in inspection and repairing. So for com-
parison purpose, tanks of height 3 and 4 meter are con-
sidered. Also it is understood that excessive number of 
tanks are difficult to manage. So the number of tanks is 
limited to 4. It can be seen that cylindrical tanks have 
slightly less area requirement than that of square tanks. 
But they have higher construction cost. Also square tanks  

In order to achieve this, the attribute weights are cal-
culated by pair wise comparison of each attribute with 
every other attribute. Weights of the attributes (listed in  
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Table 9. Alternatives of tank installation. 

Total area on the ground (m2) including the wall 
thickness and other amenities 

Total Cost estimate (Rs) 
Storage capacity of 

each tank (m3) 
No of 
tanks 

Height (m) 

square tank cylindrical tank square tank cylindrical tank 

55000 1 4 13968.76 13915.02 35,000,000 40,000,000 

27500 2 4 14165.27 14088.77 37,000,000 45,000,000 

18333 3 4 14316.98 14222.82 37,000,000 45,000,000 

13750 4 4 14445.52 14336.33 39,000,000 47,000,000 

55000 1 3 18540.66 18478.74 30,000,000 35,000,000 

27500 2 3 18766.95 18678.88 35,000,000 42,000,000 

18333 3 3 18941.52 18833.19 35,000,000 42,000,000 

13750 4 3 19089.31 18963.76 37,000,000 45,000,000 

 
Table 10. Initial AHP table to identify right combination of tank size and number of tanks. 

Alternatives 
Attributes 

H4#1 H4#4 H3#1 H3#4 

A1 Cost in crores (Rs) 3.5 3.9 3 3.7 

A2 
Quantitative 

Area on ground 13915.02 14336.33 18478.74 18963.76 

A3 Safety Low high Low High 

A4 
Qualitative 

Flexibility Low high Low High 

H4#1: its full capacity single tank with height 4 m., H4#4: these are 4 tanks with 4 m height. Together they make full capacity, H3#1: full capacity 
single tank with height 3 m, H3#4: these are 4 tanks with 3 m height. Together they make full capacity, A1: Cost: it is cost of construction in crore 
Rs.A2: Area on ground: it is area on the ground covered by the structures A3: Safety: it is the risk division in case of any damage A4: Flexibility: it is 
the flexibility in operation, maintenance and other activities. 

 
Table 11. Final weights and Ranks of the tanks. 

Alternative H4#1 H4#4 H3#1 H3#4 

Weight 0.2652496 0.3938832 0.2515686 0.3223847 

Rank 3 1 4 2 

 
are easy to construct. Considering this, four extreme al- 
ternatives of square tanks were chosen for comparison 
using AHP, Table 10 is the initial setup for the perform-
ance of AHP. 

In case of safety, the risk of any damage gets divided 
on the number of tanks. If there is only one tank and it 
gets damaged, there is danger of loss of all the water. But 
in case of 4 tanks; if one is damaged, the water in re-
maining tanks would be safe. Also more number of tanks 
gives more flexibility in operation, maintenance, inspec-
tion and repairs. It can be seen that cost of combination 
of four tanks is higher than that of one tank. But four 
tanks have higher safety and flexibility of operation.  

Thus depending on the weightage of attributes the 
choice of combination will defer. AHP is carried out to 
identify most appropriate combination out of these four 
combinations. The result of AHP is shown in Table 11. It 
can be seen that H4#4 has the highest weight (0.39). 

Thus, the installation of 4 square tanks with 4 m height is 
the most appropriate option considering cost, area utili-
zation, safety and flexibility of usage.  

The above results show that RWH is becoming one of 
the inevitable solutions to cater the increasing water de-
mand and may also solve the dispute of water sharing 
among the users from a common source. If individual 
criteria are considered while selecting an appropriate 
RWH method, they are leading to wrong selection hence 
the selection of appropriate RWH method should be 
based on hydrological, demand pattern, storage require-
ment, economical, certainty of storage water, water as-
surance, payback period, time of stabilization etc. To 
have a methodological selection based on the various 
criteria, AHP is found to be very useful tool, not only for 
RWH method but also for number of RWH struc-
tures.Even though the appropriate RWH method and 
structures for a large scale industry is evaluated using a 
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case study industrial area, this methodology can be ap-
plied to any other built up area (where less sediments 
flows into tanks) by using the relevant inputs namely the 
rainfall, demand and area available. 
 
4. Conclusions 
 
A large number of RWH methods are available in litera-
ture. However each method is site specific and demand 
specific. The RWH system depends on the topography, 
land use pattern, rainfall, demand pattern and economic 
status of the stake holder. Each structure requires de-
tailed analysis of hydrology (rainfall and demand), to 
pography and other aspects.  The present study is aimed 
at providing best techno-economic RWH structure so as 
to minimize or eliminate the dependency of the industry 
on purchased water. With the available data the first step 
is to find the volume of water need to be stored. All the 
four methods employed in the present study resulted in 
identical volume of 55,000 m3. Then the systematic 
methodology of AHP was applied to identify most ap-
propriate RWH structure to store the required quantity of 
water with given conditions. As a result of this process 
“RCC tank” was identified as the most appropriate RWH 
structure for given requirement and conditions. Further, 
AHP was applied one more time to identify right combi-
nation of tank size and number of tank. As a result “four 
RCC cubical tanks with 4 m height” was identified as the 
most appropriate choice of RWH method for study area 
under given requirements and conditions. 
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