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Abstract 

Bangalore, the hub of IT industries and a burgeoning city of India, is facing acute water 
crisis. As against a demand of 1240 MLD, the city receives a meager 870 MLD from planned 
surface water sources, which necessitates reliance heavily on its bore wells resulting in 
overexploitation of groundwater with continuously declining water levels. Freshwater lakes and 
water bodies around the city which were part of the water supply system, are mostly weeded out or 
polluted due to urbanization like encroachments, garbage dumping and sewerage discharge.  Water 
pollution too is a menace restricting freshwater availability. An expert team studied the problem, 
right from its genesis, its nature to possible long-term solutions. According to them, apart from 
Cauvery sources for city’s water supply, groundwater, lake water, rainwater, and waste waters play 
a crucial role in urban hydrological cycle. Rainwater harvesting; restoration of lakes and water 
bodies; revival of Arkavathy river, a tributary of the Cauvery; reuse of treated wastewaters and 
plugging transmission losses are basic to the cure of city’s water scarcity. Integrated use and 
conservation of all available water resources form the foundation of a world class city. The paper 
presents the findings of the study which have much relevance to other Metropolitan cities in India 
and South East Asia. 
Key words: Cauvery river, Bore wells, Wastewaters, Recycle, Water pollution, Groundwater 
legislation, Water governance.  

1. Introduction 
The Silicon city of India, as Bangalore is popularly referred to, has recorded a steep growth 

in the last four decades. It is now the hub of intense industrial activities and IT boom showcasing 
the country to the outside world. The population in the city which was 7.5 million in 2008, may 
reach a staggering figure of 1.23 crores by 2018. Consequently, the demand of water, too, will be 
phenomenal. Water is a vital element in urban infrastructure, crucial for its growth and sustenance. 
This underlines the relevance of pure, safe, and sustainable water supplies to the cities.   

As on date against a demand of 1240 million liters per day (MLD), the water supplies from 
Cauvery reservoirs, which is the major surface water source, is only 870 MLD, leaving a gap of 
330 MLD to be tapped from groundwater sources which too is overexploited. The “cascading 
lakes” around Bangalore, which sufficed to meet city’s water needs till early twenties, have 
reduced in number and their storage. This water shortage has turned into crippling scarcity for the 
economically weak in the city, raising a hue and cry every summer.  The disparity demand and 
supply is likely to rise sharply in near future.  This forebodes disastrous consequences.  

It is paradoxical that Bangalore receiving nearly 970 mm of precipitation annually, still 
suffers from water crisis. Thus the moot question of the day is how to conserve and optimally 
utilize all available water resources around Bangalore through conjunctive use of rainwater, lake 
water, groundwater and river water. Hydrogeology is a vital component in this exercise, which has 
been so far neglected. The basic principles of water management as enunciated by the National 
Commission for Integrated Water Resources Plan, 1999 are :  “ Water conservation and increase in 
efficiency of water use in every  sphere should be the overriding consideration in Water Resources 
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Development and Management. The method and means of water resources management should be 
Sustainable over time both from the point of view of Development needs and preservation of 
Environment.” Hence we need to define the contours of water management and planning in the city 
with a futuristic vision. A healthy growth of the city depends solely on a pragmatic policy of water 
management. The core issues needed to be addressed are essentially conservation, optimal 
utilization, integrated use of all available water resources, as also augmentation, and protection 
against overexploitation and pollution which only can ensure a sustainable environment. Fig.1 
illustrates water demand and supply position of the city. 
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Source: Mallick and Vasudevan, 2008 

Fig.1. Water Demand and Supply in Bangalore city 
 

2. Cauvery River Sources 
Since nineteenth century  the two reservoirs built on the Arkavathi, a tributary of the 

Cauvery, combined with Cauvery Water Supply Stages I, II, III & IV(Phase I) have been the 
principal sources of water supply to the city. But with population explosion and industrial boom the 
burgeoning city’s water requirement now far exceeds the available Cauvery water supplies. As on 
date, against a total demand of 1240 MLD, the water supply is a meager 870 MLD leaving a huge 
gap to be partially and compulsively met from a large number of bore wells drilled in the city 
(Table 1). Added to it, are transmission and physical losses (unaccounted flow or UFW), together 
accounting for nearly 40% of the total water supply (No reliable estimation has been made so far. 
This leaves merely 540MLD for use from Cauvery sources at present. Even after implementation 
of Cauvery IV Phase II, the shortage cannot be fully met.  
 
Table1. Water Supply Projects from Cauvery sources _________________________________________________________________________ 
Name of the Source  Year of  Potential  Present  

Construction yield (in MLD)  Drawl (in MLD)   _________________________________________________________________________ 
Hesaragatta source  1896  36  4 
T.G. Halli, CRS scheme  1933 - 62  148  40 
CWSS I    1974  135  135 
CWSS  II   1982  135  135 
CWSS III   1993   270  290 
CWSS IV Phase I  2002  270  270 
CWSS IV Phase II*  2006 -2013 500  -- 
________________________________________________________________________ 
*Under commissioning. 
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The population of Bangalore is projected to reach 118.28 lakhs by 2025 and 125 lakhs by 
2036(Thippeswamy, 2011, Srikantia 2011)) with the water demand soaring to 1700-2550 MLD. 
But the Cauvery Water Disputes Tribunal Award, precludes any further water supplies to be 
available from the Cauvery sources, which means that the available quantum of water supplies 
from Cauvery for city’s use will be limited to 1050 MLD only.  
 
3. Groundwater  

Over the years bore wells have emerged as a sustainable source for catering to the city’s 
drinking water and domestic needs to the tune of 40% or even more. Knowledge of geology and 
hydrology is key to groundwater development and management.  The area is underlain by 
Peninsular gneisses with a patch of Close pet granite. A detailed study of the hydro-geological set 
up of Bangalore revealed that deep fractured aquifer system in granites and gneisses which are 
intensively tapped in the city (Hunse et al., 2011, Murty 2011). There are three aquifer zones 
(Fig.2): shallow within 25 m depth occurring under unconfined condition, tapped by dug wells, dug 
cum bore wells; moderately deep zone of weathered and fractured granites/gneisses  in 25-60m 
depth range tapped by bore wells yielding generally <2lps; and deep zone of fractured granites and 
gneisses occurring under semi confined conditions tapped by bore wells. Yield of this zone is 2-6 
liters per second (lps). 

  
Fig.2. Panel diagram depicting subsurface aquifer geometry in Bangalore  
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 Table 2 gives details of exploratory wells drilled in the area (Hunse & Farooqi, 2011).  
The groundwater levels are shallow (<2-5m in post monsoon and 3-10m bgl in pre monsoon 
seasons) in the inner zone of the City, but deep (8-15 m in post monsoon and 10->20m in pre 

monsoon season) in the peripheral outer zone due to overexploitation. This is also reflected in the 
declining trend of groundwater levels. The following Table 3 shows the status of groundwater 

exploitation in the city. 
 

Table 2. Exploratory data from boreholes in Bangalore City (Source: Hunse & Farooqi, 2011) 

 
 
Table 3. Status of Groundwater exploitation in Bangalore (Hunse & Farooqi 2011) _________________________________________________________________________________________________________   
Taluk  A B C D E F G H I J 
Anekal  1073 1703 609 672 4057 205 3852 7954 561 206 
Bangalore North 2089 2705 848 1362 7003 354 6650 13176 781 198 
Bangalore South 1406 3230 929 1037 6600 333 6267 11896 844 190 

A –Monsoon recharge from rainfall;           B – Monsoon recharge from other sources;               
C-Non monsoon recharge from rainfall;      D- Non-monsoon recharge from other sources;         
E- Annual replenishable resource;               F- Natural discharge in non monsoon;                         
G- Net groundwater available;                     H- Total annual draft;                                                   
I- Projected draft from industry and domestic uses;      J -Stage of development.                        
A-I in Hectare meters.                                  J- in percentage. 
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But unscientific groundwater development exceeding annual recharge, clustering of wells 
leading to well interference and lessening of natural recharge due to urbanization and 
encroachment of water bodies have all resulted in declining water levels and desaturation of 
aquifers. This entailed proliferation of bore wells and excessive groundwater draft to overcome the 
water shortage which has but left the groundwater regime overexploited with declining water levels 
and falling well yields (Table 4). This, in turn, has necessitated continuous deepening of wells.  
This invariably leads to groundwater mining with the risk of irreversible damage to the 
environment and ecology in the long run.  
 
Table 4. Falling water levels in observation wells in Bangalore (1975-2008)  
_________________________________________________________________________________________ 

      1975         2008 
_________________________________________________________________________________________ 
Location  Pre monsoon Post monsoon Pre monsoon Post monsoon  
  water level water level water level water level 
______________________________________________________________________ 
Bannerughatta 10.52  5.85  18.90  7.55 
Thimmenahalli 4.80  3.12  10.95  9.05 
Yelahanka 10.75  8.03  11.20  5.60 
Avalahalli 9.30  6.94  17.92  15.10 
Kethohalli 8.98  4.05  16.05  10.20 
Byadarahalli 16.01  12.10  9.20  14.00 
Begur  8.27  3.82  5.00  2.47 
Talaghatpura 10.31  9.92  19.30  23.60 
_________________________________________________________________________________________ 
*Water levels in meters below ground level (Source: Srikanta Murty 2011) 

 
Scientific groundwater resource estimation is basic to water supply planning and 

management. Since a large fraction of water resources in the city is derived from groundwater, 
suitable estimation methodology needs to be evolved specific to urban groundwater resources. 
Precise estimation of bore well drafts is vital for groundwater estimation and development 
strategies. There is no proper enumeration of bore wells in the city, - how many are functional, 
quantum of water withdrawn, failure or success of bore well drilling, quality of water and other 
vital statistics. Based on a pioneering study in Ward 39 of Bangalore city, K.V. Raju, S. Manasi 
and N. Latha (2011) have given realistic count of tube wells in a sample area of the city, revealing 
a high density of tube wells which leads to declining groundwater levels and deepening bore wells. 
According to the Centre for Ecological, Economics and Natural Resources, Institute for Social and 
Economic Change, Bangalore, groundwater draft in the city is 746 MLD (Table 5). However draft 
figures vary with different authorities as there is no authentic figure of number of bore wells. 
Census of bore wells is central to realistic assessment of available resource.  Keeping in view the 
high stage of groundwater development in the city with steeply lowering groundwater levels, zones 
should be precisely demarcated where the stage of groundwater development is in ‘critical’ or 
'overexploited’ category or the density of bore wells is already too high. Bore well drilling and 
groundwater extraction in these parts of the city should be should be severely restricted or even 
prohibited in order to avert environmental disaster.  
 
Table 5 Groundwater draft from bore wells in various sectors of Bangalore ____________________________________________________________________________________________ 
Particulars    Number of well        Methodology   Quantity of water  
                     Extracted in MLD ____________________________________________________________________________________________      
Domestic use        2,61,573      From survey and  261 
          assuming 1000 L  
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          per day per tube well 
Non domestic        65,393  ------ -  ------ 
Irrigation        28,250      KPTCL   ------ 
Agencies        13,235      Concerned departments 156 
Industries         4,400       DAG   46 
Parks          413       Survey    15 
Com. Establishments       432       Survey    11 
Tankers          100        Survey    162 
Others (Institutes, 18,643        Assuming 5,000 L  95 
Offices, Hotels, Hospitals etc.)       per tube well ____________________________________________________________________________________________ 
Total ground water extracted   3,26,966  -----   746 ____________________________________________________________________________________________ 

 
4. Lakes, Wetlands and Drainage  

Wetlands, lakes and tanks are integral parts of the freshwater environment of Bangalore. 
The city is located on a central N-S trending ridge with rugged hills on the west and a plateau on 
the east dented by subsidiary valleys hosting number of lakes at various elevations interconnected 
by feeder drainage (Fig.3) . Since historical times these lakes and tanks have traditionally served as 
reservoirs to harvest and store rainwater in monsoon, as also recharge the groundwater, which 
sufficed to meet drinking water and domestic needs of the city  round the year, notwithstanding 
rainfall deficiencies in a year or two consecutively. These sustained as safe sources of city’s water 
supply till the end of the nineteenth century. Unplanned and thoughtless urban developmental 
activities and illegal encroachments have shrunk the water bodies, denting the freshwater supplies 
to the city and reducing scope of groundwater recharge. Sand mining, garbage dumping, discharge 
of untreated sewage have led to pollution and destruction of water bodies. Studies by Indian 
Institute of Sciences (Bangalore) and Centre for Ecological Sciences indicate a reduction of water 
bodies from 2483.4 ha in 1973 to 1005 ha in 2005, with built up area increasing to 30476 ha from 
18650 ha during the corresponding period. Over the years neglect of the water bodies, deforestation 
and mining in the catchment areas, as also encroachment due to urbanization, and sewage disposal 
have weeded out or polluted many of these water bodies or lakes throttling the water supply to the 
city further, apart from reducing groundwater recharge. The Brihat Bengaluru Mahanagar Palike 
has catalogued 198 lakes within its jurisdiction (www.bbmp.info/lakedetails.aspx). But only 88 
contain clear water., 44 are polluted, 34 dried up, 21 in different stages of degradation, the rest 
filled with garbage, building materials. Hence, wetlands’ protection and conservation have to be on 
the top of the agenda of the city planners to preserve biodiversity and restore freshwater supply. 

Satellite imageries show that there are 79 major and medium tanks, and 44 tiny water 
bodies in Yele Mallappa Shetty Kere (YMSK) watershed (Renuka Prasad 2011; Fig 3). The study 
shows shortening of stream length from 8-100% due to urbanization leading to shortage of flow to 
the water bodies and aquifer recharge.  Thirty five (35) tiny water bodies and one minor tank 
vanished. The available surface water of 25,665 liters in YMSK tanks may be used for potable 
water supply of the city, mitigating its water scarcity. Efforts should be made to conserve the 
existing water bodies.  

The existing surface water bodies may be demarcated with the help of satellite imageries, 
and widely published in media. Accounting, auditing of the existing surface water bodies are to be 
undertaken by the Minor Irrigation Department or Environmental Agencies on year to year basis, 
including their capability of holding surface runoff in monsoon, volume of surface water stored for 
recharge per year (taking into account the rate of infiltration) and ultimate benefits accruing to the 
public by harnessing this recharge water through bore wells. Mass awareness campaigns are to be 
organized on protection of these surface water bodies, and their importance as source of recharge to 
the groundwater, as also for the flora and fauna. 
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Small order streams may be maintained to improve flow to the water bodies. Lake 
Development Authority should be properly empowered with autonomy to act more proactively for 
conservation and protection of lakes. 

 

Fig..3 Drainage Map of YMSK water shed 
          
5. Rainwater  

Annual rainfall, on an average 970 mm (estimates by various workers vary), over 800 
sq.km spread of the city is mostly lost as storm runoff or flash floods. The precipitation shows an 
increasing trend over the years.  
The various attributes of rain water are: 

1. The water is available free and may be harvested where it is needed. There is no 
distribution cost. 

2. Rainwater is fresh water and can be used for recharging groundwater.  It has zero hardness. 
It eliminates the need for water softening. It is sodium free. 

3. It mitigates urban flooding and reduces non-point source pollution. 
4. Rainwater harvesting helps to manage summer demand peak through groundwater 

banking. 
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This enormous amount of rainwater may be harvested   to provide additional source of freshwater. 
The following Table 6 presents harvestable rainwater potential of the City which amounts to 473 
mcm. This is almost equivalent to the water drawn from the Cauvery. 
 
Table 6. Harvestable rainwater potential from Greater Bangalore City area __________________________________________________________________________________________________ 
Land use type Area (sq.m) Runoff  Rainfall (M) Runoff (mcm) 
    coefficient __________________________________________________________________________________________________ 
Built area 464  0.8  0.97  362.40 
Vegetation 128  0.4  0.97  49.66 
Others  208  0.3  0.97  60.52 __________________________________________________________________________________________________ 
Total  800      473 __________________________________________________________________________________________________ 
Source: Ramasesha, 2011 
 
6. Water Quality and Pollution 

Table 7 summarizes the ranges of groundwater quality parameters in the City based on 
chemical data of observation wells. Water pollution is fast emerging as a menace restricting 
availability of useable water and is the source of most water borne diseases. Unscientific disposal 
of the industrial wastes /effluents has polluted both surface water and ground water in the city. 
Sewerage drained into the lakes also pollutes both lake water as well as groundwater through 
infiltration. Thus nearly 45% of groundwater in the city is found to be rich in Nitrate (>45 mg/L), a 
hazardous chemical. Bacterial pollution of water through sewage or leakage in transmission system 
is also overwhelming. Groundwater quality aspects of the city and its vulnerability to pollution 
needs greater emphasis, studied in details at micro level and groundwater quality maps prepared.  
 
Table 7: Range of Chemical constituents in ground water in Bangalore city  _____________________________________________________________________________________________________ 
Sl. No Chemical constituents  Bureau of Indian Standards Range in Ground                                                                           _____________________________ 

Highest  Maximum Water samples 
Desirable  Permissible _____________________________________________________________________________________________________ 

1. pH    6.5 - 8.5  8.5 – 9.2 6. 65 – 8.85 
2. EC in micromhos/cm at 250C 1000  3000  255 – 3500 
3. Total Hardness   300  600  105 – 845 
4. Calcium (Ca)   75  200  14 – 204 
5. Magnesium (Mg)   30  100  9.7 – 146 
6. Sodium (Na)   --  --  15 – 400 
7. Potassium (K)   --  --  1 – 350 
8. Sulphate (SO4)   150  400  11 – 360 
9. Nitrate (NO3)   45  No relaxation 0 – 554 
10 Carbonate (CO3) -  --  --  0 – 72 
11 Bicarbonate (HCO3)  --  --  43 – 586 
12 Chloride (Cl)   250  1000  21 – 705 
13 Fluoride (F)   0.6 – 1.2  1.5       0.12 – 1.56 _____________________________________________________________________________________________________ 

* Ionic concentration in mg/L (Source: Central Ground Water Board) 
 
Sewage pollution is seen in the western part of the city where all the sewage water is let into 
Vrishbhavati river valley and most of the tanks are polluted. Industrial pollution was studied by 
CGWB in the Industrial belt of Peenya, Kanakpura Road, Rajajinagar, and Hoskote areas where 
groundwater is slightly alkaline, but high in chloride, magnesium and nitrate contents. Nitrate 
contamination up to even 554 mg/l is the most widespread contamination of water in the area. 
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7. Water Conservation 
7.1 Rainwater Harvesting 

Harvesting of surplus rainwater, which is otherwise lost as storm runoff causing flash 
floods in the city, is a viable option for augmenting its overexploited groundwater. Annual, 
seasonal and monthly rainfall distribution, and trend over the city decide rainwater harvesting 
potential (Muthuchami 2011).  Close-net telemetry monitoring of rainfall and weather forecasts 
over the city will enable harvesting the runoff at suitable sites. Some innovative methods of 
rainwater harvesting have been illustrated by demonstrative Rainwater harvesting schemes and 
model roof top rainwater harvesting schemes in Bangalore (Farroqi et al.,l 2008, Sooryanarayana 
2011, Ramasesha 2011). The common rainwater harvesting structures include percolation pits, 
percolation ponds, recharge wells, check dams. Open lands, parks, shafts, storage tanks, perforated 
pavements and storm water drains may be used for the purpose.  Sewage and waste waters should 
not be let into storm water drains. Innovative and cost efficient technologies and people friendly 
designs will make rainwater harvesting a success. Rainfall of 700-900 mm annually over a 30’ft x 
40’ft roof top, if harvested, may be sufficient for four persons for 7-8 months in a year. To augment 
the city’s overstressed water supply and replenish depleted groundwater resource, and to save the 
city from flash floods, roof top rainwater harvesting should be mandatorily implemented in all 
existing and upcoming residential, industrial and commercial establishments. The extent to which 
groundwater resources are augmented should be demonstrated by typical case studies (Fig.4). 
Rainwater harvesting has been made mandatory in Bangalore agglomeration in the Bangalore 
Water Supply and Sewarage (amendment) Bill 2009.Fig.5a&b illustrate some rainwater harvesting 
structures constructed in Bangalore. 
 

   
Fig.4. Hydrograph of observation well near Check Dam III, Jyanabharthi Campus, Bangalore University. 

Rise in water level after construction of Check Dam.  Source: Sooryanarayana 2011. 
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    Figure 5(a)           Figure 5(b) 
 
Fig. 5. Rain water Harvesting:- 

5(a) Check Dam in Jynabharthi Campus, Bangalore University 
            5(b) Roof top rain water harvesting in Accept Society, Dodda Gubbi, Hennu Road, Bangalore 
 
7.2 Restoration and conservation of lakes and water bodies 

Sand mining, garbage dumping, discharge of untreated sewage, illegal encroachments have 
all led to pollution and destruction of water bodies. Harvesting and conserving rainwater in lakes, 
wetlands and reservoirs through watershed treatment, thereby, increasing inflows to the water 
bodies and also aiding  recharge to ground water, are  the top most   priorities to be addressed with 
due urgency. In the words of Prof. N. Nandini of Bangalore University and others “Source control 
is the most important aspect in protection of lake watershed zones including soil conservation 
measures, bank/slope erosion control measures, afforestation, drainage improvements, control of 
sewage and solid wastes, sewage interceptions and diversions (when it is deemed absolutely 
necessary) and participation of people in watershed management measures”. The objective is to 
revive these wetlands and rejuvenate the Arkavathi river to their pristine state through watershed 
management, so that biodiversity is preserved, and much needed freshwater supply is restored. This 
will yield more water to the reservoirs, raise groundwater levels, improve bore well yield, and 
reduce pollution of water. Wetlands also need to be saved from pollution due to industries, 
agricultural activities and sewage which contribute to the biodegradation of wetland system. 
 
7.3 Arkavathy river – revival 

Arkavathy, a tributary of the Cauvery river forms the life line of the city. It has a catchment 
of 4043 sq.km and a length of 125 km with a width of 47.5 km maximum. The basin has 1775 
water bodies, and three big reservoirs, namely Hesaraghatta, Chamrajasagar and Biramangala. The 
water bodies are in a decadent state due to siltation, encroachment, garbage dumping, discharge of 
untreated sewerage and most of them having shrunken capacity. Rainwater harvesting and artificial 
recharge with water shed treatment may revive the hydrology, ecology and environment of the 
basin. Prof. Renukaprasad and others in Bangalore University, have adopted an integrated approach 
to delineate zones of artificial recharge using thematic maps as generated by Remote Sensing, in 
conjunction with hydrogeological information with the help pf GIS. The maps were on controlling 
parameters like soil, weathered zone, bedrock, landform, landuse, geology, rainfall, depth to water 
levels , drainage density, fracture density, transmissivity , well density etc. Suitable weights were 



 
Journal of Groundwater Research, Vol.2/2, December 2013  

 

67 

 

assigned to the thematic layers and integrated. Poor, moderate, good, very good and excellent 
zones for artificial recharge were derived and an action plan was prepared (Fig.6). 

 

Fig.6. Artificial Recharge Potential Zones in Arkavathy basin (Renuka Pradas 2011) 
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The recharge structures, namely check dam (CD), percolation tank (PTP, point recharge structure 
(PRS), were decided considering their suitability in different artificial recharge zones on the basis 
of hydrological properties of thematic layers and field knowledge. The following Table 8 gives 
recommended artificial recharge structures and probable recharge water quantity. These artificial 
recharge structures along with dry dug wells, dry bore wells, and Minor Irrigation Tanks may be 
used for artificial recharge.to the tune of 328.2 MCM, effecting a rise of 3-5 m of groundwater 
table. Further 1775 tanks may be used for drinking and irrigation purposes.  
 
Table 8. Recommended artificial Recharge structures with expected quantum of recharge ___________________________________________________________________ 
Structure  Recommended Expected Quantum  
   Number  of  recharge (MCM) ___________________________________________________________________ 
Dug well (dry)  6650  66.5 
Dry bore wells  1574  15.7 
Percolation tankls 216  21.6 
Point Recharge  1321  13.2 
Check Dams  3618  36.2 
Tiny water bodies 710  71.0 
Minor tanks (10% of 86  86.0 
existing) 
Roof Top rainwater 60 sq.km (area) 18.0 
harvesting ___________________________________________________________________ 
Total     328.2 ___________________________________________________________________ 

 

7.4 Reuse of Treated Waste Waters  
It is anticipated that 80% of water supplied is likely to be lost as sewage which may 

amount to not less than 820 MLD (Mohan Kumar 2011). This substantial quantity may be treated 
and recycled.  At present the BWSSB is operating six sewage treatment plants: Vrishbhabati 
valley, Koramangala Chellanghata, Hebbal, Yelehanka,Madivala and Kempambudhi lake. The   
sewage treatment plants have a capacity of treating only 200-300 MLD, out of which only 70 MLD 
is tertiary, treated. The capacity of wastewater treatment needs to be enhanced. Treatment 
processes such as lagoons/wetlands, anaerobic digesters, membrane bioreactors, soil biotechnology 
and SAT technologies should be adopted for sustainable urban water supply management. The 
recycled wastewaters may be used for non-potable purposes, recreational needs, industrial 
requirement, aquifer recharging, indirect potable use water supply to the Commercial complexes, 
Shopping Malls, Cinema Theatres should be stopped. Recycling and reuse of water is paramount 
requirement for all multiplex structures which should not be licensed unless provision is made for 
the same apart from meeting industrial requirement. BWSSB should restrict protected freshwater 
supply (Cauvery water) only for drinking water requirement of the public and their domestic needs. 
Dual piped watering system may be introduced with separate pipe lines for treated waste water and 
treated freshwater supplies. This will conserve treated fresh water for more essential/vital uses like 
drinking water. Further, wasteful use of treated fresh water for gardening, sanitation, car washing 
etc., should also cease. Use of water efficient devices like water efficient taps, toilet fittings is 
another important water conservation measure, which will enable substantial saving of treated 
water, `and its optimal use. Domestic level treatment and recycling of waste waters rather than 
community treatment plants, should be encouraged.  
The tertiary treated water may be supplied at subsidized cost in order to promote its use in 
preference to protected water supply of BWSSB which may be charged exorbitantly for use beyond 
a quota of minimum per capita admissibility.  
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Thus re-use of treated wastewater and reduction in the unaccounted water, in other words efficient 
use of precious freshwater, can effectively meet the ever increasing water demand of the city.  
 
7.5 Unaccounted flow of water 

Unaccounted flow of water (UFW) or Non-revenue water (NRW) owes to errors or 
tampering of water metering, illegal connections or transmission losses in worn out pipes and 
fixtures, or thefts; which escape billing and ultimately lead to over pumping of groundwater. 
Immediate measures are required to reduce the estimated 40% loss of Cauvery water brought from 
such a long distance and with high energy utilization. Commercial losses may be recovered by (i) 
identifying unauthorized connection, replacing old meters which are under-recording; and (ii) 
introducing automated meter reading for bulk high revenue yielding installations. Physical losses 
may be rectified by using highly sophisticated electronic gadgets to identify underground leaks.  
There is need to establish transmission loss of Cauvery water, especially in Central Bangalore with 
facts and figures. Measures may be taken to provide public emergency phone numbers to report on 
water leakages, illegal tapping, and unlawful water supply/waste disposal activities. 
A long term solution will be to lay afresh the water supply grid, changing from subsurface water 
pipe line system to surface grid system. Surface water grid has the advantage of easy inspection; 
accountability; reduced thefts or malpractices, easy repair works and replacements, and precludes 
possibility of corrosion and cross contamination of sewage water. 
 
7.6 Groundwater legislation 

The prevailing overexploitation regime of groundwater and its rampant nitrate and 
bacterial pollution due to disposal of untreated sewage highlight the urgent need of ‘groundwater 
legislation’ to curb or rectify these critical aberrations. Water markets based on borewell waters 
flourish unregulated by law leading to overexploitation of the resource and economic exploitation 
of the poor buyers whose rights and interests are to be safeguarded. This should be enforced by 
enactment of Groundwater Legislation which provides for registration of all drilled wells, and 
licenses for drilling, apart from safe well spacing, and punitive actions for violating its provisions. 
All bore wells should be given registration numbers. How many are operative, or fitted with pump, 
quantum pumped -  the data should  be periodically checked, revised and available in public 
domain for use and analysis. Providing all bore wells with water meters, and water cess levied on 
all bore wells, may restrict pumpage from bore wells. Care should also be taken to restrict 
groundwater extraction around the green belt of the city, as declining groundwater level may cause 
tree population to dwindle or even vanish. Farooqi et al. (2011) advocated about a combined 
approach of supply side and demand side measures, and not legislation alone, to effectively 
regulate groundwater overdraft. 
Enactment of Groundwater legislation in Karnataka is still awaited. Groundwater modeling of the 
city may help in understanding the system under strain and in generating alternate scenarios for 
optimal development strategies. 
 
7.7 Pollution control 

State and Central Pollution Control Boards should be empowered by law, and held 
responsible for prevention and control of water pollution. Nitrate and bacterial pollution of surface 
and ground water is reportedly rampant in the city due to unscientific disposal of sewage, 
municipal and industrial wastes. Actions should be taken for proper treatment of sewage and 
effluent waste before disposal, to repair leakage in water supply pipes, for discontinuance of letting 
sewage waters into storm water drains and for remedial actions to improve degraded water quality. 
Decentralized treatment plants at domestic level are always preferable to large community 
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treatment plants. Well wise certificates need to be issued by an empowered agency that 
groundwater is safe for domestic consumption 
This stresses the need for periodical monitoring and evaluation of groundwater and surface water 
quality in the city before use for domestic purposes. Laws should be enforced such that the 
Industries and municipal bodies adhere to BIS quality standards of waste waters before discharge. 
Installation of common effluent treatment plants and mandatory use of engineered landfill facility 
are highly useful for mitigation of water pollution. 
 
7.8 Conjunctive use 

Conservation, optimal use and augmentation should be the focus of water management. 
Integrated or conjunctive use of lake water, bore well water, waste water, and Cauvery/Arkavathi 
water may be planned for optimal utilization of total available water resources in the city. 
Conjunctive use is regarded as the most efficient water conservation measure. This also serves to 
augment the total available water resource for use. Relevant studies are to be initiated and different 
conjunctive use scenarios in the city to be generated for the coming 25 years based on 
mathematical modeling. 
 
8. Water Governance 

Equity and sustainability should be the cornerstone of water governance. ‘Water security 
for all ‘should be the keyword. In a scarcity situation it is the underprivileged or low income 
groups who suffer the most. BWSSB’s protected water supplies with subsidized tariffs have so far 
yielded maximum benefits to the affluent class only, while the less privileged, not so fortunate 
without assured coverage of water supply end up paying many times more for procuring water as 
they depend mostly on “tanker water”. Water markets based on bore well waters flourish 
unregulated by law, leading to overexploitation of the resource and economic exploitation of the 
poor buyers, whose rights and interests are to be safeguarded by law. However, this priceless water 
being a common pool resource should be shared equitably by all. Groundwater legislation may be a 
means to facilitate such governance.  However, it is a combination of demand side and supply side 
measures, supported by groundwater legislation with ‘management of users’ group’ rather than 
‘controls of states’, may achieve the desired objectives. 

A legal framework of groundwater governance has to evolve which will recognize the right 
to water as human right will look at the river basin management through appropriate institutions 
and create a regulatory institution at the city level to ensure justice to consumers and citizens, 
especially with regard to service and tariff. Urban waters are managed by number of agencies 
without any coordination mechanism.  Thus, there is need for a Nodal Agency, - an Urban Water 
Management Institution, empowered by law, - to plan, develop, manage, control and monitor all 
available waters like surface water, bore well water, rainwater, storm water and recycled 
wastewater, in order to ensure adequate availability of water to all citizens. 
The surface water bodies, lakes and groundwater being integral parts of the city’s water cycle, have 
strong interactions between them, - in the form of recharge to the groundwater system, which in 
turn sustains the former in non-monsoon months through replenishment or discharges.   This 
interrelation should be taken care of through their integrated and balanced development to preclude 
any undesirable impact on environment and ecology. 

While an array of Central and State departments are responsible for water management and 
related studies, as mandated under law, reliable data on all related aspects are  sadly lacking or not 
available for public access .  Systematic storage and retrieval of historical data are not practiced. 
This holds for a wide range of data on water supply and use, quality and pollution, hydrogeology, 
bore wells in operation, bore wells fitted with pumps, drafts from bore wells etc.  Thus, micro level 



 
Journal of Groundwater Research, Vol.2/2, December 2013  

 

71 

 

surveys should be  initiated to bring out ward wise status of water supply, water quality and 
pollution, hydro-geological set-up, groundwater resource potential and state of surface water bodies 
to enhance public awareness and avert any further abuse, and over-use of resource. Ward wise 
water atlases should be prepared and issued free to the public. The city area can also be converted 
into grids for the purpose. All the concerned Organizations should collect reliable information on 
top priority in a coordinated manner which should be put on the web site for public use without any 
restriction. A common platform has to be created where data/skill/knowledge/technology may be 
shared by all stakeholders, including the public. 

Lastly, all inclusive growth of the city may be a reality only when all sections of society 
get their minimum basic needs of water. The current emphasis on Cauvery water alone, leaving 
aside groundwater which contributes nearly 40% of Bangalore’s water supply, need to give way to 
an integrated management of rainwater, surface water and ground water through principle of 
conservation, augmentation and protection. The immediate task before the citizens is rainwater 
harvesting, wastewater recycling, conservation and rejuvenation of Arkavathi basin and all surface 
water bodies. Every drop of rainwater should be harvested where it falls, saved for future use, and 
not wasted. 
 
9. Conclusions 

Till first half of twentieth century Bangalore did not face any water scarcity with 
innumerable cascading lakes and flow tanks around, providing sustained supplies of water to the 
city. Now the city’s water supply system is confronted with three fold problem of shrinking surface 
water resource, drying up lakes and depleting groundwater due to overexploitation. To find out a 
lasting solution to the water scarcity, the genesis of water crises has to be understood in proper 
perspective.  Sustainable world class city needs efficient water governance, which can ensure 
optimal utilization of surface water, groundwater and surplus rainwater, along with efficient 
wastewater treatment and recycling facilities. Monitoring, review and proactive guidance form the 
bedrock of water governance. “New technologies such as modeling and decision support systems 
should be implemented by water agencies for efficient management of water resources and 
supply.”(Mohan Kumar, 2011). 
‘Water security for all’ should be the driving force. 
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