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Foreword and Acknowledgement

Agriculture and allied services account for more than 17 per cent of India’s GDP
(Ministry of Statistics and Programme Implementation, 2016), employing more
than 50 per cent of India’s workforce (Planning Commission, 2014). Sixty-four
per cent of India’s net irrigated area is groundwater irrigated (Agriculture Census,
2014a). Groundwater forms the backbone of India’s agricultural economy. At
the same time, more than 66 per cent of India’s rural drinking water and 27 per
cent of urban drinking water is also sourced from groundwater (Census, 2011).
A survey of 27 industrial sectors by Columbia Water Center and FICCI shows that
55 per cent of industries rely on groundwater, with or without some other source
of water (Perveen, Sen, & Ghosh, 2012).
Groundwater irrigation in India progressed from the use of large-diameter open
wells or dug wells, followed by the use of bore wells or tube wells. Bore wells or
tube wells proliferated due to either low costs of drilling or drying up of shallow
aquifers or both. Over-exploitation of aquifers led to the further deepening of bore
wells and tube wells. This trajectory of groundwater development in India has also
had a bearing on the energy requirements for agriculture, with falling water tables
and direct pumping from aquifers tapped in bore wells leading to a higher energy
requirement.
Nearly 70 per cent of the irrigation water today comes from India’s aquifers
as compared to some 30 per cent just after Independence (Indian Agricultural
Statistics, 2008). However, almost 50 years of unregulated groundwater irrigation
has resulted in large pockets of groundwater stressed areas, which show a close
match with the areas in the country with the highest agricultural productivities.
Falling water tables have resulted in drilling deeper to sustain productivities.
Almost 60 per cent of India’s districts face some or the other groundwater issue—
they are vulnerable to groundwater problems either in terms of quantity and/
or groundwater quality (Kulkarni, Shankar, & Krishnan, 2009). The aquifers
in the districts where groundwater is currently ‘underdeveloped’ in terms of low
access to groundwater for irrigation, are being considered as untapped resource
pools. Policies for increasing groundwater dependency in these regions are
being formulated to improve agricultural livelihoods in the states of Jharkhand,
Chhattisgarh, Odisha and West Bengal.
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The Central Groundwater Board’s (CGWB) periodic groundwater assessments
for India provide an ‘allowance’ of 5 to 10 per cent of the annual replenishable
groundwater resources in the form of base flows. This figure, cumulated for the
country, is 35 bcm. The CGWB’s assessment empirically estimates base flows and
thus there is a high likelihood of this figure being a gross underestimate of the real
value. However, even 35 bcm is a very large quantum of water, given that this is
almost equal to the total water usage across all sectors of Bangladesh and three
times the total water usage of Sri Lanka and Bhutan taken together (Food and
Agriculture Organization, 2012). Base flows perform a very important ecological
service of providing non-monsoon flows to the peninsular Indian rivers and part
of the non-monsoon flows to the snow-fed rivers originating in the Himalayan and
sub-Himalayan regions.
The promotion of a ‘generic’ policy for groundwater sourcing for different types of
uses across all aquifer settings has led to competition between users and different
uses, frequently causing groundwater over exploitation, quality depletion and
damage to eco-systems. The commonly followed approach in India continues to
focus on ‘exploring and sourcing groundwater’. Subsidies on drilling or digging
wells, on energy supplies and the direct or indirect promotion of water intensive
crops, in an attempt to improve agricultural productivity, continue unabated. A
fundamental assumption of this policy is the uniform availability of groundwater
for irrigation across large swaths of India’s ‘geo-diverse’ landscape and a variety
of hydrogeological settings.
The Forum for Policy Dialogue on Water Conflicts in India (the Forum, in short)
focused on the Mahanadi basin as a part of its third phase of engagement with
water conflict transformation in India. This engagement involved research and
dialogue around water from a river basin perspective, and groundwater formed
a thematic of the engagement which was anchored by ACWADAM. This report
provides an outline of the status of groundwater, and scenarios of competition and
conflicts around groundwater, in the Mahanadi river basin. The report is based on
secondary data analysis of groundwater related datasets, especially those from
the CGWB, rapid field assessments in select locations and stakeholder dialogue.
This is a preliminary document that can be used as a reference point for detailed
groundwater studies in the basin. The Forum and ACWADAM will continue
their engagement around groundwater through different modes of stakeholder
interactions in the basin.
Groundwater in the Mahanadi basin is largely in the ‘safe’ category according
to the CGWB assessments (Central Ground Water Board, 2014). However, the
CGWB’s report also shows that many districts in the basin are affected by fluoride
contamination (Central Ground Water Board, 2010). Various datasets including
viii | Groundwater in the Mahanadi River Basin

the minor irrigation census, agriculture census, CGWB assessments and rainfall
data, to name a few, have been used to develop a regional groundwater status
and dependency of the basin. Further, rapid field hydrogeological assessments
were carried out in three locations, viz. the Hasdeo basin, the Hirakud dam’s
command area and the Mahanadi delta, for ground-proofing of the secondary
data and to develop an understanding of the current groundwater usage in the
basin.
The three locations selected for field studies showed distinctness in geology,
hydrogeology and groundwater use and development. Aquifer dynamics in each
location are diverse and often contrasting. Equity around the use of surface
water in the basin has been discussed in great detail, largely around allocation
issues from the Hirakud dam. Equity around groundwater use is seldom given
importance and consideration at river basin scales in India.
This research included rapid field assessments in selected locations. The field
work was possible thanks to the local knowledge and support provided by
different organisations and individuals. This research has been enriched by the
insights provided by the local level stakeholders from the Mahanadi basin. In
particular, we would like to thank Satya Prakash Jaiswal from SROUT, Korba,
for the assistance he provided in the field work conducted in the entire Hasdeo
basin; Ashok Pradhan and the Pashchim Odisha Krishak Sangh for their assistance
in the command area of the Hirakud dam; Pranab Choudhary of the Baitarni
Initiative and Saumya Sahoo for their help in the Mahanadi delta. We would also
like to thank the basin stakeholders and the Steering Committee members of the
Forum for providing critique on the findings of the research that were periodically
presented to them. This critique helped greatly in refining the research. The
Arghyam Trust receives a special mention here for their support and patience.
Finally, we would like to thank the entire SOPPECOM team and colleagues at
ACWADAM for their support.
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Introduction

The widespread dependence on groundwater in India has been well documented.
More than 80 per cent of the rural drinking water supply is derived from
groundwater (Department of Drinking Water & Sanitation, 2009; World
Bank, 2010) while 60 to 70 per cent of the net irrigated area is irrigated using
groundwater (Kulkarni et al., 2009; Shankar, Kulkarni & Krishnan, 2011).
Moreover, urban areas also show a growing dependence on groundwater due to
the poor quality of the urban water supply (Narain, 2012). Groundwater has also
begun to form the largest supplemental source of the industrial water requirement.
As towns and cities grow, society’s dependence on groundwater increases, either
as a supplement to surface water or as a stand-alone resource. Tens of millions
of wells in India bear testimony to the fact that almost anyone in India can access
groundwater of their own free will by ‘digging’ or ‘drilling’ wells. While this has
enabled access to groundwater to many, it has also created a ground for open
competition to tap a resource with a complex set of stock and flow characteristics.
Access to technology, whether for drilling or pumping, is not necessarily a big
constraint, facilitating an eventual ‘race to the pump house’.
The dynamics of the competition surrounding groundwater resources depend
upon the properties of aquifers that govern the accumulation and movement
of groundwater (Kulkarni et al., 2014). These properties, commonly called
hydrogeological characteristics, decide the outcomes of the groundwater
competition in the forms of ‘who wins and who loses’. The outcomes themselves
have significant implications not only in terms of resource sustainability, but also
around equity and justice in the use of groundwater resources. It is important to
understand such competition because of its potential to precipitate into fully blown
conflicts.
The groundwater crisis in large parts of India is partly derived from the large
dependency on groundwater and partly from the very nature of the groundwater
resources. The fugitive and invisible nature of groundwater (Blomquist & Ostrom,
1985; Ostrom, 1990) coupled with land rights that provide unconditional
groundwater access for everyone and the lack of regulation, has led to a
groundwater boom in large parts of north-western, western and southern
India. Electricity subsidies, agricultural policies and poor management of
Introduction | 1

surface water based irrigation systems have also acted as catalysts for India’s
groundwater boom. The crisis is not just about falling water tables but also about
deteriorating water quality, which can be broadly categorised into two classes.
First is the manifestation of contaminants in the aquifers due to the change in the
groundwater abstraction methods. The second is a direct impact of competing
groundwater uses resulting from aquifer overexploitation.
The Mahanadi basin is a large river basin covering more than 4 per cent of
the total geographical area of India (India-WRIS, 2012). A majority portion of
the basin is located in the states of Chhattisgarh and Odisha, with marginal
areas of the basin falling in Jharkhand, Madhya Pradesh and Maharashtra.
Physiographically, the basin is bounded in the north, west and south by mountain
ranges, with the arcuate Mahanadi delta forming the eastern boundary and the
central region of the basin being dominated by peneplained erosional table land
(India-WRIS, 2012).
The Mahanadi river basin is formed of regions where aquifers are largely in the
‘safe category’; i.e. the ratio between annual groundwater draft and available
groundwater (annual recharge) of groundwater is still below 70 per cent
and water tables are not showing significant declines (after Ministry of Water
Resources, 1997). At the same time, the basin shows the presence of various
large surface water schemes, which have been at the centre of controversies
regarding allocations for different uses. Groundwater quality has also emerged
as a major issue, with most districts facing multiple water quality issues. Drinking
water dependence across the entire basin is almost entirely on groundwater, with
some isolated examples (such as Sambalpur town) that receive domestic water
supply from surface water sources. Although, at the basin level, the Mahanadi
river basin does not show high groundwater development, there are distinct trends
of groundwater usage. Annual precipitation in the basin ranges between 1000
mm and 1700 mm (Indian Meteorological Department, 2000) and a 110-year
trend analysis shows that the rainfall in majority of the districts in the basin, is
decreasing.
The basin shows considerable variability in geology. Hydrogeologically, the
basin is dominated by crystalline rocks (often referred to as ‘basement’ rocks),
followed by alluvial systems as large contiguous areas in the delta region. Hard
and soft sedimentary systems are observed in the upper and middle reaches of
the basin. The Mahanadi basin is rich in mineral resources (India-WRIS, 2012).
The soft sedimentary systems host a majority of the coal deposits in the basin,
while the limestone and dolomite deposits occur in what we have called the hardsedimentary systems. Manganese, iron, diamond, graphite and various other
minerals are present in the crystalline systems towards the southern regions of the
2 | Groundwater in the Mahanadi River Basin

basin. Given the abundance of minerals, mining activities and related industries
are quite widespread in the basin.
This document examines the status of groundwater resources in the basin with
the aid of secondary data and representative but limited primary data from field
visits in three locations1. The field visits were aimed at understanding the status of
groundwater resources in the selected areas and to understand the closeness of
correlation with the secondary data.

1.

The source of the data used for analyses presented here in the form of the figures and
tables has been provided in the captions and/or in the figures. Figures that do not carry
a reference have been developed by the authors as a part of this research or their larger
research activities at ACWADAM.
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Rainfall in the Basin

The Mahanadi basin receives a significant amount of rainfall with the lowest
annual average being 1080 mm in Kawardha district while Jashpur district has the
highest annual average of 1653 mm (Indian Meteorological Department, 2012).
The western portion of the basin bordering Maharashtra receives the lowest
rainfall. The central part of the basin receives moderate rainfall while the northern,
southern and the delta regions experience the highest.
Figure 1 : Seasonal Rainfall in the Mahanadi Basin

Figure 1 depicts the seasonal distribution of rainfall in the basin. Most regions of the
basin receive 80 to 90 per cent of the annual rainfall in the months from June to
September; however, districts closer to the mouth of the river receive lesser rainfall
during this season. The proportion of rainfall between June and September in these
districts is 65 to 70 per cent, while they receive 10 to 22 per cent of the annual
rainfall during the months between October and December. The districts with higher
rainfall between October and December also show a marginal increase in rainfall
during March and May, as compared to the basin average for this period.
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The Indian Meteorological Department’s (IMD’s) long-term district level data
(1901 to 2000 and 2004 to 2013) was analysed to generate trends in the
rainfall in the respective districts. Figure 2 is a map of the linear trends observed
on plotting of the IMD district-level datasets. A majority of the districts in the
basin show a decreasing annual rainfall trend. Only two districts each show a
constant trend and an increasing trend. The 110-year trend analysis also shows
that the late 1950s to early 1960s marks a departure in the rainfall pattern in
most districts. All the districts in the basin exhibit longer spells of below average
rainfall and shorter spells of average and above average rainfall after the 1960s.
Significant changes in rainfall pattern will have a direct impact on groundwater.
A report by the IMD (Attri & Tyagi, 2010) states that rainfall in the two major
states of the basin, Chhattisgarh and Odisha, is decreasing during the monsoon
season as shown in Figure 3. The report also states that rainfall in Chhattisgarh is
decreasing in pre-and post-monsoon while there is an increasing trend in Odisha.
Figure 2 : Long-term Trend of Rainfall in the Mahanadi Basin (IMD, Various Years)
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Figure 3 : Trend in Sub-divisional Rainfall Data, 1901–2003 (Attri & Tyagi, 2010)

Rainfall is an important factor affecting in many ways the groundwater resources
in an area. As seen in Figures 2 and 3, the decreasing trend in annual rainfall,
especially during the monsoon season may result in an increased agricultural
dependence on groundwater. Farmers may also switch to groundwater to offset
the delays in arrival of monsoon as well as gaps in rainy days. Increased intensity
of rainy days, on the other hand, will lead to higher runoff and a reduction in
groundwater recharge.
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Groundwater Dependence in the
Mahanadi Basin

Drinking Water
Drinking water forms the single most important use of groundwater in India.
Even in the Mahanadi basin, rural drinking water is almost entirely dependent on
groundwater. Household level data on sources of drinking water from the 2011
Census shows that the dependency on groundwater for rural drinking purposes
is between 77 to 97 per cent at the district level, while the other major source of
drinking water is listed as ‘tap water’. Even in the urban regions of the Mahanadi
basin, groundwater forms a major source of drinking water, with the dependency
ranging between 24 to 76 per cent at the district level. The largest source of
drinking water in urban areas is tap water.
Figure 4A : Source of Drinking Water in Rural and Urban Areas in the Mahanadi
Basin (Census of India, 2011)
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Figure 4B : Source of Drinking Water in Urban Areas in the Mahanadi Basin
(Census of India, 2011)

Agriculture
Figure 5A: Ratio of Groundwater Potential Created to the Total Potential Created
(4th Minor Irrigation Census)
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Figure 5B : Ratio of Groundwater CCA to the Total CCA
(4th Minor Irrigation Census)

The dependency of agriculture on groundwater is neither as high nor as
widespread as that for drinking water in the basin. The dependency is likely to
be less intensive and extensive as compared to other river basins like the Indus,
Godavari, Krishna and Cauvery. There are, however, certain trends emerging from
secondary data. Figure 5 (A & B) shows the potential created by minor irrigation
schemes and culturable command area (CCA) in the basin. Both the maps show
that the dependency on groundwater is higher in the Chhattisgarh portions of the
Mahanadi basin than in the Odisha portions.
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Figure 6 : Share of Groundwater Irrigation in the Net and Gross Irrigated
Agriculture in the Mahanadi Basin
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A discrepancy in data needs to be highlighted here. Figure 6 (A & B) shows the
ratio of groundwater irrigated agriculture to the net irrigated and gross irrigated
agriculture in the basin. The Chhattisgarh part of the basin follows the same trend
that has been observed from the minor irrigation census (Figure 5). The Odisha
part however shows that there is no share of groundwater in the net irrigated area.
In fact, the data shows that the entire net irrigated area of Odisha is irrigated
using ‘other sources’ which excludes groundwater in the form of wells and tube
wells, and surface water in the form of government and private canals as well
as tanks. The data therefore raises the question about what classifies as ‘other
sources for irrigation’ in Odisha. The gross irrigated area on the other hand does
show groundwater irrigation ranging between less than 5 per cent to more than
95 per cent in the Mahanadi basin.
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Status of Groundwater in the
Mahanadi Basin – CGWB Assessments

An assessment of the status of groundwater resources in the Mahanadi basin
was carried out based on secondary data consisting of the CGWB’s national
groundwater assessments for the years 2004, 2009 and 2011. As this data
consists of these three assessments, the maps and tables presented below may
consist of district names and boundaries, which do not match with present day
districts. The data is not available for the new districts that have been formed after
the assessments. Some of the districts are only partly covered in the basin and
their figures have been factorised to match with the proportional area in the basin
as provided. There are problems associated with the CGWB’s methodology for
assessing groundwater in India. The primary problem is the mismatch between
units of assessments. The assessments are carried out at administrative or
watershed levels and do not necessarily depict conditions represented by aquifers.
Ideally, groundwater assessments should be carried out at the aquifer level. Apart
from this, the methods used for assessing recharge and non-monsoon discharge
are not realistic, as both these parameters are estimated by assigning a fraction
value to that of the annual rainfall. Despite these issues with the methodology,
the data is still presented here as this is the only regional groundwater dataset
available in the public domain and the majority of the policy decisions related
to groundwater are based on CGWB’s assessments. Table 1 and Table 2 show
the percentage change in the parameters estimated by the CGWB in its three
assessments (2004, 2009 and 2011). Observations from these assessments are
given below.
Percentage Change in Parameters between the 2004 and 2009
Assessment
The Upper and Middle Mahanadi basins show a reduction in rainfall while the
lower basin shows an increased rainfall in the latter assessment. The delta region,
especially, shows a significant rise in rainfall. Groundwater draft shows an increase
across the entire Mahanadi basin. The spurt in draft and reduced rainfall in large
parts of the basin have led to a reduction in recharge, non-monsoon discharge
(base flow) and net availability of groundwater. Even in the regions where rainfall
in 2009 was more than 2004, the recharge, base flows and availability show a
reducing trend owing to the higher draft. As a result, the stage of groundwater
development shows a large increase across the entire basin in the year 2009. The
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rise in draft is seen across irrigation, domestic and industrial sectors. The increase
in irrigation draft, however, is significantly higher than the domestic and industrial
draft.
Percentage Change in Parameters between the 2009 and 2011
Assessment
A comparison of rainfall between 2009 and 2011 shows a significant rise in the
upper and middle portions of the Mahanadi basin, while it shows a decrease in
the lower portions of the basin. Despite the difference in rainfall, Table 2 shows
that there is no change in the values for recharge, non-monsoon discharge and
net availability for the Mahanadi basin in Odisha. Groundwater draft shows
an increase across the entire basin in the irrigation and domestic and industrial
sectors. The stage of groundwater development also shows an increase in the
entire basin.
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recharge monsoon availability draft
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-28%

District

-33%

State

Upper
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Chhattisgarh Kawardha

Basin
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Table 1 : Percentage change between 2004 and 2009 CGWB assessments
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State

Kalahandi

Kandhamal
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Jagatsinghapur 20%

Kendrapara

Khordha

Puri

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

48%

38%

49%

73%

-10%

18%

19%

19%

-2%

39%

Dhenkanal

Odisha

-3%

Debagarh

46%

Balangir

Odisha

-6%

Bargarh

Baudh

2%

-36%

-49%

-50%

-68%

-35%

-31%

-22%

-12%

-20%

2%

7%

-19%

-35%

-4%

-27%

-23%

-20%

-49%

-57%

-68%

-74%

-72%

-55%

-58%

-38%

-45%

-48%

-30%

-41%

-48%

-63%

-21%

-45%

-57%

-46%

-66%

-33%

-47%

-48%

-68%

-33%

-28%

-21%

-8%

-17%

5%

13%

-16%

-32%

-3%

-25%

-19%

-18%

-47%

22%

18%

-7%

6%

21%

23%

27%

5%

22%

29%

36%

1%

4%

15%

-12%

1%

35%

-1%

-4%

6%

-53%

-2%

19%

7%

3%

32%

6%

32%

18%

31%

17%

15%

5%

4%

9%

4%

13%

13%

-14%

5%

21%

17%

18%

10%

-5%

1%

-35%

-17%

15%

-12%

10%

113%

1%

69%

30%
18%

16%

51%

-2%

21%

-7%

-19%

-4%

5%

-39%

-60%

-66%

-80%

-46%

-34%

-26%

-16%

-24%

-3%

10%

-25%

-40%

-6%

-28%

-22%

-25%

-58%

64%

114%

66%

213%

74%

64%

50%

19%

38%

27%

9%

29%

56%

27%

18%

24%

57%

94%

Projected Availability Stage of
demand for future
groundwater
2025
irrigation
development

32%

9%

7%

15%

-10%

1%

26%

0%

Rainfall Total
Non Net
Irrigation Domestic Total
draft
recharge monsoon availability draft
and
discharge
industrial
draft

Anugul

District

Odisha

Lower
Odisha
Mahanadi
Odisha
basin
Odisha

Basin
region

Table 1 (Contd.)
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-1%
40%
59%

Chhattisgarh Dhamtari

Chhattisgarh Raipur

Chhattisgarh Rajnandgaon

3%

39%
81%
121%
9%
32%
124%
17%

Chhattisgarh Kanker

Chhattisgarh Korba

Chhattisgarh Koriya

Chhattisgarh Mahasamund

Chhattisgarh Raigarh

Chhattisgarh Surguja

Jharsuguda

Sundargarh

Odisha

Odisha

41%

-6%

75%

0%

0%

5%

-14%

4%

22%

8%

-0%

3%

3%

51%

Middle
Chhattisgarh Janjgir Mahanadi
Champa
basin
Chhattisgarh Jashpur

24%

68%
28%

-2%

61%

0%

0%

19%

15%

18%

48%

-10%

15%

6%

26%

55%

67%

94%

57%

68%

23%

0%

0%

4%

-15%

4%

20%

9%

3%

-7%

-2%

1%

0%

25%

22%

-6%

23%

5%

8%

8%

-1%

27%

19%

140%

4%

-4%

-10%

5%

24%

50%

19%

-12%

32%

7%

4%

7%

36%

10%

13%

113%

6%

10%

14%

34%

-1%

4%

86%

73%

-6%

3%

7%

9%

34%

-12%

4%

83%

70%

-5%

18%

5%

7%

8%

4%

24%

27%

-3%

-4%

6%

29%

38%

-1%

-2%

3%

-31%

-13%

20%

-13%

2%

-9%

1%

-8%

-9%

-18%

21%

-7%

22%

5%

7%

4%

23%

21%

0%

113%

0%

6%

-2%

7%

16%

16%

0%

0%

0%

Projected Availability Stage of
demand for future groundwater
2025
irrigation
development

130% 100%

4%

-3%

-6%

8%

18%

45%

23%

-5%

24%

Rainfall Total
Non Net
Irrigation Domestic Total
draft
recharge monsoon availability draft
and
discharge
industrial
draft
23%

District

51%

State

Upper
Chhattisgarh Bilaspur
Mahanadi
Chhattisgarh Durg
basin
Chhattisgarh Kawardha

Basin
region

Table 2 : Percentage change between 2009 and 2011 CGWB assessments
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State

23%
-47%

Kalahandi

Kandhamal

Nabarangapur

Nayagarh

Nuapada

Sambalpur

Sonapur

Cuttack

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Odisha

Mahanadi Odisha
Delta
Odisha

Kendrapara

Khordha

Puri

Odisha

Odisha

-32%

-29%

-6%
0%

0%

0%

0%

Jagatsinghapur -35%

Odisha

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

-22%

-13%

-27%

-6%

-29%

-20%

3%

Dhenkanal

Odisha

33%

Debagarh

-27%

Balangir

Odisha

-1%

Bargarh

Baudh

-1%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

25%

15%

9%

9%

17%

10%

6%

11%

12%

14%

1%

10%

4%

24%

0%

10%

24%

5%

2%

5%

2%

2%

2%

2%

4%

2%

18%

11%

8%

9%

13%

8%

5%

9%

10%

9%

2%
2%

1%

8%

3%

19%

1%

8%

18%

4%

2%

2%

2%

2%

5%

2%

4%

2%

Rainfall Total
Non Net
Irrigation Domestic Total
draft
recharge monsoon availability draft
and
discharge
industrial
draft

Anugul

District

Odisha

Lower
Odisha
Mahanadi
Odisha
basin
Odisha

Basin
region

Table 2 (Contd.)

1%

-11%

-31%

0%

-2%

0%

-2%

0%

2%

0%

0%

-9%

-2%

0%

0%

-0%

1%

-4%

-4%

-1%

-5%

-8%

-6%

-2%

-1%

-2%

-3%

-1%

-0%

-0%

-1%

-3%

-0%

-2%

-5%

-1%

17%

10%

8%

11%

15%

11%

7%

11%

9%

7%

8%

11%

4%

14%

0%

10%

18%

3%

Projected Availability Stage of
demand for future groundwater
2025
irrigation
development
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Dhamtari

Raipur

Rajnandgaon

Chhattisgarh

Chhattisgarh

Chhattisgarh

Jashpur

Kanker

Korba

Koriya

Mahasamund

Raigarh

Surguja

Jharsuguda

Sundargarh

Chhattisgarh

Chhattisgarh

Chhattisgarh

Chhattisgarh

Chhattisgarh

Chhattisgarh

Chhattisgarh

Odisha

Odisha

Janjgir Champa

Kawardha

Chhattisgarh

Chhattisgarh

Durg

Chhattisgarh

Middle
Mahanadi
basin

Bilaspur

Chhattisgarh

Upper
Mahanadi
basin

District

State

Basin
region

682

1287

227

1289

1299

702

1490

420

1305

1320

824

1323

1099

877

1277

1156

(mm)

346

178

285

432

634

211

491

314

353

392

328

1259

498

312

893

575

20

10

16

29

36

13

28

17

20

25

25

102

38

20

77

29

Rainfall Total
Non recharge monsoon
discharge

326

168

268

403

598

198

463

297

333

368

303

1158

460

292

817

546

53

36

63

176

242

39

97

57

103

119

152

401

331

178

487

218

Net
Irrigation
availability draft

Table 3: Values* for the 2011 CGWB Assessment in the Mahanadi Basin.

19

16

9

37

40

6

50

6

13

34

24

100

29

16

77

41

(mcm)

Domestic Industrial
and
draft
industrial
draft

72

52

71

213

282

45

146

63

116

153

175

501

360

194

564

259

Total
draft

23

18

12

46

51

8

57

250

114

194

181

305

151

309

232

214

16
7

205

127

646

92

96

244

274

44

24

111

37

19

89

54

22

31

27

53

47

23

32

21

35

42

58

43

78

66

69

47

(%)

Projected Availability Stage of
demand for future
groundwater
2025
irrigation
development
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Sambalpur

Sonapur

Odisha

Odisha

33200

1054

994

853

1114

1420

895

1198

1141

1103

441

905

1061

236

130

1131

1208

1295

444

14448

629

471

96

487

734

226

459

359

420

168

556

689

72

22

299

608

488

164

934

41

29

5

37

48

12

32

22

26

13513

588

442

91

450

685

214

427

337

393

526
160

30

645

68

21

278

577

461

155

4059

90

97

48

212

201

30

48

55

76

15

53

91

13

3

47

100

86

42

Net
Irrigation
availability draft

9

44

4

2

21

31

28

9

Rainfall Total
Non recharge monsoon
discharge

Note: * Values are factorised according to the percentage of the district in the Mahanadi basin.

Total

Puri

Nuapada

Odisha

Khordha

Nayagarh

Odisha

Odisha

Nabarangapur

Odisha

Odisha

Kandhamal

Odisha

Kendrapara

Kalahandi

Odisha

Odisha

Dhenkanal

Odisha

Jagatsinghapur

Debagarh

Odisha

Odisha

Baudh

Odisha

Cuttack

Balangir

Odisha

Odisha

Bargarh

Odisha

Mahanadi
Delta

Anugul

Odisha

Lower
Mahanadi
basin

District

State

Basin
region

Table 3 (Contd.)

896

33

49

4

20

59

13

21

15

19

9

13

37

4

1

9

31

33

12

Domestic Industrial
and
draft
industrial
draft

4955

123

146

52

232

260

42

69

70

95

24

66

129

18

3

56

131

119

53

Total
draft

1156

41

71

4

25

74

16

26

33

23

21

19

83

5

1

13

34

38

15

8301

456

273

38

213

410

169

353

249

294

124

454

471

49

17

219

442

337

98

N.A.

21

33

57

52

38

20

16

21

24

15

13

20

26

16

20

23

26

34

Projected Availability Stage of
demand for future
groundwater
2025
irrigation
development

2011 Assessment
Figure 7 : Comparison of Groundwater Draft and Stage of Groundwater
Development for the Upper, Middle and Lower Mahanadi Basin across the 2004,
2009 and 2011 CGWB Assessments

Table 3 shows the values for the CGWB’s 2011 assessment for the districts in the
Mahanadi basin. The values have been factored to account for the mismatch in
the administrative boundaries of districts with the natural boundary of the river
basin. Although this factorisation may not provide a realistic picture of the actual
situation, it helps in avoiding an overestimation of the parameters in the CGWB
assessment. The values show that the total draft in the basin is close to 5000
mcm. Irrigation draft forms 82 per cent of the total groundwater draft in the
Mahanadi basin. Industrial draft values are not provided separately in the CGWB
assessment and therefore it is difficult to estimate the quantum of groundwater
used by the industrial sector. The stage of groundwater development is in the safe
category for all districts except for Dhamtari in Chhattisgarh.
Figure 7 is a comparison of the groundwater draft and stage of groundwater
development in the upper, middle and lower Mahanadi basins. It shows that
the draft is highest across all CGWB assessments in the Upper Mahanadi basin
followed by the Middle Mahanadi basin. The increase in the draft is seen across
the entire basin between the three CGWB assessments. The stage of groundwater
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Figure 8 : Stage of Groundwater Development in the Mahanadi Basin, 2011.
(A) CGWB Classification (B) Trends within the 2011 CGWB Assessment
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development also shows a steadily rising trend across the entire Mahanadi basin
over the three assessments. This shows that the dependence on groundwater
is increasing in the Mahanadi basin. The increase in dependency is largely for
irrigation, as domestic and industrial usages show a marginally increasing trend.
The delta region of the basin shows a significant jump in the stage of groundwater
development in the 2011 assessment despite a marginal reduction in the total
draft. Figure 8 is a spatial representation of the trends observed in the stage of
groundwater development in the Mahanadi basin. The figure shows that the
western and middle districts of the Upper and Middle Mahanadi basin have
higher dependency on groundwater followed by the delta region. The lower basin,
excluding the delta and northern districts of the Upper Mahanadi basin, show the
lowest stage of groundwater development.
The CGWB’s Groundwater Quality Assessment
Figure 9 : Groundwater Quality Issues in the Mahanadi Basin (Central Ground
Water Board, 2010)
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Figure 9 is a representation of the CGWB’s 2010 report on groundwater quality
in the shallow aquifers of India. The data consists of districts affected by the
respective water quality problem detected at specific monitoring wells. The map
shows that a significant number of districts are affected by fluoride contamination
while one district is affected by fluoride and arsenic contamination of groundwater.
High Electrical Conductivity (EC) in groundwater also affects a district in the
basin. Fluoride and arsenic form the main ‘health impacting contaminants’ in the
Mahanadi basin while problems such as nitrates and microbial contamination are
also reported by the CGWB.
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Regional Geology of the
Mahanadi Basin

The complex geology of the Mahanadi basin is evident from the photograph
that shows sedimentary rocks with various sets of fractures and joints. The type,
structure and texture of the rocks has a large bearing on the occurrence and
movement of groundwater.

Since groundwater occurs and moves in a framework of rocks, it is important
to consider the hydrogeological setup of any region for assessing the status of
the resource and to effectively plan its management. Good geological data
forms the first step in understanding aquifers that are the units of groundwater
assessment. The Mahanadi basin is characterised by a wide variety of geological
formations exhibiting diversity in rock types and their structures. The age of
rocks occurring in the basin ranges between Archaean and Recent, which
covers the entire geological time scale of the earth. The major rock types
observed in the basin include gneisses and sedimentary rocks belonging to
the Gondwana Supergroup—mainly sandstones, shales, limestones, etc.
Khondalites, charnockites, leptynites, quartzites and minor basic granulites,
gneisses, migmatites, anorthosites, granites and minor basic intrusives of the
Precambrian age belonging to the Eastern Ghat Supergroup, are also observed in
24 | Groundwater in the Mahanadi River Basin

the basin. The sedimentary rocks in the drainage basin are chiefly conglomerates,
sandstones, quartzites, shales and limestones (Ray, Mohanti, & Somayajulu,
1984). The eastern part of the basin is covered by recent alluvium formed in the
delta of the Mahanadi River. The delta is arcuate in shape and is traversed by
NE–SW, E–W and N–S trending lineaments.
Figure 10 : Regional Geology of the Mahanadi Basin. Modified at 1:2 Million
Scale, after Geology of India (Geological Survey of India, 1993)

Figure 10 shows that the Mahanadi basin is a highly lithodiverse basin comprising
of various rock types. This diversity in the geological setting not only defines the
geomorphological and drainage characteristics at the sub-basinal scale, but
also attributes a large variation in soil types and hydrogeological characteristics,
including the geometry of aquifer systems (Kulkarni et al., 2014).
Regional Hydrogeology
The diversity in the geological settings of the Mahanadi basin is reflected in the
hydrogeological settings of the basin. Even at the broader level, all the major
hydrogeological settings except the mountain systems, included under the national
groundwater typology (Kulkarni, 2005; Kulkarni et al., 2009), are observed in
the basin. A more nuanced perspective is likely to yield an even greater degree
of diversity at different scales in the basin. Figure 11 is a map depicting the
broad hydrogeological settings in the Mahanadi River basin and in Korba district.
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Rocks and geology form the primary basis for deriving groundwater typologies
as rocks form the framework through which groundwater accumulates and
moves (Kulkarni et al., 2015). ACWADAM developed six broad hydrogeological
formations for India based on the Geological Survey of India’s map (Geological
Survey of India, 1993), other sources (Comman, 2005) and also ACWADAM’s
own work in different parts of India. The map represents settings of somewhat
typical groundwater conditions (Kulkarni, et al., 2009). At the basin level,
similar hydrogeological settings seem to cover large contiguous areas; however,
Korba district shows greater variation in the settings than at the basin level. This
comparison between the information at a basin level and at the district level shows
that as the scale increases, the actual variability in the region becomes clear.
Hydrogeological mapping data should be available at aquifer or watershed scales
for developing strategies that will enable sustainable use of groundwater for all
purposes.
The diversity in the hydrogeological settings is indicative of the high degree
of heterogeneity in the aquifer conditions in the Mahanadi basin region. The
heterogeneity would define many aspects not only pertaining to infiltration and
recharge but also the yields of wells, the extent and depth of aquifers and the
variable consequences of groundwater exploitation, eventually influencing the
core issue of competition and conflicts around groundwater resources
(Kulkarni, 2014).
Figure 11 : Regional Hydrogeological Settings in the Mahanadi Basin and
Korba District
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The hydrogeological formations in this basin are dominated by the crystalline
basement (pink) and hard sedimentary (dark blue) in Figure 11. The alluvial
(yellow) and the soft sedimentary systems (light blue) are found over relatively
smaller areas in the basin. Each of these systems possesses different characteristics
with regard to the aquifer settings. A summary of the aquifer characteristics is
given below.
•

Alluvial systems – Regional systems with deep multi-layered aquifers with
higher yielding wells. Groundwater quality can be a problem, especially in
regions where groundwater abstraction is high.

•

Soft sedimentary systems – Local systems with weathered shallow aquifers with
moderate to good yields.

•

Hard sedimentary systems – Local aquifer systems, which can be weathered
and fracture controlled. Groundwater yields can be low to moderate.

•

Crystalline basement systems – Local systems largely dependent on the
weathered profile. Water quality issues such as fluoride and salinity are
common while groundwater yields are generally the lowest amongst all
hydrogeological formations. These systems are also governed by fracture
systems, which lead to the highest degree of heterogeneity in the aquifer
systems among all the formations in the basin. The practical manifestation
of this heterogeneity is high variability in the ‘success’ of borewells drilled in
close vicinity.

As seen in the earlier sections, fluoride is the most widespread contaminant in
the Mahanadi basin. This is a result of the dominance of crystalline rocks in the
basin. The occurrence of arsenic in the basin can also be attributed to geological
factors. While iron, arsenic and fluoride are naturally occurring contaminants,
their mobilisation in groundwater can be complex. The increase in the occurrence
and concentration of such contaminants in groundwater is often a result of
anthropogenic activities such as over-exploitation and mining.
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Mineral resources in the
Mahanadi Basin

The Mahanadi basin is rich in mineral resources owing to a favourable geological
setup. It is endowed with large reserves of bauxite, china clay, chromite, coal,
dolomite, fire clay, graphite, gemstones, iron ore, limestone, manganese ore,
mineral sand, quartz, etc.
In the Odisha part of the basin, Precambrian metamorphic rocks (of Archaean
and Proterozoic age) host a majority of the minerals followed by the Gondwanas
hosting the coal resources. The Tertiary and Quaternary formations are host to
aluminous/nickeliferous laterite and heavy minerals (in beach sand). Proterozoic
rocks in the western Odisha exhibit platformal sedimentary formations and
associated limestone deposits. In central and southern Odisha, the Proterozoics
are represented by the Eastern ghats granulite belt comprising of khondalite,
charnockite, migmatite, anorthosite and alkaline rocks accounting for the
mineralisation of bauxite, manganese, graphite and gemstones. The Mesozoic
rocks of the Gondwana Supergroup host the major coal resources of the state.
The deltaic fans extending into offshore regions play hosts to oil and gas.
The Chhattisgarh part of the Mahanadi basin also boasts of a wide variety of
minerals associated with igneous, sedimentary and metamorphic rock formation.
A few of them form large economic deposits while several other minerals are
reported as occurrences. Large deposits of coal, iron ore, limestone, dolomite and
bauxite are found in different parts of the state.
Figure 12 is a map of the mineral resources that are found in the Mahanadi river
basin. It is clear from the map that a large part of the coal, iron ore, limestone
and bauxite deposits occur in the upper reaches of the basin. Large scale mining
in these regions will have a direct bearing on the groundwater resources. These
regions are the mountainous catchments for the aquifers that support the river
systems through base flows. Open cast mining for coal and limestone and
thermal power plants are common in the Upper Mahanadi basin. Open cast
mining involves complete excavation and dewatering of aquifer materials. At the
same time, mining activities coupled by leaking ash ponds and ash dykes can
lead to contamination of the local aquifers in the river basin, heavily affecting
environmental flows and drinking water security.
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Figure 12 : Mineral Resources in the Mahanadi River Basin
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THE CGWB’s Long Term Water
Level Data

The CGWB’s long term water level data for wells in the upper and middle
Mahanadi basin was sourced from the India-WRIS platform. This data was
compiled and provided to the Forum by the Institute for Resource Analysis and
Policy, Hyderabad (IRAP). The data consists of pre- and post-monsoon water
level data of 310 wells from 1996 to 2014 in the upper and middle Mahanadi
basin. As it would be difficult to present all the data in this report, only some of
the wells were used for the analysis. The first level of filter was used in the form of
availability of geographic co-ordinates of the wells. Various CGWB publications
were used to find the co-ordinates and only those wells whose co-ordinates
were known, were selected. The next filter applied was the availability of long
term continuous water level data. Only wells with 10 years or more water level
data were selected for the analysis. Based on the above criteria, 226 wells were
selected for which the analysis is presented below.
Figure 13 : Pre- and Post-monsoon Water Levels from 1996 to 2014
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Figure 13 shows the long term pre- and post-monsoon water levels at the
CGWB’s Chirchari monitoring station. The difference between the pre- and postmonsoon water levels represents the annual water level fluctuation in the aquifer
tapped by the monitoring well. The linear trend for the Chirchari well’s water levels
shows a trend that indicates a gradual fall in the water levels in that aquifer. This
analysis was carried out for all the 226 selected wells and the results in the form
of the long-term trends of water level fluctuation were plotted on a map as an
overlay onto the hydrogeological formations in the Mahanadi basin.
Figure 14 : Overlay of Long-term Water Level Fluctuation on Hydrogeological
Formations

Figure 14 shows the trends for the 226 wells in the upper and middle Mahanadi
basin. The figure shows that the trend of fluctuation in the water levels do not
show any clear basin level, formation level or district level patterns. The figure,
though, shows that there are a significant number of wells showing an increase
in the water level fluctuation. The analysis has shown that 134 out of the 226
wells (almost 60 per cent) show a rise in the pre- and post-monsoon water level
fluctuation. This is a clear indication of groundwater abstraction increasing in the
upper and lower Mahanadi basin over the period 1996 to 2014. An increased
fluctuation may not indicate over-exploitation yet; however, it shows that the
aquifers are being emptied to a larger extent than earlier. Given the low to
moderate storage capacities of these shallow aquifers, they may be re-saturated
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annually after the monsoon through direct rainfall infiltration or through recharge
from surface water bodies, including small and large impoundment structures.
However, the annual emptying of aquifers may pose a problem during droughts
when groundwater can act as a buffer against deficit or uncertain monsoon
precipitation, especially for drinking water security.
The above analysis also shows that the CGWB’s assessment results shown in
Figures 8 (a and b) and Tables 1, 2 and 3 are not completely representative of the
local, aquifer-level conditions. There is a clear trend of increasing groundwater
abstraction in the upper and middle reaches of the Mahanadi basin across all
hydrogeological and administrative boundaries. This trend is not as forthcoming
through the periodic CGWB assessments, which are used as the baseline for
policies that affect groundwater.
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Field Assessment of Groundwater in
Selected Locations

Three areas of the basin were selected with an attempt to study locations
representative of the entire basin. While it was difficult to cover large portions of
the basin owing to the limited scope of the project, an attempt has been made
to try and understand areas that can help describe the existing conditions in the
entire basin on the basis of key indications provided by focussed studies in these
locations.
The field visits were carried out in the following locations:
•

The Hasdeo river basin: This area served as a sample representing the upper
catchments of the Mahanadi River.

•

The Mahanadi river delta: The delta represents an entirely different setting and
thus this has been considered as a separate unit for the rapid assessment.

•

The Hirakud dam’s command area: Given the importance of the Hirakud
dam and its canal systems in the overall situation of water resources in
the Mahanadi basin, a separate assessment was conducted to understand
groundwater conditions in the command area of the dam.

During the field visits, the focus was on observing the patterns of drinking
water and irrigation dependence on groundwater in all the locations. They also
served the purpose of validating the accuracy of the secondary data available
on groundwater for the Mahanadi basin. Further, this was an opportunity to
identify and briefly analyse the existing groundwater competition and conflicts at
each of these locations. Observations pertaining to hydrogeological conditions
and situations that can lead to potential competition and conflicts, have been
recorded.
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Figure 15 : Field Visit Locations

Hasdeo Basin
Upper and Middle Reaches of the Hasdeo Basin
The Hasdeo river originates at the Mendra village near Sonhat in Koriya district
of Chhattisgarh and drains a large area of the Mahanadi basin. A significant
part of the Hasdeo basin is characterised by softer sedimentary rocks followed
by crystalline basement rocks. Although the hydrogeological formations are
dominantly these two types, there is diversity within each of these formations.
The rocks are deformed to various degrees as evident by the presence of folds
and faults. This diversity is also reflected in the occurrence of groundwater
resources in the basin.
Groundwater occurs under relatively natural conditions (undisturbed by major
human interventions) at the origin of the Hasdeo river, with base flows observed
throughout the year in the form of springs and seepages on the surface.
Agriculture is not well-developed in the upstream parts of the Hasdeo basin with
isolated patches where farmers practise rain-fed paddy farming. Agriculture is
developed in isolated patches between the origin of the Hasdeo river and the
Bango dam, which forms the middle portion of the Hasdeo basin. A clear trend
of groundwater competition at two levels is observed in this part of the basin.
Competition between villages that receive surface water from canal systems
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Shallow water table in the upper catchment of the Hasdeo basin. Note the seeps
downslope from the well that lead to base flow contribution downslope.

and lift irrigation schemes, and villages outside the purview of such surface
water schemes. The other level of competition is between farmers within entirely
groundwater irrigated villages, including a competition between drinking water
needs and irrigation supplies, given that many households depend upon their own
wells for domestic supply rather than distant hand-pumps (public sources) or, in
the odd case, a community water supply bore hole.
Variability in the hydrogeological conditions has led to differences in the
occurrence of groundwater, manifested in the form of natural inequities—farmers
in adjacent villages have access to differing quantities of groundwater. For
instance, in one location, a village that had a handful of wells (mostly domestic
usage) was sharing its boundaries with a village that had a significant ‘irrigation’
footprint with crops like vegetables irrigated through a larger number of wells,
which had been often created under public programmes like MGNREGS.
Although at the basin scale the crystalline rocks in the Hasdeo basin are not
spread over a large area, the villages located on these formations are facing acute
drinking water crisis during the summer season. This is especially visible in the
middle reaches of the Hasdeo basin. The response to low yielding and seasonal
wells in these regions has been to provide common access through handpumps.
However, even the handpumps exhibit poor yields and are often seasonal and
sometimes contaminated with fluoride above the drinking water standards.
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Lower Reaches of the Hasdeo Basin
The lower reaches of the Hasdeo basin show a higher groundwater development
indicated by the larger number of dug wells and ever-proliferating number of
borewells. These lower reaches include combinations of hard rocks, sedimentary
rocks and alluvium, giving rise to various hydrogeological conditions and natural
inequities. For example, a single village shows the presence of sedimentary rocks in
one part of the village and alluvium overlying the sedimentary rocks, in another part
of the same village. The yields and water quality of wells tapping alluvial aquifers are
significantly different from the wells that tap only the aquifers in sedimentary rocks.
Parts of the lower reaches of the Hasdeo basin are covered under different surface
water schemes; however, these schemes have partial coverage of beneficiaries
and are often dysfunctional due to a variety of factors. In such situations,
groundwater forms the buffer against the shortfall from surface water in some
cases while it forms the only source in villages with no surface water coverage.
There are instances where canal water is reported to recharge wells during the
scheduled irrigation water releases. Farmers tend to pump water from their wells
for small-scale irrigation in the lower reaches of the Hasdeo basin. The question
of determining the quantum of groundwater being recharged through surface
canals can only be answered through very detailed assessments. It can be safely
assumed that this is not a common feature of the entire Hasdeo basin and has
only been reported in the relatively plain regions in the lower reaches of the basin.

Water quality tests being conducted on the water from a handpump tapping
confined aquifers in the upper catchment of the Hasdeo basin. The test showed the
incidence of iron beyond permissible limits of the Indian drinking water standards
(BIS 10500:2012). Similar tests on water from dug wells representing the unconfined
aquifers did not yield iron or fluoride contamination in this region.
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Groundwater Quality
The middle and lower portions of the Hasdeo basin show the presence of fluoride
and iron contamination of varying levels, but often beyond the Indian drinking
water standard. It is difficult to predict the nature of competition in such a scenario
but the community seemed unaware of fluoride even though the sensitivity to iron
in their wells was quite high. Water quality is a greater concern in the lower parts
of the Hasdeo basin and often gets ignored as scarcity due to limited availability
takes centre stage. Fluoride concentrations are higher in the lower reaches than
in the upper reaches of the basin. Similarly, salinity is also higher in the lower
reaches.
Groundwater Quality Testing in the Middle Reaches of the Hasdeo
River Basin
Groundwater quality around the ash ponds and ash dykes in selected parts of the
Korba region was ascertained by testing samples in a laboratory. All the samples
were collected from drinking water sources. The results for five tests including one
open well, two borewells and two handpumps (community drinking water) showed
that nitrates and manganese were higher than the permissible limit in all the five
samples. Iron and cadmium were also reported from some of the samples. The
major worry was the occurrence of arsenic in four out of five samples. Arsenic
does not occur naturally in the aquifer systems around Korba town. The source
of arsenic may be the ash from burning coal in the thermal power plants. The
occurrence of arsenic indicates that the ash beds and ponds are leaking into the
local aquifers in the region. The detailed water quality results can be found in the
Forum’s publication titled ‘Hasdeo Basin: A Situation Analysis in the Context of
Environmental Flows’ (Bhadbhade, Anantha & Dharmadhikary, 2017).
Command Area of the Hirakud Dam
The Hirakud dam is the first major dam built post-Independence in India and the
only large dam on the Mahanadi River. The multipurpose dam was constructed
for flood control, irrigation and power generation. However, the dam has been
surrounded in controversies since its inception. Many conflicts have been reported
in this region, concerning the livelihoods of the people dependent on the waters of
the Hirakud dam.
The command area of the Hirakud dam can be divided into three broad parts;
1. Area irrigated by the Sason canal
2. Area irrigated by the Bargarh canal
3. Area between these two main canal systems
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Groundwater use from dug wells was not very common in the areas around the
Sason canal. These areas were more reliant on traditional tank systems. Often
these tank systems are a combination of surface water and groundwater (most
tank systems in similar hard rock typologies are actually perched aquifers, formed
by localised weathering of the hard rocks). The government has licensed these
tanks for fisheries. Further, the advent of tube wells, as a source of community
(and private) drinking water, has diminished the use of the tank systems. As one
travels towards the south of the command area, one observes that the traditional
groundwater use in the form of dug wells increases. Traditional community dug
wells are more common in villages covered under the Bargarh canal system;
however, tube wells are the most common source of drinking water all over the
command area of the Hirakud dam.
Development of Groundwater
A major part of the command area shows very little groundwater development
for irrigation purposes. But, within the command areas, there are pockets where
certain trends showing increasing use of groundwater, are obvious.
The hydrogeology of the area is a naturally limiting factor, which may not have
allowed the proliferation of borewells yet. Based on limited field checks, it can be
stated that most of the command area consists of fractured, hard rock systems.
However, the fracturing is not homogeneous throughout the area and is usually
localised. Thus, borewells frequently fail to tap aquifers while the high cost of
drilling and procuring electrical connections have prevented the large-scale
proliferation of private borewells, thus far.
The Government of Odisha’s scheme, ‘Biju Krushak Vikash Yojana – Deep
Borewell Secha Karyakrama’, is providing borewells to farmers at 10 per cent of
the actual cost of drilling, pump system and electrical connection. Many farmers
have taken benefit of this scheme and have obtained borewells. Full-fledged
irrigation will begin once the pumps and electrical connections are in place.
In areas close to the Sason canal (the northern portion of the command area),
farmers with access to some groundwater irrigation opt for vegetable cultivation
while farmers with access to groundwater irrigation near the Bargarh canal system,
opt for paddy cultivation. Areas close to Attabira require a separate mention in
the Hirakud command area. This area produces very high quantities of paddy,
largely dependent on canal irrigation. However, this area also shows large-scale
groundwater based irrigation for paddy cultivation as compared to all other areas
in the command area. A small area of about 2 km2 has almost one borewell per
farmer. The groundwater use in this part is quite large—wells are operated for
almost 15 to 20 hours for 250 days every year for cultivating two paddy crops in
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A borewell with a heavy duty submersible pump in Attabira, Odisha. Farmers in this
region own borewells which are operated between 4 and 20 hours daily (depending
on the farm size) for more than 200 days a year. Access to groundwater has enabled
the farmers to cultivate three paddy crops in a year.

an area where canal water does not reach. Most of these borewells are private,
indicating that the high paddy yields based on canal water have enabled farmers
to fund private groundwater sourcing through borewells.
The villagers term the areas outside the canal irrigated areas as ‘drought’ areas
although these are high rainfall areas. The term drought is used here to indicate
the unavailability of surface water. Most of these areas also face a drinking
water crisis as borewells and hand-pumps dry up during summer. Although the
Hirakud command area does not show the amount of groundwater development
as observed in the Hasdeo basin or the Mahanadi delta area, drinking water
supply is still largely groundwater dependent. Pockets of groundwater dependent
areas have started to emerge due to the natural inequities formed by the
inhomogeneous hydrogeological setup as well as due to the socio-economic
conditions prevailing in the region.
Groundwater Quality
The groundwater quality in shallow aquifers is of grave concern throughout the
command area. Salinity values in shallow aquifers were observed to be in the
range of 1500 mg/l. The Indian standard for safe drinking water is 500 mg/l
(Bureau of Indian Standards, 2012). The quality in deeper aquifers tapped by
tube wells was found to be within the limits set by the Indian drinking water
standard. Paddy is the dominant crop in the entire Hirakud command area.
Farmers in areas with good canal coverage, cultivate two paddy crops in a year,
Field Assessment of Groundwater in Selected Locations | 39

while areas with partial or poor coverage grow a single paddy crop. The salinity
in the shallow aquifer could be a result of the overuse of fertilisers for paddy
cultivation, or due to natural salinity as a result of the weathering of the hard rocks
and increased groundwater abstraction. This genesis needs to be ascertained.
Although fluoride was not detected during the field visits, the area is susceptible
to fluoride contamination, given the dominance of crystalline rocks in the region.
Increased groundwater abstraction and access to deeper aquifers may result in
widespread fluoride contamination, as observed in parts of the state of Telangana.
The Mahanadi Delta
The Mahanadi delta begins near the city of Cuttack and expands outwards to the
east to the Bay of Bengal. At the beginning of the delta (inland), alluvial deposits
are noticeably thin, overlying sedimentary and hard rock systems. These areas
are characterised by villages that show marked differences in the hydrogeological
setups even within short distances, indicating relatively local aquifer systems. The
drinking water supply in this part is centralised at village level and sourced from
electrified borewells/tube wells. Often, villages in this region depend entirely on
groundwater for their domestic needs.

Large tracts of land are under vegetable farming in the delta region of the Mahanadi,
owing to the proximity of such tracts to the urban centres of Odisha. Often, these
farmers depend on groundwater for irrigation in the absence of surface water delivery
or the inefficiencies associated with decentralised surface water schemes.
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In this region, groundwater is being tapped using shallow dug wells (~ 5m–10m
depth) and borewells. Most of the farmers use groundwater for irrigation and
cultivate paddy during the Kharif season, followed by vegetables in the Rabi
season. It was interesting to note that although the farmers in the delta region
have sufficient access to irrigation (either surface water or groundwater), they are
shifting from paddy cultivation to growing vegetables owing to the close proximity
of the delta to multiple urban centres and the high profitability from vegetables.
The number of tube wells in these areas have not increased, owing to the high
costs of drilling and low demand from the farmers despite government subsidies
for drilling and pump systems. Moreover, access to water from the distributaries of
the delta as well as from the canal systems implies lesser pressure on groundwater
than in areas with poor or no service from such systems. There have been attempts
at forming water user groups around surface water close to the Mahanadi river
in this region. While some of these groups are still functional, farmers are also
seeking other options, despite the availability of sufficient surface water. The
reasons include unreliable electricity supply and theft of equipment.

A traditional dug well and a handpump in one of the villages in the Mahanadi delta.
The delta throws up complex challenges for drinking water. In some villages, shallow
aquifers have become saline while in others the deeper aquifers are saline. The
salinity cannot be attributed to sea water intrusion alone and there is a possibility of
manifestation of deterioration of water quality as a result of high intensity withdrawal of
groundwater. To further add to the complexity, iron contamination was observed in the
deeper sources such as handpumps and tubewells.
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Further east from Cuttack city, the delta shows thick alluvial deposits. Even in this
part, the drinking water supply (whether centralised or decentralised, government
or private) is entirely dependent on groundwater. Handpumps or tube wells
and shallow dug wells are the sources of drinking water. Ease of access from
handpumps or electrified tube wells have led to the shift from tapping shallow
aquifers to deeper aquifer systems for domestic purposes. Many households and
farmers reported progressive salinisation of the shallow (phreatic) aquifers.
Paddy is the dominant crop in this region and is mostly rainfed or canal water
based. Groundwater is seldom used for paddy cultivation. Groundwater,
if accessible, is used largely for vegetable and betel leaf cultivation, again
depending upon the ease of access to surface water, relative quality of surface
and groundwater, and the economics around access. Although the dependency of
agriculture on groundwater is not large, domestic and commercial establishments
are almost entirely dependent on groundwater, which is often accessed privately.
Alluvial systems frequently exhibit large variations even over small areas owing
to the various combinations of sand, silt and clay that makes up these systems.
The arrangement of layers and the ‘pinch-outs’ in a layer give rise to discontinuity
in hydraulic properties. This imposes variations in groundwater occurrence and
movement, both laterally and vertically even within a seemingly homogeneous
mass of sediments. This variability is clearly observed in the delta region. Even
within single villages (that have very large spatial areas as compared to other
parts of the Mahanadi basin), the groundwater occurrence is variable in terms of
its availability and quality. While some areas show saline water near the surface in
shallow aquifers, other areas exhibit fresh water overlying saline water aquifers.
The Paradip port represents another dimension around the question of
groundwater competition in the delta region. The urban context in conjunction
with a large industrial water footprint, makes issues complicated enough and
some evidence of significant groundwater usage—perhaps for non-domestic
purposes—is indicated (but needs to be confirmed) in and around the port.
Serious groundwater quality challenges are also evident but only deeper delving
will reveal whether they go beyond simple saline-water incursion, into more
complex issues of direct groundwater contamination by the urban-industrial
footprint.
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Competition, Conflicts and Issues of
Groundwater

Competition around groundwater resources is amply evident in the Mahanadi
basin. The invisible nature of groundwater and the more obvious focus on surface
water allocation, conflict and contestation has meant that groundwater conflicts
are not quite evident. Groundwater competition and conflict in the three locations
has been analysed in two distinct ways. The first considers competition at the
resource level, between different aquifers, and between groundwater and surface
water. The second method of analysing groundwater competition is between the
different sectors such as irrigation, industry, ecology, and drinking and domestic
water supply. Tables 4, 5 and 6 depict the various situations observed in the
three locations with respect to competition between the resources while Table 7
examines the competition for groundwater across different sectors.

A new well being dug in the region near the Hasdeo barrage in Korba. Thousands of
such wells are under construction through MGNREGS and other such schemes. The
photograph also shows the thick weathered zones of the underlying crystalline rocks.
The weathered zones form aquifers in the Hasdeo basin.
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Table 4 : Sectoral Competition between Aquifers and Aquifers and Surface Water
in the Hasdeo Basin
Region

Sector

Competing Resource
Groundwater–Groundwater

Surface Water–Groundwater

Hasdeo Irrigation
Basin

No real competition yet in the upper
reaches given that majority of the
agriculture is rainfed. The middle
and lower reaches of the basin
are showing trends of increased
dependence, which may lead to
competition in the near future. The
competition for groundwater is
largely backed by construction of
dugwells through schemes such as
the MGNREGS.

The lower reaches of the basin
show competition between
surface water and groundwater
given the partial and inefficient
coverage of surface water
schemes. Groundwater is being
used to irrigate cash crops such
as vegetables for generating
incomes from urban centres.

Domestic
water
including
drinking
water

Competition is in the form of access
to perennial and safe sources.
Handpumps are being perceived
as sources that will help tide over
low yielding and seasonal wells.
However, advent of handpumps has
also led to competition around safer
water as deeper aquifers are often
contaminated with fluoride and iron.

Groundwater dominates the
entire basin as the source for
domestic and drinking water
except in urban centres like Korba
where a part of the supply is
sourced from surface water. In
these urban centres, groundwater
is competing with surface water to
make up for the shortfalls in the
centralised supply schemes.

Industrial There is no perceived or observed
use
competition as industries depend
heavily upon surface water. The
lack of data on industrial water
use also makes it difficult to assess
competition for groundwater.
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No competition observed yet.

Table 5 : Sectoral Competition between Aquifers and Surface Water & Aquifers in
the Hirakud Dam's Command Area
Region

Sector

Competing Resource
Groundwater–Groundwater Surface Water–Groundwater

Command
area of the
Hirakud
Dam

Irrigation

Competition is slowly but
steadily emerging in the
regions of the command area
that are partially covered by
canal water. The competition
will eventually be vertical in
the form of drilling of deeper
borewells in order to access a
perennial source of irrigation
water.

There is significant competition
between the two resources as
compared to the rest of basin. This
was observed in two ways; First,
groundwater is competing with
surface water in regions where
surface water delivery is absent
(regions within the command that
are outside the purview of the canal
delivery) or is inefficient (such as tailend regions of canals where water
does not reach as per the scheme
design). Second, groundwater
development is also fuelled by
incomes from surface water. For
example, in Attabira, the incomes
from surface water irrigated farming
were used to drill and pump at high
intensity for cultivating paddy in
farms where canal water supply was
not enough.

Domestic
water
including
drinking
water

There is competition in the
region around groundwater
for better quality drinking
water. Older sources such
as dug wells have started
showing high salinity owing
to which locals are exploring
options in the form of
handpumps and energised
borewells.

Surface water supply was observed
only in Sambalpur town, but it may
be present in some other urban
centres. Apart from these, there
is no competition as majority of
domestic and drinking water supply
is sourced from groundwater.

Industrial
use

No competition observed.

There is a perception of an increase
in dependence on groundwater
given the awareness and conflicts
around allocation of surface water
in this region. Although this cannot
be confirmed given the lack of data
on industrial water use, it can be
a potential flash point for future
conflicts in the command area.
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Photograph shows a
partly covered well
(background) used
for providing water
for the motorcycle
garage in the
Mahanadi delta.
Although agriculture
in the delta is largely
surface water based,
small businesses
and drinking water
is dominantly
dependent on
groundwater

Many springs, such
as the one in this
photograph, form the
supply of drinking
water in isolated
tribal habitations in
the upper reaches of
the Hasdeo basin.
A temple symbolising
the origin of the
Hasdeo river with
springs in the
background from which
women are filling water
(between the dug well
and the temple). Spring
water flowing into
surface channels in the
form of baseflows not
only play an important
role in maintaining the
ecosystems but also
provide cultural and
religious services.
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Table 6 : Sectoral Competition between Aquifers and Surface Water & Aquifers in
the Mahanadi Delta
Region

Sector

Competing resource
Groundwater–Groundwater

Mahanadi Irrigation Not significant, given that the
Delta
number of groundwater-supported
irrigation schemes is not large;
however, in some areas close to
the coast, competition between
irrigation wells is likely to increase
with the advent of high-value crops
like ‘paan’ cultivation and crops
like sugarcane.

Domestic
water
including
drinking
water

Intense competition between
private sources in villages and
small towns is clearly evident;
competition, often unnoticed
between public and private
sources tapping a common
groundwater system is prevalent
across the region.

Industrial Industries at the local scales are
use
dependent on groundwater and
are competing with other uses
such as domestic and drinking
water. Large industries such as
those in Paradip, do not show any
overt competition. The aquifer
properties of alluvial aquifers
allow withdrawal of high quantum
of groundwater without evident
impacts in the short term. Also,
given the high storage and
transmission capacities of aquifers,
the withdrawal of groundwater by
large industries, if any, will be the
highest in the delta region.

Surface Water–Groundwater
Again, the predominance of lift
irrigation and canal irrigation
support in many parts implies
a limited development of
groundwater resources, although
patches of high groundwater
usage in agriculture may exist.
Given the dominance of surface
water, groundwater resources
remain in the background where
irrigation is concerned.
Given the regional nature of
aquifer systems in the deltaic
deposits – unconsolidated
sand, silt and clay – clusters
of groundwater exploitation
(villages and small townships)
are likely to be interfering with
and being affected by the
irrigation commands of lifts
from the distributary; water
logging in some areas could
be another case of how in such
a competition, water quality
in shallow aquifers is affected.
A large tourism industry is
concentrated in the delta region
and groundwater is competing
with surface water to provide for
the requirements of this industry.
No competition observed.
However, contamination of
groundwater maybe happening
from surface seeps from the
large industrial belt in the delta.
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Table 7: Groundwater Competition in the Mahanadi Basin across Different Uses
Region

Competing Sectors / Uses for Groundwater

Hasdeo Basin

•

•

•

Hirakud Dam’s
Command Area

•

•

Mahanadi Delta

•

•
•
•
•

The upper Hasdeo basin does not show any significant competition
between drinking and domestic water and irrigation as majority of
agriculture is rainfed. Mining will fuel competition for groundwater
within ecological use, agricultural use and drinking and domestic
water supply as it will significantly affect quantities and quality of
groundwater.
In the middle and lower Hasdeo basin, the competition for
groundwater from agriculture is slowly increasing and the major
competitor is drinking and domestic water supply.
Within the drinking and domestic water use across the entire Hasdeo
basin, there is competition for better quality and perennial supply
which is manifesting in the form of accessing deeper aquifers through
community handpumps or private borewells. Different sources of
accessing groundwater, such as springs, hand pumps, borewells are
in competition to meet increasing demands and aspirations.
Drinking and domestic water supply are competing with irrigated
agriculture. Although this has not emerged as an intense competition,
the policy level push for higher agricultural dependence on
groundwater will eventually lead to a higher degree of competition.
The competition is also evident for access to better quality drinking
water from different aquifers.
There is competition for access to deeper aquifers for better quality
drinking water given the issues of salinity (due to ingress of sea water
and salinity as a result of high extraction of groundwater) and iron.
Drinking water is competing with local industries and businesses for
access to common aquifers that support both the uses.
Drinking water may compete with irrigation given the move towards
cash crops such as vegetables, ‘paan’ (betel leaf) and sugarcane.
There is competition around drinking and domestic water supply
between individual users and the tourism industry in the delta region.
There may be competition from industrial use of groundwater.
However, due to the lack of data, this cannot be confirmed.

Issues in the Mahanadi Basin
Equity
Variability in the hydrogeological conditions has led to differences in the
occurrence of groundwater—storage and transmission of groundwater—and
these are manifested as natural inequities wherein farmers in adjacent villages
have access to contrasting groundwater quantity and quality. This natural inequity
is visible even at the basin level. Figure 16 (A) depicts the broad aquifer areas
corresponding to the respective hydrogeological formations in the Mahanadi
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basin while Figure 16 (B) represents the aquifer storage capacity for each
hydrogeological formation. The storage capacities represent the maximum storage
potential which has been calculated using the CGWB’s values for specific yields
in the Mahanadi basin. Specific yield is a factor derived from the porosity of the
rock formation that hosts aquifers. This factor determines the percentage of the
porosity that can store and yield groundwater to wells and springs. This estimation
of aquifer areas and their storage potentials is an attempt to demonstrate natural
inequities in groundwater resources. The actual aquifer areas and their aquifer
characteristics (storativity and transmissivity) will be highly diverse even at local
scales within the entire Mahanadi basin and cannot be generalised at a river basin
scale.
The comparison in Figures 16 (A and B) shows that inequity is inherent to the
Mahanadi basin due to natural factors such as specific yield. Fifty-three percent of
the basin area is covered by crystalline rocks which possess only 3 percent of the
total storage potential of the Mahanadi basin. At the same time, alluvial aquifers
form only 9 percent of the basin area while they possess 73 percent of the basin’s
groundwater storage potential. As demonstrated in the earlier sections on geology
and hydrogeology, the heterogeneity in aquifer settings increases at local scales
and is not evident at the river basin scale. The natural inequity attributed to aquifer
heterogeneity may actually be much higher at local watershed and village scales.
Figure 16: Inequity at the Basin Scale Represented through Comparison between
Aquifer Area and Generalised Aquifer Storage Capacities
Aquifer storage capacity (mm)
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Inequities resulting from the heterogeneity of aquifer settings clearly show that
unlike in the case of surface water schemes, where equity can be addressed
through focussed engineering and management efforts at providing water for all,
in the case of groundwater, inequity cannot be addressed through technological
interventions alone. As aquifer characteristics cannot be altered to increase
storage potential, the only way to address inequity in groundwater is through
management strategies requiring strong social mechanisms that are based on a
sound understanding of the aquifers at the local scales.
The inequities caused by inefficient surface water delivery—surface water
schemes that are partially functioning or not functioning as per the design—lead
to increased pressures on groundwater resources. There are multiple examples
of this in the basin across the three locations where field studies were carried out.
There is an implicit competition between groundwater and surface water in the
Mahanadi basin.

A lift irrigation scheme (LIS) in the delta region of the Mahanadi river. Although many
such schemes exist, only a few are functioning as per design, owing to factors such
as theft of and / or damaged equipment. In many areas, farmers have shifted to
groundwater once such LISs have become defunct.
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A majority of the farms in the Upper and Middle Hasdeo basin are rainfed and
cultivate paddy during the monsoon season. The picture shows vast tracts of fallow
agricultural plots after the rainfed paddy has been harvested.

Other Issues
Government-led programmes and policy will soon lead to groundwater
competition and conflict between uses of groundwater such as drinking water,
irrigation and environmental flows. Programmes such as the ‘Bringing the
Green Revolution to Eastern India’ (BGREI) focus on increasing the agricultural
production in eastern India to reduce the stress on the natural resources in
north-western India. Irrigation is central to the green revolution. Groundwater
assessments that show eastern India as ‘safe’ have led to the belief that there
are unlimited, untapped groundwater resources in the region. This implies
that groundwater resources in the Mahanadi are largely untapped. The green
revolution driven groundwater boom in Punjab and Haryana lasted almost three
decades owing to the high storage capacities of alluvial aquifers. However,
currently the same regions are facing large-scale problems of overexploitation,
water logging, soil salinity and groundwater contamination. A similar approach
towards increasing agricultural productivities in the Mahanadi basin will prove
to be disastrous in the short term. It is clear from Figure 16 (A) that the majority
of Mahanadi basin (91 percent) is covered by formations that have significantly
lower storage capacities than the alluvial aquifers in north-western India. There
are already severe issues of groundwater contamination in some areas of the
Mahanadi basin. Tacit competition is apparent around groundwater resources,
with the potential to erupt into conflict between different stakeholders. Such a
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Photograph of a coal mine near Korba town. Large scale mining in the upper
and middle reaches of the Hasdeo basin will impact the quantity and quality of
groundwater.

situation necessitates caution during developing groundwater resources in the
basin as part of any policy or programme including BGREI that is aimed at
improving agricultural productivities through groundwater irrigation.
Mining is largely concentrated in the upper reaches of the Mahanadi basin. These
regions also host springs and base flows that enable rivers to flow perennially.
Springs do not figure in any of the Mahanadi basin groundwater assessments by the
state or centre. Large scale mining, especially in the upper reaches of the basin, will
impact aquifers which will in turn affect the drinking water security and environmental
flows in the rivers fed by these aquifers, both in terms of quantity and quality.
The issue of allocation of surface water from the Hirakud dam has been
periodically highlighted during the past decade. With limited allocation capacity
for agriculture and industry, it seems likely that both the industry and agriculture
will turn towards increased direct or indirect groundwater usage in parts of the
Mahanadi basin.
Given the dependency of drinking water requirements on groundwater in the entire
basin, rapid expansion of groundwater usage for any purpose will primarily affect
drinking water supply—both in terms of quantity, quality and sustainability over
different seasons. Groundwater quality is already an issue in the basin. Salinity
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and fluoride are the major identified concerns but other contaminants linked to
anthropogenic activity may be present. Iron in the delta region and arsenic in
the coal and gold mining belts and around ash dumps, are emerging issues that
need attention from a drinking water safety perspective. Groundwater quality is
strongly linked to the health of aquifers. Over exploitation leads to deterioration in
groundwater quality and the Mahanadi basin is vulnerable to groundwater quality
issues that will manifest due to an increase in exploitation of groundwater resources.
In order to prevent a groundwater crisis in the Mahanadi basin, policies that
promote groundwater usage should be preceded by a strong legal and policy
framework that considers the hydrogeological settings at local scales of the
Mahanadi basin and estimates sustainable use of groundwater in a way similar to
surface water allocations for all purposes—drinking water, environmental flows,
irrigation and industrial use. Natural inequities in the availability of groundwater
for any purpose cannot be addressed through technological interventions, as is
evident in large parts of India. A different approach is required that gives due
importance to the common pool nature of groundwater and to the identification,
mapping and management of aquifers in the river basin.
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About ACWADAM
Academic research aspires to improve the understanding of a subject and provide deeper
insights about the subject and its applications. However, highbrow research is of little
importance to the society, which will appreciate research only if it helps resolve problems and
address challenges on the ground. This is ACWADAM’s point of departure from conventional
approaches in water management.
Knowledge dissemination and action research form the core of ACWADAM’s activities,
without entering hands-on programme implementation. It has, through various partnerships,
demonstrated the strength of collaboration, participation and demystification (of science) in
its work. The work-so-far has also strengthened its resolve to develop a national strategy for
groundwater management and governance alongside the mapping of aquifers. ACWADAM
has also come to believe that the efficiency of programmes such as watershed development,
drinking water and sanitation security and revitalising rain-fed agriculture can be significantly
improved by integrating the science of groundwater during the planning and execution phases
of these programmes.
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India’s vibrant civil society. It has also partnered both Central and State Governments through
their line departments on certain aspects of groundwater management across the country.
ACWADAM’s work is now evident across India’s geodiverse landscape through fieldwork,
research and training.
ACWADAM’s Vision
Education and research programmes on groundwater should be strategically designed to
enable community-level decisions on managing resources like groundwater. Managing
common pool resources – particularly groundwater – requires demystification of science. The
need to lay emphasis on a participatory approach, in applying the science of hydrogeology
to understand aquifers, thereby facilitating community decisions and action on groundwater
management and governance was perceived to be equally important. This vision became the
foundation of our work and continues to drive all our efforts even today.
ACWADAM’s Mission
India has emerged as a hotspot of groundwater extraction, contamination and complex
derivatives of the combination of demand, supply and availability of groundwater resources.
ACWADAM’s mission has been considerably aligned to the uniqueness of India’s groundwater
dependency. Our work has been driven by the purpose of generating knowledge in a
participatory mode and developing capacities on using such (hydrogeological) knowledge in
practice and policy.
Embedding groundwater management within the larger context of rural livelihoods and natural
resources management forms the cornerstone of ACWADAM’s work. This approach has
defined a ‘typology’ of groundwater conditions and situations – at various levels from national
to local – with large-scale capacity building, hand- holding of organisations in the field and
science-based advocacy with communities as well as policy makers.
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The Forum and Its Work
The Forum (Forum for Policy Dialogue on Water Conflicts in India) is a dynamic initiative
of individuals and institutions that has been in existence for the last ten years. Initiated by
a handful of organisations that had come together to document conflicts and supported
by World Wide Fund for Nature (WWF), it has now more than 250 individuals and
organisations attached to it. The Forum has completed two phases of its work, the first
centring on documentation, which also saw the publication of ‘Water Conflicts in India:
A Million Revolts in the Making’, and a second phase where conflict documentation,
conflict resolution and prevention were the core activities. Presently, the Forum is in its
third phase where the emphasis of on backstopping conflict resolution. Apart from the
core activities like documentation, capacity building, dissemination and outreach, the
Forum would be intensively involved in right to water and sanitation, agriculture and
industrial water use, environmental flows in the context of river basin management and
groundwater as part of its thematic work. The Right to water and sanitation component
is funded by WaterAid India. Arghyam Trust, Bengaluru, which also funded the second
phase, continues its funding for the Forums work in its third phase.

The Forum’s Vision
The Forum believes that it is important to safeguard ecology and environment in general
and water resources in particular while ensuring that the poor and the disadvantaged
population in our country is assured of the water it needs for its basic living and
livelihood needs. The Forum is committed to the core values of equity, environmental
sustainability, efficiency, livelihood assurance for the poor and democratisation.

The Forum’s Mission
The Forum’s mission is to influence policies and actions at all levels and work towards
resolving, and preventing water conflicts in an environmentally and socially just manner,
and creating awareness for achieving participatory, equitable, and sustainable water
use. The Forum aims to carry out these through stakeholder interactions, knowledge
creation, policy advocacy, training, networking and outreach.
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