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PREFACE

The tiny State of Kerala, located in the South-western tip of India, accounts for only 1.2 percent of its geographical area and
is home to about 3 percent of its population. Though richly endowed with surface water sources such as rivers, tanks and
ponds and having average annual rainfall exceeding 3000 mm, the topographic and geomorphic settings of the State allow
utilization of only a small portion of the available resources. Nearly 88 percent of the total geographical area of the State is
underlain by crystalline rocks devoid of any primary porosity, which limits the ground water prospects of the State as well.
In alluvial formations with multiple aquifer systems in part of the coastal tract, quality is often a constraint in the optimal
development of available resources. Increasing population, rapid urbanization, industrial development and human
interventions in the ecosystem have resulted in increasing pressure on the limited ground water resources over the last few
decades in the State. Judicious and planned development of ground water and its scientific management have become
necessary to ensure long-term sustainability of this precious natural resource. This requires a proper understanding of the
disposition, extents, characteristics, status of resource utilization and quality aspects of the water-bearing formations.

A vast amount of scientific information related to various aspects of the ground water regime has been generated over the
years during various studies and investigations carried out by Central Ground Water Board and other Central and State
Government organizations. The document entitled ‘Aquifer Systems of Kerala’ is an attempt by the Board to compile all the
available information on the water-bearing formations in the State and to group them into a manageable number of
categories based on their lithological, hydrological and hydrochemical characteristics. Accordingly, the water bearing
formations of the State have been grouped into 10 principal aquifer groups and an equal number of major aquifer systems.
Thematic maps depicting various aspects of the ground water regime such as water levels, chemical quality, status of
ground water utilization and vulnerability to over-exploitation and contamination etc. have been prepared and presented in
the document. Relevant information pertaining to rainfall distribution, population density, drainage particulars and
feasibility of area for ground water development, artificial recharge & water conservation and ground water regulation has
also been included. This document is intended as a guide and reference for various scientific interventions aimed at
sustainable development and judicious management of ground water resources of Kerala.

This document has been prepared under the guidance of Dr. S C Dhiman, Chairman, Central Ground Water Board and
through the sincere and painstaking efforts of the officers of the Central Ground Water Board, Kerala Region, Trivandrum. I
take this opportunity to thank each and every one of them for their help and cooperation in the preparation of this report. I
am also thankful to the Chairman, Members and officers of CGWB, Faridabad for their valuable guidance in finalizing this
document. Thanks are also due to various organizations of Government of Kerala and Government of India for providing
data required for the compilation of this document.

I hope this compilation will be of help to the planners, administrators and stakeholders in the water sector in Kerala and
will serve as a useful guide for the optimal and sustainable management of its limited ground water resources.
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Thiruvananthapuram (Dr. Nandakumaran. P)
September 2012 Regional Director












INTRODUCTION

Water is one of the most crucial elements in our national developmental planning for the 21st century. The proper management of our limited
water resources will be essential to ensure food security for our growing population and to eliminate poverty. It will also be essential to avoid the
growing conflicts and the possibility of social unrest in the country in future due to water scarcity.

Kerala State, with average annual rainfall exceeding 3000 mm, as many as 44 rivers traversing it and a large number of surface water bodies, is
blessed with abundant water resources. Sustainable and equitable use of water in the State has traditionally been ensured by cultural adaptation
to water availability through water conservation technologies, agricultural systems and cropping patterns adapted to different areas and
conservation-based life styles. However, in spite of the apparent availability of fresh water resources in sufficient quantities, frequent incidents
of severe drinking water scarcity are being reported from many areas of the State. This is partly due to natural reasons such as the undulating
topography of land and the limited water holding and storage capacity of hard crystalline rocks which underlie as much as 88% area of the State.
In addition, various anthropogenic activities including large scale destruction of surface water bodies, indiscriminate sand mining from rivers,
rapid urbanization and changing life-styles have also contributed to increasing use of fresh water. The limited ground water resource available,
which is one of the major sources of fresh water, especially in rural habitations in the State, has also come under increasing stress in recent
decades due to increasing exploitation and contamination.

The annual replenishable ground water resources of Kerala have been reassessed at 6.7 billion cubic meters (bcm) as in March, 2011. The main
source of ground water resources is recharge from rainfall which contributes about 82% of the total annual replenishable resources. The net
annual ground water availability in the State has been assessed at 6.01 bcm after keeping a provision for natural discharge. The annual ground
water draft in the State as in March, 2011 is about 2.8 bcm. The stage of ground water development for the State as a whole has been computed
as 47%. The utilization pattern is, however, uneven across the State, with ground water stressed conditions in some parts and sub-optimal ground
water development in some others. Out of the total of 152 assessment units (blocks) in the State for which the assessment was carried out,
Chittoor block of Palakkad district has been categorized as ‘Over-exploited’, whereas Malampuzha block of Palakkad district and Kasaragod
block of Kasaragod district have been categorized as ‘Critical’. A total of 23 blocks located in different districts have been categorized as ‘Semi-
critical’ and the remaining 123 blocks as ‘Safe’. In spite of the relatively low level of ground water development in the State, problems related to
shortage, mainly for drinking and domestic uses and contamination of water due to natural and anthropogenic causes are felt in different areas of
the State.

The increasing stress on the limited ground water resources calls for immediate action for sustainable ground water resource management in the
State. Groundwater resources available in aquifers needs to be managed with a combination of reasonable scientific knowledge, adequate
monitoring and sustained political commitment and provisions for institutional arrangements. Considering the complexity of the ground water
regime and the intrinsic variability of ground water systems and socio-economic situations, no single approach can fully relieve pressures on its
groundwater resources. Incremental improvements in resource management and protection can, however, be achieved through suitable means.
The added uncertainty of global environmental and climate change reinforces the need for sound resource management and for providing
additional social and political impetus for scientific management interventions. Groundwater also needs to be considered as part of an integrated
water resources management approach that co-ordinates land and water resources management, recognises water quantity and quality linkages,
manages surface water and groundwater resources conjunctively and protects and restores natural systems. This integrated approach presents
new challenges for groundwater management such as the need for better understanding of the effects on groundwater recharge quantity and
quality of various ground water systems and many other issues.

It is in this context that systematic mapping of aquifer systems assumes great relevance in a State like Kerala. Aquifer mapping is a scientific
process wherein a combination of geologic, geophysical, hydrologic, and chemical field and laboratory analyses are applied to characterize the
quantity, quality, and “sustainability” of ground water in aquifers. The objective of aquifer mapping is to provide critically needed information
on the State’s ground water for planning its sustainable development. The products of aquifer mapping studies improve our understanding of the
geologic framework of aquifers, their hydrologic characteristics, water levels in the aquifers and how they change over time, and the occurrence
of natural and anthropogenic contaminants that affect the quality of ground water. Results of aquifer mapping can significantly contribute to
resource management tools such as long-term aquifer monitoring networks and conceptual and quantitative regional ground-water-flow models
besides helping planners, policy makers and other stakeholders in taking scientifically defensible decisions.

Aquifer mapping, through ground water management studies, water level and quality monitoring, exploratory drilling and aquifer testing has
been an on-going activity of Central Ground Water Board in Kerala since its inception. A vast amount of scientific data on various aspects of
ground water occurrence, development and management have been generated by Central Ground Water Board and various other Central and
State Government organizations over the years as part of their studies. This data has been of immense help in planning ground water resource
management in the State. The present endeavour is an effort by the CGWB to compile the available information on the ground water resources in
Kerala in terms of their areal extents and characteristics in the form of a publication entitled ‘Aquifer Systems of Kerala’. In this publication, the
water bearing formations of the State have been grouped into 10 principal aquifer groups and an equal number of important aquifer systems
based on their lithological, hydrological and hydrochemical characteristics.

This publication provides an overview of the major aquifer systems in the State and will provide the base for the National Aquifer Mapping
Programme for mapping the aquifer systems at scales of 1:50,000 or larger, being taken up by Central Ground Water Board during the XII and
XIII Plans. This ambitious venture will involve compilation and synthesis of all relevant data collected by CGWB and various other agencies, to
identify existing data gaps, fill them through suitable investigations and finally, to bring out comprehensive aquifer maps as well as realistic and
scientific management plans to ensure their long-term sustainability. Detailed accounts of the aquifer types, their characteristics and spatial
extents are given in the succeeding sections of this publication.



Table 1: Administrative Divisions of Kerala

Sl No

Name of the District

Area

Taluks

Development

Municipalities/

Blocks Corporations

1 Alappuzha 1414 6 12 5
2 Ernakulam 3068 7 14 11/1
3 |dukki 4358 4 8 1
4 Kannur 2966 3 11 6
5 Kasargod 1992 2 6 3
6 Kollam 2491 5 11 3/1
7 Kottayam 2208 5 11 4
8 Kozhikode 2344 3 12 2/1
9 Malappuram 3550 6 15 7
10 Palakkad 4480 5 13 4
11 Pathanamthitta 2637 3 8 3
12 Thiruvananthapuram 2192 4 11 4/1
13 | Thrissur 3032 5 16 6/1
14 Wayanad 2131 3 4 1

Total 38863 63 152 60/5

Source : www.census2011.co.in
Area in Sq.Km
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Table 10a : District wise Details of Ground Water Exploration in Kerala

'?cl, Name of the District Area F?aer':gt;g DI;::ZLge DGl Az
(m bgl) (Ips) EW ow PZ Total
1 | Alappuzha 1414 200-601 1-33 38 - 29 67
2 | Ernakulam 3068 130-296 1-20 34 - 17 51
3 | Idukki 4358 34-233 0.1- 14 20 - 9 29
4 | Kannur 2966 86-200 0.2- 14 16 - 17 33
5 | Kasargod 1992 60-200 05-7 31 - 24 55
6 | Kollam 2491 114-416 0.3- 20 57 - 17 74
7 | Kottayam 2208 86-200 0.5- 20 16 - 11 27
8 | Kozhikode 2344 114-200 0.2-17 17 - 21 38
9 | Malappuram 3550 89-300 0.3- 15 28 - 33 61
10 | Palakkad 4480 59-300 0.5-38 58 - 36 94
11 | Pathanamthitta 2637 44-257 0.5-29 50 - 8 58
12 | Thiruvananthapuram 2192 52-200 0.2- 20 40 - 23 63
13 | Thrissur 3032 69-301 0.2-24 40 - 13 53
14 | Wayanad 2131 60-200 0.3 - 11 17 - 9 26
Total 38863 34-601 0.10- 38 462 267 729

m bgl - metre below ground level

Ips - litre per second

Table 10b : District-wise and Aquifer- wise Number of Ground Water Exploratory Wells

Ny hemeotihe l Anyyial - Granite | Charnockite | Khondalite| BGC | Geniss | Total
1 | Alappuzha 33 3 1 1 - NA - 38
2 | Ernakulam 22 - NA 10 NA - 2 34
3 | Idukki NA NA - 13 NA - 7 20
4 | Kannur 4 2 NA - NA 10 NA 16
5 | Kasargod 4 3 NA 24 NA NA - 31
6 | Kollam 4 8 NA 6 37 NA 2 57
7 | Kottayam 4 3 NA 8 NA NA 1 16
8 | Kozhikode 3 - NA 4 NA 10 NA 17
9 | Malappuram 6 1 NA 18 NA 3 - 28
10 | Palakkad NA NA NA 7 NA NA 51 58
11 | Pathanamthitta 2 2 - 40 2 NA 4 50
12 | Thiruvananthapuram 3 6 NA NA 31 NA NA 40
13 | Thrissur 14 2 NA 18 NA - 6 40
14 | Wayanad NA NA - 3 NA 14 - 17
Total 99 30 1 152 70 37 73 462

NA - Aquifer not available

*No exploration done in Schist and Quartzite Aquifers
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PLATE XXX AQUIFER SYSTEMS OF KERALA

AREA SUITABLE FOR GROUND WATER DEVELOPMENT WE
AQUIFER MANAGEMENT PLAN s
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PLATE XXXI

AQUIFER SYSTEMS OF KERALA
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WAY FORWARD

The document entitled ‘Aquifer Systems of Kerala’ is an effort of Central Ground Water Board to compile the available
information on the important water-bearing formations in the State and to group them into a manageable number of
categories based on their lithological, hydrological and hydrochemical characteristics. This has culminated in the grouping
of ground water systems of Kerala into 10 major aquifer systems. This document will serve as the base for the National
Aquifer Mapping Programme of CGWB during the XII and XIII Plans in the State, which aims at detailed and systematic
mapping of the aquifers on scales of 1:50,000 or larger.

As a base document for the National Aquifer Mapping Programme, ‘Aquifer Systems of Kerala’ provides valuable
information on the areal and vertical extents of major aquifers, the nature and behaviour of ground water contained in them
as well as the hydrochemical characteristics of the formation waters. It also helps in the quantitative and qualitative
assessment of ground water resources and also in understanding its vulnerability to various stresses on a regional scale.

However, considering the diversity of geomorphic and hydrogeologic settings and the hydrochemical variations in the
aquifer systems in the State, this is to be considered as the first step in the challenging task of formulating strategies for
ensuring long-term sustainability of our precious ground water resources which will contribute significantly in achieving
water and food security of the State. This will involve a host of activities, the most important of which are listed below:

% Collection, compilation and synthesis of all available information on ground water resources of identified aquifer
systems at scales of 1:50,000 in general and at larger scales for critical and vulnerable areas for the State as a whole.

» Identification of data gaps in terms of information on litho-stratigraphy of water bearing formations, ground water
conditions, spatial and temporal variations of water levels, ground water development status and hydrochemical
characteristics.

L)

Planning of cost-effective scientific investigations suited to various terrain conditions aimed at filling the data gaps.

) )
0.0 0.0

Micro-level hydrogeological investigations supplemented by hydrometeorological, hydrological, remote sensing,
geophysical and hydrochemical studies on the status of ground water regime, its characteristics and linkages with
rainfall, surface water resources, prevailing water use pattern, socio-economic conditions etc.

» Demarcation of vulnerable areas in terms of ground water depletion and contamination from natural or anthropogenic

L)

sources and quantitative assessment of the extent of vulnerability of each aquifer system. This will help formulate
plans for addressing location-specific vulnerability concerns in the such as over-exploitation, water level decline and
environmental degradation due to indiscriminate river sand mining, ground water contamination due to municipal,
agricultural and industrial pollutants, seawater ingress into coastal freshwater aquifers etc.

*» Quantitative assessment of the ground water resources in each aquifer, status of their utilization, scope for future
development for various uses and sectoral allocation of the resources based on assigned priorities.

% Integration of the data collected on a suitable GIS platform and preparation of thematic layers at suitable scales,
depicting important parameters having a direct or indirect impact on ground water resources.

¢ Integration of thematic maps to form comprehensive aquifer maps at sub-basin, watershed and micro-watershed
scales.

¢ Development of calibrated ground water flow and solute transport models at appropriate scales to function as
Decision Support Systems to help planners choose the best and scientifically defensible management interventions for
aquifer management.

¢ Formulation of strategies for ensuring long-term sustainability of ground water resources in identified aquifers and
for protecting their quality through a judicious mix of supply side and demand side strategies. This may involve
various measures such as recharge augmentation, ground water regulation, water conservation, aquifer remediation,
improvements in water use efficiency etc. depending on the characteristics of aquifers, status of ground water
development and the vulnerability of the aquifer systems.

The aquifer mapping programme is aimed at the development of aquifer management plans and water security plans,
ultimately at the village level. It will then be possible for us to move on to the implementation of management of ground
water resources by the local communities, which is now proving to be the best strategy for ensuring the long-term
sustainability and protection of ground water resources.
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