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Foreword

Happy to note that the Department of Mines and Geology is implementing the
groundwater component programmes of the World Bank Aided Hydrology Project
Phase-II and has been a faculty in carrying out an intensive study on “Urban
Groundwater Hydrology and Groundwater Quality in and around Bangalore City.”

The study involved monitoring of the fluctuation of groundwater table from 12
piezometers in addition to those already existing and carry out intensive
groundwater quality study from the voluminous water samples that were
collected. The samples collected were subjected to chemical, biological and heavy
metal analysis. The results obtained have thrown light on the suitability of
groundwaters of the city aquifers for drinking purposes.

The study has revealed that ever increasing demand on water supply has resulted
in a depletion of groundwater table at an alarming rate, particularly in blocks
where population is dependent mainly on groundwater. Among 2209 groundwater
samples analysed for various chemical parameters, nitrate in 638 samples (29%),
iron in 214 samples (10%), total hardness in 185 samples (8.5%) and fluoride in
14 samples (0.6%) are found in excess of the desirable/permissible limits rendering
groundwater from such locations unfit for drinking. The presence of E-coli /
Total coliform bacteria and certain heavy metals are reported in certain water
samples throwing light on them being unsuitable for domestic consumption

It 1s hoped that the details presented in this volume shall be of use to the
common man and more so to the administrators to effectively implement better
planning and management and to take measures to revive the rapidly depleting
groundwater resources of the city.

By -
March 03, 2011 (P.N. Sreenivasachary)
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Preface

The Groundwater Survey and Investigation wing of the Department of Mines and
Geology has been monitoring the groundwater quality in the State since early
seventies through a net work of more than 1700 monitoring stations spread over
different parts of the state. Studies on groundwater quality were oriented
particularly in the rural and urban blocks. The Department there on had brought
out special publications related to the quality of groundwater of Bangalore
Metropolis and of Karnataka State.

Over exploitation of groundwater has resulted in fast depletion of groundwater
table and ‘deterioration in quality within and around the city limits. The
Department under the “World Bank Aided Hydrology Project Phase-II-a Purpose
Driven Study (PDS)” carried out further intensive study to evaluate the present
status of groundwater quality in and around Bangalore city. More than 3000
groundwater samples from various sources besides a few surface water samples
were collected and analysed in the Chemical Laboratory at Directorate office for
different chemical, biological and heavy metal parameters.

The present study refers mainly to the urban groundwater hydrology, quality and
possible factors that are causative of groundwater pollution in Bangalore city and
its neighbouring area. By referring to the standard specifications, the suitability
of groundwater in Bangalore City for drinking purposes is discussed.

I strongly believe that the results of the present work brought out in the current
volume, shall be a material of reference and applicability to a common man and
the government agencies while to plan, programme, implement and manage the
groundwater based projects in the Bangalore and its agglomerate parts.
Groundwater has now been a precious natural resource which deserves a call for
its judicious usage.

March 03, 2011 (H.m)
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Abstract

The previous studies carried out by the Department of Mines and Geology during
1994, 1995 and 2003 on the groundwater quality of Bangalore Metropolis had
established that the groundwater pollution in the city is mainly due to sewage
disposal and recommended to prevent pollution from sewage and industrial
wastes.

The population and the areal extent of the city have increased at an alarming
rate 1n recent years. The basic requirements like water and power supply could
not be enhanced in pace with the ever growing demand. Water — one of the
natural resources has remained a deficit resource in Bangalore since long. The
supply of required quantity of safe quality drinking water to the population has
now been a big challenge to the concerned authorities. To address these issues,
the groundwater wing of the Department has taken up fresh study on “urban
groundwater hydrology and groundwater quality in and around Bangalore City”
under the World Bank aided Hydrology Project, Phase II, Purpose Driven
Studies.

As part of the present groundwater quality studies, over 3000 groundwater
samples were collected over an area of 800 sq. km. in and around Bangalore City.
The study area was divided into four quadrants and each such quadrant was
further made into one sq. km. grid. Two or three samples were collected from
each such grid and got analyzed in the chemical laboratory at Directorate of Mines
and Geology, Bangalore.

The study has revealed:

e Fast demographic growth of the city over a last few years, ever increasing
demand for water and deficiency in the public water supply system
developed a heavy strain on the groundwater aquifers of the city.

e Over draft of groundwater has resulted in steep decline in groundwater
level, drying up of unconfined aquifers and mining of groundwater situation
at many parts of the city. '

e Total dissolved solids (TDS) and fluoride content in groundwater on higher
side from deeper bore wells are the signals of deterioration of the quality
of groundwater.

e Among 2209 groundwater samples analyzed, the nitrate content in excess
of the desirable/permissible limit is found in 638 samples (29%), iron in 214
samples (10%), total hardness in 185 samples (8.5%), and fluoride in 14
samples (0.6%).
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Whereas the presence of heavy metals in groundwater is attributable to
the infiltration of effluents from the industrial waste disposals, higher
content of NO,, low and high values of pH and the presence of e-coli and
total coliform bacteria are mainly due to discharge of untreated sewage
waste into the natural drainage system.

The causative factor for groundwater pollution is more anthropogenic than
being geologic.

Groundwater, once polluted/contaminated is difficult to bring back to the
required drinking water standards. The cost of treatment of contaminated
water to make it potable shall be enormous.

The best option is to avoid disposal of solid, liquid domestic and industrial
waste within the city premises.

As per IS 2003 drinking water specification, 31% of the city
groundwater is non potable as against 50% found in the previous study
conducted in 2003. This is attributed to the remedial measures
1mplemented to prevent groundwater pollution.

Top priority be given for the conservation of rainwater through appropriate
rain water harvesting measures.

Creation of greater awareness among the public towards economical, social
and health implications of pollution of water resources.

Judicious use of available potable water resources is the need of the hour.

DMG BANGALORE




PART -1

Urban Groundwater Hydrology
— Bangalore City

D. Srikanta Murthy



GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Introduction

Groundwater Hydrological Information System (HIS) in Hydrology Project, Phase-
I was successfully implemented by the Department of Mines and Geology between
1996-1997 and 2002-2003. Hydrology Project, Phase-II is now conceived to promote
effective application of HIS for water resources planning and management.

The Vertical Extension Components are provided with more than 33% of the
project budget to demonstrate the hydrological data applications for future
replication through selective upgradation of spatial data input and output and
data visualization. Purpose Driven Study (PDS) was one of the proposals of the
project to

e 1identify the issue concerning water management in the agency's area of
competence and operation.

e specific issue of water management of public concern

Bangalore, one of the fast growing cities in India, branded as ‘Silicon Valley of
India’ is plagued with water problems.

Demographic growth of the city took a quantum leap over a last few years.
Consequently, the growth of groundwater exploitation has been phenomenal,
largely through lakhs of private borewells. The World Bank assisted Hydrology
Project Phase-II PDS provided the required platform to the Department to
carryout the study on “Urban Groundwater Hydrology and Groundwater Quality
in and around Bangalore City”.

Approval for the Purpose Driven Study proposal was conveyed by the Central
Ground Water Board and Project Co-ordinate Secretariat (PCS), Ministry of Water
Resources, MoWR, New Delhi on 25th July 2008.

A large number of lakes/tanks which provided water for irrigation, drinking, fishing
and washing during non-monsoon period in the past, either dwindled in number
or became cess pool for sewage water. With the city's unprecedented growth,
open spaces vanished over the years. The space for infiltration of groundwater
reduced drastically. Many of the wells including those wells set up by the
Department to monitor groundwater level fluctuation dried up. The Department
was left with only a few inadequate piezometers in Bangalore city area and its
surroundings. Inadequacy of piezometers within the city surroundings posed
problems in assessing true picture of groundwater levels.

The Purpose Driven Study (PDS) provided the right platform to fill the monitoring
network gap. After consultations with the CGWB, it was decided to construct 12
piezometers in different parts of the city. Permission was there on obtained from
‘the concerned authorities to construct the piezometers in public secured places
like BBMP office premises, Schools, BDA etc.,

DMG BANGALORE 3



GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Focus on Scientific Investigation

The Bruhat Bangalore Mahanagara Palike (BBMP) lies between North latitude
12°49'34" to 13°18'9" and East longitude 77°27°41" to 77°47°5" over an area of 710
sq.km and with a total perimeter of 151.9 km. This area is covered in part of
Survey of India topo maps No.57 H/9, H/5, H/13, H/16, G/12, G/8 on 1:50,000 scale.
The BBMP in its website has displayed the map which included newly added
municipal councils, panchayats and villages and 198 wards (Fig. 1).
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Figure 1 : Map of Bruhat Bangalore Mahanagar Palike (BBMP)
(Source : BBMP web site)

Based on the geohydrological features of the area and geophysical survey results,
18 sites were identified for the construction of piezometers in BBMP area. But,
due to field constraints only 12 sites were confirmed.
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Piezometer depth, approximate casing requirement, construction of concrete
platform and protective cover with locking facility were all specified in the tenders
that were invited as per World Bank norms. When the tender evaluation reports
were sent to the Project Coordinate Secretariat (PCS) Hydrology Project-II,
Ministry of Water Resources, New Delhi for approval, permission was accorded
to complete the work during 2009-10. Details of the new piezometers constructed
under the project are furnished in Table-1. The location of newly drilled borewell
alongwith the earlier monitoring network stations is given in Figure 2.

Table 1 : Details of piezometers

Date of Depth 1st Water | 2nd Water | Casing
Village Drilling Drilled (m) Bearing Bearing (m)
Zone (m)| Zone (m)

Bagalkunte 23-02-2010 107.80 33.30 86.00 38.80
Jalahalli 23-02-2010 107.80 25.20 55.00 30.00
Sadashivanagar 26-02-2010 147.00 107.70 39.30
Laggere 01-03-2010 113.40 56.00 - 46.00
Hebbal Kempapura| 02-03-2010 135.15 95.00 28.60
Kalkere 05-03-2010 141.00 40.00 136.00 42.00
K Narayanapura | 06-03-2010 107.80 50.00 79.50 42.20
Dodda Kannalli 09-03-2010 119.60 54.00 41.00
HSR Layout 10-03-2010 125.00 45.00 11.50
Mahadevapur 12-03-2010 158.00 150.00 6.00
Pattanagere 22-03-2010 152.00 95.00 142.00 16.80
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

LEGEND
® @ New Piezometers added to network (12)
@ Earlier Monitoring network (6)

Figure 2 : Groundwater monitoring network in BBMP area

Another important aspect covered under the project was groundwater quality
studies. This part of the project was mainly at the instance of encouragement,
guidance and interest bestowed by the Director of Mines and Geology.

Survey of India guide Map of earlier Bangalore City available on 1 : 25,000 scale
was 1nitially selected as the base map. The map presents 540 sq. km of Bangalore
City area and was divided into one square kilometer grids. But, since the BBMP
area covered an extent of about 741 sq. km. The corresponding topo maps of 1
: 50,000 scale was enlarged to the guide map scale and thereon one square
kilometre grids were further extended to cover the entire BBMP area
(Figure 3).
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY
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Figure 3 : One sq.km grid with BBMP boundary

About 800 grids were demarcated and given alpha numeric numbering. For the
purpose of study the BBMP area was divided into North-East (NE), South-East
(SE), South-West (SW) and North-West (NW) quadrants. Some of the grids in
the fringe parts covered only the parts of BBMP area. Three groundwater samples
were collected from bore wells/dug wells in use from each grid. Nine teams were
formulated to complete the work. Each team was provided Global Positioning
System (GPS) instrument to obtain the geo-reference of each sampling point (bore
well/dug well/lakes etc.).
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Table 2 :

Departmental Officers involved in the study

H.M. Khyum Alj,
Additional Director (GWS) /
Nodal Officer HP-II

Principal Investigator

Sl. Zone Team Leader Deputy Team Other Officers
No Leader assigned for the study
1. North East Patti Basavaraj | 1) Asha, Geologist,
Quadrant Deputy Chief Chikkaballapur (ZP)
No.1 Geophysicist | 2) Chandrashekar.K,
Geologist, ZP, Mysore
2. South East [ D.SrikantaMurthy,| Shashikanth 3) Dileep Kumar B.G,
Quadrant Deputy Director Reddy Geologist,
No.2 (GWS) Senior Geologist Bangalore (ZP)
4) Prathima K.S,
Geologist (PM) H.O
5) Vindhya N.M.
Geologist (R &D) H.O
3. South West G.V. Hegde 6) Nagaveni,
Quadrant Senior Geologist Geologist,
No.3 Bangalore (ZP)
7) Chidanand murthy
Ashok C.I. Geologist, Bangalore (ZP)
Deputy Director 8) H.T. Chidanand
(R and D) Geophysicist Mandya.
4, North West D.H.M.V. 8) Ambika, Senior Geologist,
Quadrant Swamy Ramanagara
No.4 Senior 9) Renuka, Senior Geologist,
Geophysicist
-Ramanagara

The samples collected were got analyzed by the Chief Chemist in the Directorate
of Mines and Geology. The staff involved in the chemical analysis is given in

Table 3.
Table 3 : Head Office Chemical laboratory Staff
S1.No. Name Designation
1 M V Shashirekha Chief Chemist
2 K N Sumathi Senior Chemist
3 B S Chetan Chemist
4 B N Satishkumar Chemist
5 R Umesh Data Entry Operator
6 Y Lakshmi Data Entry Operator
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

The collection of groundwater samples were also in the localities of solid waste
disposal and open drains and these were more particularly for bacterial analysis.
Lake water samples were also collected to determine Dissolved Oxygen (DO) and
other parameters. Based on the fluoride presence of over and above the threshold
value, more number of samples around those locations were collected for further
analysis. Such an approach made it easier to identify the areas where groundwater
1s not suitable for domestic purposes.
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Climate and Rainfall

The December-January are the months with an average low of 15°C and the April-
May are the months where the temperature soars upto 37°C. The average
maximum temperature during these months is 33°C. The highest temperature
ever recorded in Bangalore is 38.9°C and the lowest is 7.8°C.

BBMP area receives an annual average rainfall of 900 mm. Nearly 72% of this
annual rainfall is from South-West monsoon (June to September) and rest of the
rainfall is from North-East monsoon (October to December). The rainfall attains
a characteristic peak during October month (Figure 4). January to March are
dry months.
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Figure 4 : Mean monthly rainfall (mm), Bangalore city

The relative humidity varies from 43% in the month of March to 78% in July.
The relative humidity is more than 70% during June - November months. Sunlight
hours for the City range from 3.0 hours during July to 9.5 hours during March.
Area experiences sunshine hours of 6.7 per day. Average monthly data of
different meterological parameters like minimum temperature, maximum
temperature, average temperature (°C), precipitation (cm), Wet days (>0.1 mm),
sunshine hours per day, wind speed (Beaufort), and relative humidity for Bangalore
 are shown in Figure 5.
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(Source : Meterological Department Website).
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Natural Drainage

Bangalore city is situated at an elevation of more than 920 m above mean sea
level. The BBMP area is mainly drained by a part of the Arkavathi river catchment
to the west, South Pennar or South Pinakini river to the east (Figure 6).

The area is characterized by first and second order streams and only near
Bellandur it passes on to third order. There are many large sized lakes in this
sub-basin. In the Arkavathi sub-basin, the landscape is dotted with number of
mounds and hills and possesses only small sized tanks. These two main catchments
are further divided into three main watersheds namely; 4C1C8, 4B3B6 and 4B3B8

(Figure 6).

Figure 6 : Natural drainage sys:tem of BBMP area

In the watershed 4B3B6 there are two main tributory systems are flowing from
North East to South West direction and the other from east to west and
confluencing each other at Mysore road.

The watershed 4C1C8 (South Pennar or South Pinakini) in the eastern part of
- Bangalore covers more than 2/3 of the BBMP area. There are two major drainages,
one 1s from Yelahanka flowing south easterly and the other from Sarakki area
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flowing North easterly and both draining into the Bellandur tank and further the
stream system taking an easterly course.

Geology

The BBMP area forming a part of Peninsular Gneissic Complex is represented
by mafic gneiss, biotite gneiss, granodioritic gneiss with intrusives like dyke and
pegmatites. In the extreme eastern part, the gneissic rocks are encapped by
laterites. The Geological Survey of India identified this gneissic rock of more
then 2.5 billion years at the famous Lalbagh gardens and declared it as a National
Geological Monument. This Geological Monument is mainly biotite gneiss of
granitic to granodioritic composition and contain enclaves of older rocks.

Figure 7 : Peninsular gneiss in Lalbagh garden

Gneisses and granites are intruded by pegmatite, quartz veins and by basic dykes.
Dolerite dykes trending east-west direction across the gneissic foliation are
common. These dykes vary from 6 to 20m in width and stretches 1 to 3 Km
in length. Around Gavipuram locality porphyritic gneiss is well exposed. An outcrop
of augen gneiss is at Uttarahalli. Well foliated biotite gneiss inter layered with
2 to 10 cm thick pegmatitc veins are at Hulimavu, Adugodi, Hennur quarries and
Ulsoor lake in the eastern part of BBMP. Amphibolites of the Sargur super group
are to the north of Kamakashipalya.

There are many old quarry workings concentrated in South East, North East
and North part of Bangalore City (Figure 8).
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Figure 8 : Old quarry workings in BBMP limits

Parts in eastern block of BBMP like Byatarayanapura, Yelahanka, Domlur,
Marthahalli, Whitefield, Hudi are covered by thick laterite and or saprolite which
are the altered products of basement formation. These thick lateritised and
weathered formation are followed by hard granitic gneiss.

Water Supply to Bangalore

Water supply to Bangalore prior to 1896 was from a number of lakes viz.,
Dharmambudi, Sampangi, Ulsoor etc, supplemented by dug wells and Kalyanis.
In 1894 the first protected water supply was provided from Hesarghatta lake
across Arkavathi river.

Due to drying up of Hesaraghatta lake in subsequent years, urgent remedial
measures had to be initiated by a Committee headed by Sir M. Visweswaraiah
and there on a reservoir was commissioned on river Arkavathi (Chamaraja Sagar)
at Tippagondanahalli, downstream of Hesaraghatta lake. It was also to receive
flow from Kumudvati stream.
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The Cauvery river water supply was commissioned to the city in the year 1974
and water supply position was further periodically improved by commissioning
three more stages with Cauvery river water as its main source. Water is being
pumped from the river Cauvery, from a distance of about 100 km at approximately
900 million liters per day (MLD). Bangalore Water Supply and Sewerage Board
(BWSSB) is the authority for providing protected drinking water supply. The
details of Arkavathi and Cauvery water supply schemes are as below:

Source Established year Potential

(in MLD)
1. Arkavathi a) Hesarghatta 1896 36
b) T.G.Hally 1933 148
2. Cauvery a) Stage-1 1974 135
b) Stage-2 1982 135
c) Stage-3 1993 270
d) Stage-4 2002 270

On the basis of demographic growth and projection for subsequent years (Figure
9), as against the requirement at 200 LPCD, the shortage is estimated at 570
MLD. Shortages are met from groundwater. There is hence a tremendous
pressure in exploiting groundwater resource. '
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Figure 9 : Population growth of Bangalore city (Source: Census of India 2001)
(78 Lakhs for 2010 Projected)
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Zone wise details of BWSSB water supply connection and number of borewells in
the area of operation are given in Figure 10. It indicates that South and West
zones have the highest number of borewells. The old Bangalore is having better
water supply and also has the highest number of borewells (Figure 10).
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Figure 10 : Water supply connections and borewells, 2009
(Source: BWSSB)
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Impact of Lakes/Tanks on Groundwater Hydrology

Bangalore lakes are part of the local hydrologic system. The lakes built since
16th century have stood the test of time to canalise the monsoon flows. The lake
water was meeting the requirement of the then population. The entire scenario
changed from 1970 onwards. Preservation of lakes and maintaining appropriate
ecosystem came in danger through unprecedented demographic growth of the
city. Bangalore gave a boost to IT industry and there on it was called 'Silicon
Valley' of India. By focussing only on economic advantages, the lakes were grossly
neglected ( Figure 11).

Figure 11 : Ulsoor lake and its surroundings

The demographic explosion has put pressure on real estate. The residential areas
encroaching the drained lakes and domestic discharge into lakes caused pollution.
Many lakes are now the repositories of domestic and industrial wastes and open
sewage discharge. To compound the situation, there is little place for groundwater
recharge within the City limits. The groundwater recharge has dropped to the
lowest due to major extent of BBMP having turned into a concrete jungle.

Groundwater was once being exploited through open / dug wells or shallow bore
wells. The shallow aquifers have now dried. Now most of the deep bore wells have
tapped static groundwater resources. The groundwater resources in many parts
available at deeper levels also are unfit for consumption. The density of bore
wells in core area of 330 sq.km extent is 230 per sq.km.
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Groundwater and Bangalore city

The groundwater exploitation in Bangalore is now largely through lakhs of bore
wells tapping the deep seated aquifer. The groundwater resource is fast dwindling
and this is reflected by many bore wells drilled earlier having gone dry. More
than 800 deep bore wells have become defunct due to various reasons.

This is quite revealing by the pace at which the scramble for groundwater
exploitation is heading in Bangalore. In a span of one year (between February
2009 to January 2010), 14,483 bore wells were drilled (Table 4). The average growth
of bore wells during this period is 14.88 %. The bore well registered with BWSSB
in its area of operation of 330 sq.km stood at 1, 05,501. Many more bore well must
have been added during 2010 calendar year. The growth of bore well in Bangalore
City during 2009 along with cumulative number of bore wells in BWSSB operated
area is represented graphically in Figure 12.

Table 4 : Growth of bore wells during February 2009 - January 2010
in Bangalore city

Months New bore wells Bore wells Monthly
added each registered %
month with BWSSB growth
Jan-09 91018
Feb-09 924 91942 1.02
Mar-09 705 92647 0.77
Apr-09 965 93612 1.04
May-09 1136 94748 1.21
Jun-09 748 95496 0.79
Jul-09 904 96400 0.95
Aug-09 868 97268 0.90
Sep-09 2062 99330 2.12
Oct-09 838 100168 0.84
Nov-09 875 101043 0.87
Dec-09 2699 103742 2.67
Jan-10 1759 105501 1.70
Total 14483 Average 14.88

(Source: BWSSB, 2010)
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Figure 12 : Growth of Borewells in Bangalore City During 2009
(Source: BWSSB, 2010)

There is a tremendous pressure on this natural resource to meet the domestic, industrial
and commercial water supply demands. Demographically, Bangalore city is on the
path of high growth since 1970s. It is also depending on groundwater to meet ever
increasing demand.
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Groundwater level fluctuations

The Department of Mines and Geology has been monitoring monthly groundwater
levels in and around Bangalore city since 1973/74. The historical and current data
are computerized by using the software developed during Hydrology Project I.
The water levels monitored from most of the dug wells during seventies of the
last Century became non-functional and hence were replaced by bore wells. Details
of monitoring wells as cited in Figure 13 are given in Table 5 along with pre
monsoon water level data of 1975.

Bangalore Urban District

Figure 13 : Bangalore Urban District, BBMP area and monitoring wells
(numbered)
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Table 5 : Observation dug wells

SL Year of | Elevation| Depth| Dia | Steining Water Pre
No  [Location commence (m) (m) (m) (m) level monsoon
ment above monitored water
MSL upto level -
month/year 1975
Bannerughatta 1973 920.00 13.60 2.70 8.00 | 11-1992 9.93
Thimmenahalli 1974 882.00 9.75 2.10 9.00 6-1991 4.62
Byatarayanapura 1974 902.60 14.25 10.40 14.00 6-1985 10.38
Chikkabanavara 1974 879.00 26.69 1.75 20.00 12-1990 21.91
Yelahanka 1974 893.00 |[11.00 [ 350 | 11.00 | 6-1981 10.17
Kengeri 1974 808.00 |11.05 | 210 | 11.00 | 6-1989 9.21
Konappana agrahara 1974 920.00 13.00 2.90 13.00 9-1987 4.62
Avalahalli 1974 875.35 17.80 2.55 12.00 6-1985 8.87
Kethohalli 1973 810.00 |10.90 | 1.85| 10.00 | 12-1999 8.40
Byadarahalli 1972 876.20 18.00 2.30 16.00 8-1991 15.67
Begur 1973 900.00 9.40 2.50 9.00 | 10-2000 7.46
Talaghatpura 1974 863.00 16.00 2.50 14.50 5-1993 9.97

The groundwater levels for pre and post-monsoon period for the year 2010,
monitored through piezometers are furnished in Table 6.

Table 6: Pre-monsoon and post-monsoon depth to water level(m), 2010

SI. Location Pre-Monsoon Post-Monsoon
No (m) (m)
1 Bannerughatta 10.52 5.85
2 Thimmenahalli 4.80 3.12
3 Byatarayanapura 10.30 7.20
4 Chikkabanavara 22.01 21.35
5 Yelahanka 10.75 8.03
6 Kengeri 9.30 8.94
7 Konappana agrahara 4.85 3.98
8 Avalahalli 9.30 6.94
9 Kethohalli 8.98 4.05
10 Byadarahalli 16.01 12.10
11 Begur 8.27 3.82
12 Talaghatpura 10.31 9.92

DMG BANGALORE
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By the year 2009-10 all the observation dug wells were replaced by bore wells as
many of the monitoring stations were lost in road widening or buildings.

Bangalore northern and eastern region is covered by thick saprolite and hence
the recharge to groundwater is limited and depletion of water level is faster.
Many bore wells in these regions have gone dry and consequently the population
depends on water supply through tankers. The regular water supply system by
BWSSB and corporation is yet to reach these areas.

In case of monitoring stations located in Bannerughatta, Thimmenahalli, Avalahalli,
Kethohalli, Talaghatpura and Yelahanka, the water levels have declined. In certain
pockets, there has been transformation of these areas from agricultural base to
urban agglomeration.
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Correlation of Bore Well Depth with Total Dissolved Solids
and Fluoride in Groundwater

Apart from collection of groundwater samples from bore well/dug well, the
investigation included collection of other details like depth of bore wells, casing
depth, yield of bore wells, lifting device etc. Deeper bore wells are more in SE,
SW and Northern parts of the BBMP area.

The bore well depth data is projected as inverted surface plot in 3D (Figure 14)
which exhibits the different zones where the deeper bore wells are ventured. In
Figure 14, the red colour represents deepest bore well zones beyond 230 m. This
is followed by purple colour representing between 160 m to 230 m and blue
represents between 60 m to 160 m. The shallowest depth in green colour occupies
very small zone 1s upto 60 m depth. In earlier years of bore well advancement,
shallow zone was the common depth considered.

Depth of Borewell - Projected as inverted 3D map in BBMP area
( Data gathered during recent survey )

Figure 14 : Depth of bore well projected as inverted 3D surface
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The frequency range of depth reflects that more than 54 % of bore wells are
between 100 m and 200 m depth. About 30% of bore well are below 100 m depth
range. More than 300 m depth range bore wells are 0.56%. But,
m depth range accounts to 14.62% (Figure 15).
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Figure 15 : Percentage Frequency curve for different depth ranges of

bore wells from study area
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Total Dissolved Solids

There are several factors that affect groundwater quality. Longer the duration
groundwater moves through the rocks or sediments, the more mineralized it
becomes. Generally, water in recharge zones has a low level of mineralization
than in the discharge areas. Deeper bore wells comparatively have higher levels
of total dissolved solids.

Groundwater salinity is directly dependent on the concentrations of Na+ and
Cl- ions, which is derived from interaction of water with soil and rock. High TDS
values of 5970 mg/L and 2580 mg/L. were obtained from N19 and Q25 grids
respectively. Fig 16 shows the distribution of groundwater samples where the
TDS value is more than 1000 mg/L.
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Figure 16 : Total Dissolved Solids (>1000mg/L) in BBMP area

Out of 2137 ground water samples, about 14.60 % have analysed TDS of more
than 1000 mg/L. Figure 16 reveals that SE zone accounts for 33.0 %, followed by
NE zone and NW zone with 27.5 % and 25.54 % respectively where the TDS is
more than 1000mg/L. The SW is a zone with low content of TDS as compared to
the rest of the area. Significantly this correlates with depth of bore well analysis
as shown in Figure 14.
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Groundwater and Fluoride

Quality of groundwater is in general dependent upon the types of soil, weathered
depth and mineralogy of rock formations. Concentration of fluoride in
groundwater depends on the geological, chemical and physical characteristics of
aquifers. Rock chemistry, geological structures, hydrological condition,
groundwater age and residence time are some of the important factors of F rich
groundwater. The presence of high HCO3, Na, and pH favour release of F from
aquifer matrix into groundwater.

The data obtained on the depth of bore well is further correlated with the fluoride
concentrated area. Some of the samples analysed from South East, North East
and South West grids reflected the presence of fluoride more than the permissible
limit. To know the extent of its lateral distribution sampling was extended

to neighbouring grids around these vicinities and also from deeper bore wells
(Figure 17).
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Figure 17 : Fluoride in Groundwater, BBMP area

Highest fluoride content of 5.54 mg/L near Bellandur was analysed in groundwater.
Because of this more number of samples around these grids was collected. As a
result, three zones are identified where the fluoride concentration is above the
drinking water standard of 1.5 mg/L (Figure 17).
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Groundwater Hydrology

The Bangalore Urban District comprises of crystalline basement, mainly gneisses
and granites intruded by basic dykes. These formations have altered to laterite
along the eastern fringe of the city. The weathered mantle shall be the zone to
transmit water through fractures. The depth of weathering is often pronounced
along the linear features.

The weathered zone and the underlying sparsely fractured fresh rock form the
aquifer system in the area. Recharge to the system will be through the shallow
weathered zone, into deeper fractured rock.
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Figure 18a : Depth versus Yield of bore well, Dasarahalli area
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Figure 18b : Depth versus Yield of bore well, Bytarayanapura area
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Figure 18c : Depth versus Yield of bore well, Yalahanka area

The depth versus yield graphs of Dasarahalli, Bytarayanapura and Yalahanka
CMCs (Figures 18a, 18b and 18c) indicate that water bearing fracture zones are
upto 250 m to 300 m. The frequency of occurrence of water bearing zone declines
beyond 250 m. The groundwater sustainability from these deep sources are at
stake. It is relevant to keep in the backdrop that most of the bore wells drilled
upto 150 m to 180 m have gone dry with passage of time.

Saprolite a clay rich weathered material derived from prolonged in situ
decomposition of parent rock is tens of metres thick in the eastern part of
Bangalore city. As this is rich in clayey material, it generally displays very low
permeability of the order of 10-6 m/s, and generally sustains low yield and low
storage coefficient.

Statistical analysis of a large number of borewells in Bangalore urban district
has revealed that the average thickness of the weathered zone is 10 m. The storage
coefficient of the bed rock is very low. The transmissivity is also highly variable
because of heterogeneity of the aquifer medium.
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Groundwater availability and utilization

Bangalore city is located at an altitude of over 920 meters above mean sea level
and forms a part of water divide of the Arkavathi Sub basin towards west the
South Pinakini or South Pennar towards east.

In the absence of major perennial surface water resource nearby, the city at
several location/layouts depend on groundwater resource for daily requirements.
The main supply from the Cauvery river to Bangalore is from a distance of 98
km. This Cauvery river water supply is since inadequate to meet the increasing
demand, over exploitation of groundwater by the enlarging city agglomerates' has
further resulted in fast decline of groundwater level.

The average precipitation of Bangalore is 900 mm. The Bangalore city, over an
extent of 800 sq. km. receives nearly 72,000 ham of rainfall of which atleast 50%
can be conserved and utilized to meet the water demand in such locality where
water supply has not been initiated.

The groundwater recharge is worked out on certain assumptions by considering
the extent of BBMP area. The total recharge for entire city is 3075 ham.
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Groundwater Utilization

For computation of groundwater utilization, the data on existing dug wells/bore
wells in the Bangalore Urban agglomeration is very essential. Different
departments like BWSSB, KEB, City Corporation etc., though were contacted to
obtain realistic data on number of wells/bore wells, hours of pumping, yield of
bore wells etc. the same were not available from any of the agencies. However,
BWSSB, seven CMC's and one TMC area provided some data on the existing
bore wells located in core area maintained by them. Apart from it, information
was also obtained about number of private bore wells registered with them. After
considering the above available data from BWSSB, the groundwater draft of the
entire city area is worked out at 8169 ham.

The groundwater exploitation estimation in the city area is arrived at after
obtaining information from private water suppliers on the average hours of
pumping, average yield and average number of trips the water supply is made by
them per day. Thus, it is very difficult to asses the actual draft, as these
parameters vary from season to season and is solely demand driven. It is reported
that the peak demand could be from March to July or August of every year.
However considering all these aspects, the draft of groundwater is more than
twice the dynamic groundwater resources i.e. available for exploitation annually

in the extended BBMP area.

The total recharge assessed for the newly constituted BBMP area includes return
infiltration from the lakes. The assessment of groundwater resource in the
extended BBMP area of Bangalore city indicates that the resource is over
exploited. Consequent to this over exploitation, the quality of groundwater has
also deteriorated. The groundwater resource exploitation must be restricted to
the dynamic groundwater resource available during the year.
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Artificial Groundwater Recharge

The demand for water is mainly due to population pressure and higher scale of
social and economic activity. Groundwater level is declining drastically in the
last three decades resulting in drying up of open wells and shallow bore wells.

The only remedial measure to overcome the problem of over exploitation is to
conserve rain water and to have a judicious approach while using the water
resources.

In recent years the groundwater development is from the fractured aquifers
occurring at different depths between 100 m to 300 m. Recharge to the aquifers
should be such that the infiltration reaches the deep seated fracture system. It
is necessary to identify the location where recharge methods have to be
implemented. Geological investigation may come handy for such identification.
The information in regard to fractures, their depth etc. need be obtained
mainly by geophysical investigations or from the local enquiry from the public/
house owners.

The data available with BWSSB (for the core area of 330 sq.km) reveals that the
average density 1s 320 bore wells per square kilometer. The newly added area
of 380 sq.km and its habitations are solely dependent on ground water. The density
of bore wells must be still high in these areas. The total number of bore well
may be about 2.25 lakh. However, the same data could be extrapolated to these
areas in the absence of any reliable and accurate data for analysis purpose. The
uninhibited drilling of bore wells is a pointer of the city slipping to the brink of
a major groundwater crisis.

To reduce the impact of over exploitation of groundwater and consequent drying
up of aquifers in the city, the BWSSB brought out legislation and made mandatory
to implement some of the measures by property owners. This is known as "The
Bangalore Water Supply and Sewerage (Amendment) Act, 2009". It envisages
that "Every owner or occupier who has constructed building in the site area of
2400 square feet and above whether for residential / non residential / Government/
Commercial and any other purposes shall provide rain water harvesting
structures within nine months from the date of commencement of the amendment
Act 2009 in the following manner".

1.  Roof top rainwater shall be harvested through a storage tank or
recharged through an open well or a bore well in the building
irrespective of the nature of sub-soil conditions.
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1.  Land based rain water from the open spaces around the buildings/
gardens parks shall be harvested using appropriate groundwater
recharge structures depending on the nature of the sub-soil

conditions.

Similarly, the same conditions also apply to new constructions with site area of
1200 square feet and above. Apart from teething problems of aquifer acceptance,
this is one of the steps towards restoring the damage caused to the natural
groundwater aquifer system. Therefore roof top rain water harvesting measures
are to be strictly implemented as per "The Bangalore Water Supply and Sewerage
(Amendment) Act, 2009"

To overcome the onslaught of over exploitation of groundwater, various other
measures of artificial recharging of groundwater by active participation of different
civic agencies and other concerned faculties are needed. Important considerations
are to observe geohydrological features of the location where the recharge
structures are to be implemented.
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Restoration of lakes or tanks and Rainwater Harvesting

The benefit from restoration of lakes is huge. Hence, in the first instance it is
necessary to divert and bypass the sewage water flowing into the lakes. Only
unpolluted rainwater is to be made to flow into these lakes. This storage after
mandatory treatment and filtration could be a supplementary supply to residential
complexes. Some of these measures could be in the regions where BWSSB has
not yet initiated its regular water supply.

Due to the constraint of available open space in the city area, the parks and
other huge open premises are to be considered for recharge measures.

The infiltration galleries when to be provided can be of rectangle, square, circular
etc. Walls of these infiltration galleries could also be designed in such a way
that the water infiltrates through them without causing any sub surface
erosional problem.
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GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

Introduction

Water quality is as important as the quantity of water in water resource
management. The suitability of water for different purposes will be decided on
its quality. The water quality studies yield useful information of the environments
in which water is circulated. The rain water through soil/rock interaction alters
its chemistry. Groundwater sample analysis provides important clue about the
chemical characteristic of water of the sampled area. The present study is to
obtain comprehensive information on the quality of groundwater of
Bangalore City.

Under the Purpose Driven Studies (PDS) of the World Bank Aided Hydrology
Project Phase-II, a comprehensive study entitled "Groundwater Hydrology and
Groundwater Quality of Bangalore City" was taken up by the Department of Mines
and Geology, during the period from 2008-09 to 2010-11. To achieve this objective,
the study area was divided into northwest (NW), northeast (NE), southeast (SE)
and southwest (SW) quadrants. Each quadrant was further divided into one square
kilometer grid (Fig. 1). Depending upon the availability of groundwater based
structures, two to three water samples were collected from each grid. Over 3000
groundwater samples were collected and got analyzed for its quality in the
Laboratory at Directorate of Mines and Geology, Bangalore.

Previous work

The earlier studies conducted on groundwater quality of Bangalore City by the
Department are:

1. Urbanization and its effects on Environment-Groundwater pollution by
sewage in the Vrishabavathi valley near Bangalore Metropolis-A case study;
Gaikwad, R.L. et al. (1994, Groundwater studies 260).

2. Evaluation of Groundwater Quality Bangalore Metropolis; Shivashankar,
T.M and Vijaya Bhaskar Reddy, R. (1995 - Groundwater studies 287)

3.  Interpolation of Groundwater Quality of Bangalore urban Agglromeration;
D.Srikantamurthy (1998 - Groundwater studies 397)

4, Status of Groundwater Quality in and around Bangalore and its environs;
Basappa Reddy, M. (2003, Groundwater studies 426).

These studies indicated the pollution of groundwater through sewage effluents.
Because of groundwater contamination due to sewage and waste disposal and
occurrence of fluoride in groundwater, a systematic investigation of hydrogeology
and water quality of Bangalore city aquifers was taken up.
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Methodology
A. Sample Collection

Sample collection formats were designed for recording the field data. Sample
locations were recorded using Global Positioning System (GPS). Totally, 3456
water samples were collected during the pre-monsoon period of 2010, over an
area of 800 sq km in a grid pattern as already mentioned. Groundwater samples
so collected were from bore wells and dug wells in use (Fig. 1, Fig. 2 and

Table 1).
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Figure 1 : Grid Map, Bangalore City
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Table 1: Statement of water samples collected

Type ot Total Grids 735
sample
A Groundwater samples
Samples collected for chemical parameters 21.37
Samples for biological analysis 269
Samples exclusively for fluoride analysis 279
Samples exclusively for heavy metal analysis 276
Repeated samples g7
Samples for determination of contamination from
Petroleum products (oil/grease) 11
B Surface water samples (Lakes and Tanks)
Total Lake/Tank samples 384
Sewage effluent samples 3
Total water samples collected for analysis(A+B) 3456

The water sample bottles were thoroughly rinsed with water to be sampled and
packed under air tight condition. On field, the physical parameters like odour,
colour, temperature, pH were determined for all the samples and Dissolved
Oxygen (DO) only in case of lake water samples. Water sample collected were
chemically analysed within 24 hours. A few samples were re-collected for
reconfirmation of the results. The geochemical, bacteriological and heavy metal
analysis results of groundwater samples were utilized for generation of
geochemical maps in the GIS environment using Arc GIS software.

B. Chemical Analysis

Determination of Calcium and Magnesium were by EDTA titrations method,
Sodium and Potasium by flame emission photometry, total iron(Fe) by
Phenanthroline Spectrophotometry, Bicarbonate and Carbonate by titrimetry,
Chloride by Argnetometric titration, Nitrate by UV Spectrometry, Sulphate by
nephelometry, Total Dissolved Solids by gravimetry, Total Hardness by
potentiometry, fluoride by ion selection electrode method. Representative samples
collected for bacteriological contamination were analyzed for faecal coliforms by
electrical temperature fermentation and total coliforms by standard multiple tube
fermentation, and determined by adopting Most Probable Number (MPN) method.
The heavy metals like zinc, copper, lead, manganese, chromium, aluminum in
groundwater samples were determined by Atomic Absorption Spectrometer.
Suspected contamination of groundwater by petroleum products due to
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Table 2 : Range of Chemical constituents in Groundwater of the

Study area
Constituents Min Max Avg

Ca 3 688 93.00
Mg 1 295 30.06
Na 6 1099 100.15
K 0.04 346 7.20
Fe 0.001 48.5 0.51
HCO, 25.1 900 292.68
Co, : 38 13.95
Cl 8 2394 167.54
NO, 0.05 554 38.11
SO, 0.03 895 72.40
TDS 60 5970 682.72
TH 16 2720 353.21
F 0.05 5.32 0.39
SC 80 9850 1159.59
pH 5.49 8.99

(All values except pH and SC (umhos/cm at 250C) are in mg/L. n=2209)

Table 3 : Minimum, maximum and average values for

Bore well and dug well water samples

Constituents Borewell Dugwell
(mg/L) except
pH and SC Min Max Avg Min Max Avg

Ca 3 688 93.11 30 283 91.5
Mg 1 295 30.36 4 150 22.8
Na 6 1099 98.69 22 524 135.8
K 0.04 284 6.70 0.36 346 19.2
Fe 0.001 48.5 0.50 0.01 23.66 0.7
HCO, 25.1 900 290.99 123 860 334.6
CO, 38 14.38 0 0.0
Cl 8 2394 166.84 25 857 185.6
NO, 0.05 554 38.53 0.34 173 29.0
SO, 0.03 895 72.23 2.4 263 77.8
TDS 60 5970 679.75 220 2180 759.6
TH 16 2720 354.76 108 1308 319.7
F 0.05 5.32 0.39 0.09 1.09 0.4
SC 80 9850 1155.02 335 3790 1279.1
pH 5.49 8.94 6.06 8.1
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anthropological activity was tested by adopting gravimetric method. The accuracy
of the chemical analysis was verified by calculating ion-balance errors. The chemical
analysis results of the water samples were further subjected to statistical analysis
and the minimum, maximum and average values of the chemical composition of
groundwater are given in Table 2 and 3, and the average values for major cations
and anions in respect of bore wells and dug wells are shown in Fig. 3.

AVERAGE VALUES
MBW HOW
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700
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400
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200

100

CHEMICAL PARAMETERS

Figure 3 : Bore well and Dug well Average values

Discussion

Drinking water need be free from colour, turbidity and micro organisms. The
sroundwater in the study area is mainly used for drinking, domestic and industrial
purposes. A detailed analysis to determine the groundwater quality for drinking
and public health purposes as per the specification issued by the World Health
Organization (WHO, 1984) and Indian Standard (IS: 2003) was carried out and
is provided in Table 4.
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Table 4 : Critical paramaetrs and its effect on human body

Sl. | Parameters BIS prescribed limits Probable effects

No (mg/L) 1S:10500,2003
except pH Desirable | Permissible

limit limit
1. pH 6.5-8.5| No Indicative of acidic or alkaline water.
relaxation | affects taste and corrode water supply
system.

2. Hardness as 300 600 Affects water supply system (Scaling),
CaCO, excessive soap consumption

calcification of arteries, may cause

primary concretions, diseases of

kidney or bladder and stomach disorder)
3 Iron (Fe) 0.3 1.00 Gives bitter sweet astrigent taste,

causes staining of laundry and

porcelain in traces it is essential for

nutrition.

4, Chloride 250 1000 May be injur'ious to some people
(CD suffering from diseases of heart or

kidneys, taste, indigestion, corrosion
and palatability are affected.

5. Total 500 2000 Palatability decreases and may
Dissolved cause gastro-intestinal irritation in
Solids (TDS) human, may have laxative effect

particularly upon transits.

6. Calcium 75 200 Insufficiency causes severe rickets,
(Ca) excess causes concretions in the body

such as kidney or bladder stones and
irritation in urinary passages. Essentiall
for nervous and muscular system,
cardiac functions and in coagulation of
blood.

7. Sulphate 200 400 Causes gastro intestinal irritation
(SO, with Mg or Na can have cathartic

effect on users. Conc.more than
400mg/L along with Mg may have
laxative effect.
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8. Nitrate 45 No Causes infant methaemoglobinacmia
(NO,) relaxation | (Blue Babies) at very high
concentration causes gastric cancer
and adversely affects central nervous
system and cardiovascular system.

9. Fluoride (F) 1.0 1.5 Reduces dental carries, very high
concentration may cause crippling,
skeletal flurosis. Less than 1.0 mg/L is
essential

10. | Magnesium 30 100 If sulphate is more than 400 mg/L

Mg) and Magnesium exceeds 30 mg/L
then it affects our Intestinal system.

11. | Arsenic (As) 0.01 No Leads to gastro-Intestinal disorders

Relaxation [like pain, vomiting, diarrhea. And also
leads to cardio-vascular disorders.

12. | Copper (Cu) | 0.05 1.5 Astrigent taste, discoloration and
corrosion of pipes, fitting and utensils
will be caused beyond this.

13. | Manganese 0.10 0.3 Beyond this limit taste/appearance

(Mn) are affected, had adverse effect on
domestic uses and water supply
structures.

14. | Cadmium 0.01 No Beyond this the water becomes toxic.

(Cd) Relaxation
15. | Lead (Pb) 0.05 No Beyond this the water becomes toxic.
Relaxation

16. | Zinc (Zn) 5.0 15.0 Beyond this limit it can cause
astringent taste and an
opalescence in water

17. | Chromium 0.05 No May be carcinogenic above this

(Cr) Relaxation | limit. Hydro chemical facies and
groundwater classification:

Hydrochemical Facies and Groundwater Classification

The hydrochemical facies of groundwater is the cumulation function of soil,
lithology and other factors and can be classified based on dominant cations and
anions. The chemical composition of groundwater is dependent on various factors
such as rock weathering, rainfall, industrial discharges etc. The dominant factor,
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however, is weathering of rocks. Most of the pollutants could be anthropogenic.
It is evident that the dissolved ions in groundwater are from rock water
interaction. The varied conditions of weathering may result in change of
groundwater chemistry.

Cation Relationship

The constituents of Na, K, Ca and Mg in groundwater are commonly from soil-
rock-water interaction. However in urban area, sewage and industrial effluents
change the groundwater quality to variable extent. The concentration of Na, K,
Ca and Mg vary from 5.2 to 1099 mg/L(avg.100.10 mg/L); 0.04 to 4.58 mg/L (avg.
10.43 mg/Ly); 3.0 to 823 mg/ L(avg. 93.30 mg/ L) and 0.6 to 295 mg/ L(avg.30.1mg/
L), respectively. The percentage contribution of these cations is 43, 40, 13, and
4, respectively indicating that sodium and calcium are the dominant cations in
the groundwater of the study area Fig. 4
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Figure 4 : Relative proportion of major cations
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Anion Relationship

Among the anionic concentrations bicarbonate varies from 25.10 mg/L to 3118
mg/ L(avg.294mg/L),Chloride from 8.0mg/L to 2394mg/L (avg.166.98 mg/L),
Sulphate 0.03 mg/L to 895 mg/L (avg. 72.65 mg/L, Nitrate 0.05 mg/L to
554 mg/ L. (avg.38.15mg/ L. ), Carbonate 2.00 mg/ L. to 38.0 mg/ L. (avg.13.95
mg/L) and Fluoride from 0.05 mg/L to 5.32 mg/L (avg.0.39 mg/L ). In terms of
percentage the major anions like HCO, Cl, SO,, and NO, contribute 50, 25, 12
and 07, respectively. Bicarbonate is the dominant ion followed by chloride,
sulphate and nitrate. The relative proportion of major anions is shown in Fig. 5.
Correlation co-efficient matrix of chemical data of groundwater of the study area
1s given in Table 5.
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Figure 5 : Anion Concentration in Groundwater
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Relative proportion of major anions in groundwater

Table 5: Correlation coefficient matrix of chemical data of groundwater,
Bangalore City (n=2209)

21(.) Ca Mg Na K Fe HCO,| CO, Cl NO, SO, TDS | SC TH pH |F
1| Ca 1

2 | Mg 0.69 1

3 | Na 0.60 027 |1

4 | K 0.09 0.02 | 0.19 1

5 | Fe -0.02 | -0 -0.01 ] -0.03 |1

6 | HCO,[ 0.54 0.52 | 0.52 0.19 -0 1

7 | CO, |0.47 0.05 | 0.12 -0.26 | 0.09 1 0.02 | 1

8 | Cl 0.89 0.67 | 0.72 0.12 -0 0.37 1 023 1

9 | NO, [0.31 0.19 | 0.35 0.18 -0 0.04 | 0.02 | 0.30 1

10| SO, ]0.62 0.48 | 0.6 0.16 -0 0.43 | 0.30 | 0.50 020 | 1

11| TDS | 0.91 0.69 | 0.82 0.22 -0 0.62 | 0.29 | 0.90 0.40 1 0.70 | 1

12| SC 0.86 0.68 | 0.74 0.17 -0 0.59 | 0.31] 0.90 0.30 | 0.60 | 0.92] 1

13| TH 0.94 0.86 | 0.52 0.06 -0 0.57 | 0.40 | 0.90 0.30 | 0.60 ] 0.89] 0.90| 1

14| pH 0.01 0.02 -0.01 0.02 -0.10 | 0.20 | 0.67 | -0.10 | -0.20| 0.10 | 0.00] 0.00| 0.00 |1
15 F -0.03 | -0.00| 0.07 0.03 -0 0.20 | 0.28 | -0.10 | -0.10] 0.10 | -0.00} 0.00| -0.00{0 1

The cationic and anionic percentages calculated based on average value for dug
well and Bore well samples reveal Na>Ca >Mg>K and HCO, > Cl >S0O,> NO..
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H 4C1C8- U. Ponnaiyar
4B3B6- L.Arkavathi

& 4B3B8- Kumadvati

Figiire 7 : Watershed area (%), Bangalore City

Table 6 : Minimum, Maximum and Average values for three watersheds

Constituent Lower Arkavathi Kumadvati Ponniayar
(mg/L) except 4B3B6 (Upper Arkavathi) (South Pinakini)
pH & SC 4C1C8 4B3B8

Min. | Max. | Avg. Min. | Max. Avg. Min. | Max. Avg.
Ca 10 | 312 90.74 3| 688 89.66 10 680 140.2
Mg 4 156 35.42 1| 210 24.20 1 295 63.2
Na 6 | 325 91.92 8.2 (1099 | 104.29 8 385 100.6
K 0.562 | 226 6.63 | 0.04 | 346 7.67 | 1.29 43.6 7.3
Fe 0.004 | 18.4 0.41 [0.001 | 48.5 0.58 10.001 | 10.44 0.4
HCO, 38 | 788 | 338.62 | 25.1 | 860 | 263.63 43 900 356.3
Cl 8 | 997 | 130.72 8 12394 | 173.01 17 1870 290.0
NO, 0.06 | 554 36.02 | 0.05 | 335 ; 40.01 1.09 180 38.9
SO, 2.7 573 84.44 | 0.03 | 895 | 65.04 4.4 400 101.1
TDS 60 [ 1860 | 673.74 95 [5970 | 661.76 70 4035 959.8
TH 40 | 1308 | 369.41 16 [2552 | 321.28 44 2720 605.3
F 0.09 | 2.73 0.48 | 0.05 | 5.32 0.36 [0.061 0.72 0.3
SC 105 | 3340 |1152.60 80 | 9850 |1111.82 120 7210 |1703.1
pH 6.32 | 8.39 - | 549 | 8.94 - | 6.39 8.3
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As already mentioned, there are three main watersheds namely, Ponniayar
(4C1C8) in the eastern part of the city covering 67 % of the area, Arkavathi (4B3B6)
in the southwestern part which covers 25% of the area and Kumadvathi (4B3B8)
in the northwestern part covering a small area of 8% of the study area(Fig. 6
and Fig. 7). The minimum, maximum and average values for three watersheds
are given in Table 6.

The major Constituents based on average value for the three watersheds show:

(@) Na>Ca>Mg>K and HCO,>Cl> SO,>NO, relationship for Ponniayar and
Arkavathi watersheds and

(b) Ca>Na>Mg>K and HCO,>Cl> SO >NO, relationship for Kumadvathi
watershed.

Thus based on the cation - anion percentage, the groundwater of Bangalore city
1s categorised as "Na-Ca and HCO,-Cl-SO, facies in the order of dominance"

The "Indices of base exchange" (IBE) also known as "Chloro- Alkaline Indices"
(CAI) were calculated for bore well and dug well samples and also for all the
three watersheds separately, to know the process of 1onic exchange during rock-
water interaction by adopting the formula proposed by Schoeller (1977):

CAI1=Cl- Na+ K)/C1 and
CAI 2 = Cl- (Na + K) / (SO, + HCO, + NO,)
Positive CAI values noted for most of the groundwater samples suggest that the

sodium and potasium from water are exchanged with calcium and magnesium in
the rock following Base Exchange reactions (chlro-alkaline equilibrium).

Schoeller (1967) pointed out that ionic concentration during the stay of
groundwater within the subsurface follows the order:

I‘HCO3 > SO4 ------------------ Type I
As the duration of stay increases, the above relation changes to

With further increase of duration, the ionic concentration charges to
rCl > r SO, > rHCO, -----emmrmmmmmmciiee e Type 111

In the final stage the ionic concentration reaches

rCl >r SO, > rHCO, along with rNa> rMg>rCa --Type IV

(Where r stands for concentration expressed in epm)

These changes from type I to type IV depend on the residence time of water in
the subsurface and the extent of rock-water interaction. As per Schoeller (1967)
classification, the groundwater of the study area belong to type I category where
rHCO, > r SO,. The study has thus indicated that Na-Ca and HCO, - Cl - SO,

facies dominated in the area.
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Potability of Groundwater

The quality of drinking water is mainly referred to pH, Total Hardness as CaCO,,
Total Dissolved Solids, NO,, Fe and F apart from heavy metals and possible
bacteriological contaminations. The water suitability for drinking purposes is
categorized based on the specifications of WHO and IS standards - 2003.
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Hydrogen Ion Concentration (pH)

The pH the hydrogen ion concentration in water, from which the acidic or alkaline
nature of water can be determined.

The pH of groundwater in the study area varies from 5.49 to 8.94. A total of
94.30% of the samples have pH ranging from 6.5 to 8.5. The water with pH value
less than 6.5 (which exists in 5% samples) and more than 8.5 (that exists in only
0.70% of samples) which are acidic and alkaline, respectively are not potable. The
variation in pH value of groundwater of the study area is attributable to
lithological factors and also due to the anthropogenic activities.

Location wise and zone wise variation of pH value in groundwaters of Bangalore
is shown in Fig. 8, Fig. 9 and Fig. 10.
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Figure 8 : Groundwater pH, Bangalore City
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Figure 9 : Zone Wise Groundwater quality based on pH (<6.5)
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Figure 10 : Zone Wise Ground Water Quality based on pH (>8.5)

Fig. 9 and Fig. 10 show that the undesirable limits of pH (< 6.5 and > 8.5) shown

in red color, are more seen in Ponnaiyar water shed at eastern part of the study
area.
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Total Hardness (TH)

Hardness in water is mainly due to dissolved calcium and magnesium salts. The
calcium and magnesium in hardwater contributes to the encrustation that may
developed due to changes in temperature and pressure. The bicarbonate ions
exist in groundwater as a result of dissolved carbondioxide. The bicarbonates of
Ca and Mg cause carbonate hardness (temporary hardness) and the sulphate and
chlorides cause non-carbonate hardness (permanent hardness). Total Hardness
range from 16 to 2720 with an average of 354 (mg/L). Out of 2210 samples that
were analysed, 45% of the samples are within the desirable limit (<300 mg/L),
46% are within the permissible limit (300-600 mg/L) and only 9% in excess of the
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Figure 11 : Total hardness in Groundwater, Bangalore City
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permissible limit (>600mg/L). The results reveal that the hardness of the water
1s due to bicarbonate (temporary hardness). Location wise and spatial distribution
of TH in groundwater is given Fig.11 and Fig. 11.1.

The undesirable quality of groundwater based on total hardness attributable to
rock-water interaction (temporary hardness-09% of the total samples) is at WNW
and eastern boundaries of the study area. Further, 90% of the total samples
analysed are within the permissible limit (300-600mg/L).
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Figure 11.1 : Spatial Distribution of Total hardness, Bangalore City
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Total Dissolved Solids (TDS)

The total dissolved solids is the residue left after evaporation of a known volume
of water at 1050c. It is approximately equal to the total content of dissolved
substances in a water sample. TDS in the area range from 45 mg/L to 5970 mg/
L with an average of 685 mg/L.. Out of 2209 samples that were analysed, 31% are
within desirable limit of 500 mg/L, and 68% within permissible limit of 2000 mg/
L and only 13 samples (one percent) in excess of the prescribed Indian Standard.

Based on TDS content Davis and De Wiest (1966) classified water into Desirable
for drinking (<500 mg/L), permissible (500-1000 mg/L). If to consider this
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Figure 12 : Spatial Distribution of Total Dissolved Solids, Bangalore City
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classification, 31% of the samples fall within desirable limit and 55% within
permissible limit and only 14% above the permissible limit for drinking purpose.
Where as according to IS-2003, desirable and permissible limits for drinking
purpose are <500 mg/L and 500-2000 mg/L, respectively. As per this specification,
31% of the samples fall within the desirable limit and 68% within permissible
limit and only 01% above the permissible limit for drinking purpose (Fig. 12)

Based on TDS content, Catroll (1962), classified water into four categories viz;
fresh, brackish, saline and brine (Table 7).

Table 7 : Water classification based on TDS values (Catroll, 1962)

TDS mg/L Nature of water Samples (%)
<1000 Fresh water 86
1000-10,000 Brackish 14
10,000-1,00,000 Saline

>1,00,000 | Brine

The data presented in Table 7 shows that 86% of water samples are fresh and
the rest of 14% are brackish.

Water Quality for Livestock
Hem's classification (1970) based on TDS for the livestock are furnished in Table 8.

Table 8 : Upper limit for livestock (after Hem, 1970)

S1. No. Livestock TDS(mg/L)
1 Poultry 2860

2 Pigs 5290

3 Horses 6435

4 Cattle(Dairy) ¢ 7150

5 Sheep(adult) 12,900

As per this specification 99.50% of the groundwater of the study area is suitable
for livestocks.
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Mechanism of Groundwater Chemistry

In order to ascertain the mechanism controlling the chemical composition of
groundwater of Bangalore City, Gibb's ratio (Gibbs, 1970), calculated for (Na+K/
Na+K+Ca) and anions (CI/CI+HCO,) shows that 70% of groundwater samples are
controlled by rock-water interaction and 30% by the process of precipitation. This
supports the data obtained from positive chloro-alkaline index (Schoeller).

(d) Total Iron (Fe)

The concentration of total Iron in Groundwater sample varies from 0.001 mg/L
to as high as 48.50 mg/LL with an average value of 0.53 mg/L. The high content
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Figure 13 : Iron in Groundwater, Bangalore city

58 DMG BANGALORE



GROUNDWATER HYDROLOGY AND GROUNDWATER QUALITY IN AND AROUND BANGALORE CITY

of iron in the groundwater samples is attributable to the corrosion of casing pipes
of the bore wells. It is noted that 75% of the samples have shown Iron content
within the desirable limit( 0.3 mg/L) and 15% of the sample are within permissible
limit (1.0mg/L) and only 10% of the samples have Iron content in excess of
permissible limit. Fig.13 and Fig.13.1 shows the distribution of Iron in groundwater
of the study area.
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Figure 13.1 : Spatial Distribution Map of Iron
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The iron concentration in excess of desirable limits affects the taste and colour
of water and has adverse effects on long term consumption. This also promotes
the growth of iron bacteria. When the iron contents of the water at the source
is in excess of the specified limit, treatment for removal 1s necessary.

(e) Nitrate (NO,)

The nitrate content in groundwater varies from less than one mg/L to 554
mg/L with an average of 38.34 mg/L. Out of 2209 samples, 71% have nitrate
content less than the desirable limit (<45 mg/L) and 29% (643 locations)
have excess of nitrate content(>45 mg/L) rendering unfit for drinking As
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Figure 14 : Nitrate concentration in Groundwater, Bangalore City
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Per Indian Standards (IS : 2003). Higher concentration indicates the effect of
human activity (discharge of untreated sewage effluents) and a significant level
of pollution.

The location of nitrate concentration and the spatial distribution maps are given
in Fig. 14, Fig. 14.1 & Fig. 14.2 respectively.
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Figure 14.1 : Spatial Distribution of Nitrate in groundwater,
Bangalore City
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Figure 14.2 : Zone wise Distribution of Nitrate (>desirable limit)

Nitrate in groundwater cannot be due to rock-water interaction in the area. There
is no major agricultural activity nor application of nitrogenous fertilizers since it
1s an urban area with concrete jungle. Given with such a situation high content
of nitrate may have to be looked into the source of sewage carrying unlined
channels of the Arkavathi and Ponnaiyar watersheds as the causative factors. In
fact heavy sweage load in the western part of the study area is by the
Vrushabhavathi river a tributary of Arkavathi. However, there are certain isolated
pockets of high nitrate content in the peripheral parts that can be attributed to
direct untreated, sewage disposals. Raju et al (1992) have observed that the nitrate
content increases with the percolated sewage effluents as compared to the input
of raw wastewater. Relatively higher content of nitrate in isolation in residential
area, suggest local contamination due to improper sanitary conditions, leachate
from animal wastes, sewage infiltration (in the absence of proof sewer system in
the city) and solid waste dumps and kitchen garden manures/fertilizers.

The primary health hazard linked to excessive nitrate content in drinking water
1s methomoglobinemia, which affects infants. WHO has also stated that excessive
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consumption of nitrate rich water leads to carcinogenesis. Morales-Suarez-Varela
et.al, (1995) have reported an increased mortality rates from gastric and prostate
cancer with prolonged consumption of excess nitrate in drinking water in Spain.
Grant et al (1996), identified a cluster of spontaneous abortions in India possibly
related to ingestion of nitrate-contaminated well water.

The field study has revealed that the topographic depressions and local water
bodies (many tanks/lakes in the city) are with domestic waste sewage effluents
that are enriched in nitrogen (Fig. 15).

High contents of nitrate associated with high Cl and Na (Table-5), indicate
contamination of groundwater possibly from septic tanks, sewage effluent or
barnyard pollution. This feature is essentially noticed in the new Bhruhath
Bangalore Mahanagara Palike peripheral parts, where there are no proper
underground drainage facilities. As compared ‘to the dug wells (unconfined
aquifers), presence of nitrate in bore wells which have tapped semi confined
aquifers are high.

() Fluoride (F)

A Fluoride concentration of less than 1.0 mg/L in drinking water effectively
reduces dental caries without harmful effects on health. Fluoride content in the
groundwater samples varies from 0.03 mg/L to 5.54mg/L with an average of
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0.65mg/L. It is significant to note that 99% of the samples contain fluoride less
than of 1.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>