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Abstract- The present study illuminates the status of Aquifer in
hard rock terrain in a part of Easternghats belt of Odisha
using Hydrogeological approach. Ground water occurs under
phreatic conditions in weathered zones (shallow aquifer) and
under semi confined to confined condition in the deeper
fracture zone (deep aquifer). The weathered residuum
ranging in thickness from 5 m to 15m and the fractured zones
constitute the principal repository of ground water in the area
Well inventory reveals that the seasonal fluctuation of water
table varies from 2.1 m to 7.5 m. Most of the area show
fluctuation between 3 to 6 m. In general, topographic highs
have higher water table fluctuation (seasonal) than the
topographic lows. The delineated geomorphic units of the
study area are pediplain, flood plain, pediment, structural
valley, denudational hill, structural hill and inselberg.
Ground water potential is moderate to good in
hydrogeomorphic units such as flood plain and weathered
pediplains.The net annual utilizable ground water resource of
the block is 4118.36 HM. The net ground water draft is 852.95
HM (Unit draft method, based on 100% well census). The
ground water balance of the block as on December 2007 is
326541 HM, out of which 326.50HM can be utilized for
domestic and drinking purposes and 2938.91HM for
additional irrigation purpose. At present, the stage of ground
water development is 20.71% and falls under safe category.
Hence, there is a vast scope for ground water development
through suitable abstraction structures for development of
agrarian economy. The ground water in the investigated area
shows limited seasonal variation in quality. Comparison of
the Hydrochemical parameters results of the study area with
that of ISI (1983) standards ensures the potability and other
domestic utility of the ground water of the block except very
few locations. Optimal and judicious utilization of ground
water through properly designed abstraction structure
constructed at suitable locale with accompanying protection,
augmentation and conservation measures can being about
laurels to the agrarian economy of the area and can mitigate
the problems of drinking water scarcity faced during summer
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I. INTRODUCTION

Digapahandi block of Ganjam district is a chronically
drought prone and economically backward area of Orissa.
About eighty percent of the population are rural folks.
Agriculture is their mainstay. Surface water irrigation is very
limited and also not dependable due to vagaries of monsoon
rainfall. Drinking water problem is very acute during summer
as most of the wells go dry or yield less water.The economy of
the area is basically agrarian. The development of agrarian
economy demands stabilized agriculture and crops insurance
against drought. The expansion of agriculture is inevitable.
The area requires development of ground water through
suitable structures to combat drought and to increase crop
yield by covering more areas under irrigation. The study
indicates that the stage of ground water development is only
20% and there is a vast scope for ground water development
through suitable structures. Optimum utilization and efficient
management of ground water resources in the block will boost
agricultural  production and improve socio-economic
condition of the people.

The literature available on ground water evaluation,
development and management was reviewed in detail. Sikdar
et al. (2007), Sankar and Venkatram (2002), Chauhan (2000)
Rokade et al. (2007), Mahapatra et al. (2000), Patnaik(2003),
Reddy et al.(2003), Sahu and Sahoo (2006) and Sahu (2008)
in their study relating to ground water exploration and
targeting potential ground water zone, have emphasized that
integrated geological, geophysical, remote sensing and GIS
techniques should be adopted for targeting potential ground
water zones in hard rock areas. Reddy (1999) has emphasized
the need to adopt modern know-how i.e. Remote sensing and
GIS to evaluate the ground water potential in hard rock
provinces.Josrotia and Singh (2007), Singh et al. (2007),
Prasad (2007) and Pandian (2007) and Sahu (2003) studied on
the hydrochemistry and ground water quality in different parts
of the country and emphasized the need of qualitative
evaluation for sustainable development of ground water
resources. Chadha (2000), Patnaik (2003), Jha (2000),
Viswanathan (2002), Umrikar (2002), Nayak et al. (2003),
Pradhan (2003), Sahu (2003) and Das (2006) in their studies
on ground water development and management has remarked
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that artificial recharge structures / rain water harvesting
structures play a key role in sustainable development of
ground water resources. Implementation of water harvesting
structures have improved the status of water table in the area.

Located on the east coast of India, Digapahandi block of
Ganjam district, Orissa is bounded by 19°11°30” to 19%24°0”
N Latitude and 84°19'50" to 84°%1°24” E longitude (fig.1)
falling in the Survey of India Topo sheet Nos.

742 742 and 742
78

It has a geographical area of
422.18 sq. km. Digapahandi block is situated at a distance of
60 km from district headquarters Chatrapur. It is well
connected by all weather roads, State Highways. Berhampur,
the principal town of the Ganjam district, located at a distance
of 30 km from the block headquarter, is well connected by
roads. Howrah- Madras broad gauge line of East Coast
Railways passes through the Berhampur City. As per 2001
census, the total population of the block is 136618. Literacy
rate is 49.72%. Male and female literacy rate are 66.82% and
32.83% respectively. Total no. of villages is 232. No. of
households is 28855.

INDEX MAP OF DIGAPAHANDI BLOCK, GANJAM DISTRICT
e s

£
DIGAPAHANDI BLOCK 7

Figure 1: Location map of Digapahandi Block Ganjam District
1. OBJECTIVES

1. To delineate potential aquifer zones for taping ground
water.

2. Quantitative assessment of ground water resources and
ground water budgeting.

3. To estimate the additional areas that can be brought under
irrigation.

4. Qualitative assessment of ground water resources in terms
of irrigational and domestic uses.

5. To demarcate areas suitable for different ground water
abstraction structures.

6. To demarcate suitable sites for specific water harvesting/
artificial recharge structures for augmentation of ground
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water resources which will act as buffer in the event of
drought.

7. 7.To prepare a plan for ground water development and
management

111. METHODOLOGY

1. Collection of secondary data like population, rainfall,
ground water abstraction structures and irrigation
potential. Collection of Toposheets, references etc.

2. Reconnaissance survey with special reference to
lithology, structure, topography and weathering
characteristics.

3. Systematic collection of hydro geological data for both
pre and post monsoon period during well inventory
studies and interpretation of data. Preparation of water
table contour map and water table fluctuation map.

4. Estimation of ground water resources using “water table
fluctuation method” recommended by the Ground water
Estimation Committee (GEC-1997) constituted by Govt.
of India.

5. Remote sensing technique has been adopted. Hydro-
geomorphological map, lineament and structure maps
have been used.

6. Vertical Electrical Sounding (VES) survey has been
carried out in 21 selected locations and interpretation has
been done to understand the gross aquifer condition.

7. Systematic collection of ground water samples from
shallow and deeper aquifers during pre and post monsoon
period and chemical analysis for ions like Ca, Mg, Na, K,
CO3, HCOg, CI, SO,4, NO3 and other parameters like Ph,
Temp., TDS, EC etc. are measured in the field.

8. Hydro-geochemical evaluation based on studies
established by Doneen (1964), Richards (1954) etc. have
been carried out.

9. Based on the hydro-geological set up, a map showing
suitable site-specific artificial recharge structures has been
prepared.

IV. RESULTS AND DISCUSSION

Ground water occurs under phreatic conditions in
weathered zones (shallow aquifer) and under semi confined to
confined condition in the deeper fracture zone (deep aquifer).
The weathered residuum ranging in thickness from 5 m to
15m and the fractured zones constitute the principal repository
of ground water in the area. The water yielding fracture zones
are generally restricted within a depth of 100m bgl. Two to
three water bearing fracture zones have been encountered
within 100m depth. Well inventory reveals that the seasonal
fluctuation of water table varies from 2.1 m to 7.5 m. Most of
the area show fluctuation between 3 to 6 m. In general,
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topographic highs have higher water table fluctuation
(seasonal) than the topographic lows. The ground water flow
direction is generally towards SE. Depletion of phreatic
aquifer is a common phenomenon during October to mid-June
period due to recession of ground water table, rendering dug
wells dry. The rapid decline of water table is mainly
attributed to the base flow and sub-surface flow in the
perennial and ephemeral streams. The phreatic zone gets
replenished through rainfall recharge and accounts for the
dynamic ground water resources. The monsoon recharge to
the phreatic aquifer is sufficient and accounts for 3 to 6 m rise
in water level over the pre monsoon level in major part of the
investigated area.

Based on satellite data, four sets of lineaments have
been identified. The trends of dominant lineaments are NE-
SW and NNE-SSW. The lineament density is high in NW
part of the block. The probability of encountering aquifers
with high potentialities is maximum in the vicinity of
lineaments and intersection of lineaments in the NW part of
the block. The delineated geomorphic units of the study area
are pediplain, flood plain, pediment, structural valley,
denudational hill, structural hill and inselberg. Ground water
potential is moderate to good in hydrogeomorphic units such
as flood plain and weathered pediplains. The residual hills,
denudational hills and pediment- Inselbergs complexes have
been identified as run-off zone. The area characterized by
deeply weathered buried pediplain along with high lineament
density have been identified as “High” groundwater potential
zone (Dekhali, Bomkei, Padmanavpur, Digapahandi, Denkari,
Gokarnapur, Bhismagir villages). The potentiality of aquifer
system for ground water development is moderate to good in
60% area of the block. The classified ground water potential
zones map based on satellite data and field observations can
form the base map for the concerned authorities to take
necessary action in future ground water development activities
in the study area.
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Table 1. Groundwater Potential Zones of the study area

Groundwate | Characteristic features | Areal Important Locations
r Potential | of the zone distribution
LZone (Approx.)
Deeply weathered buried Ganeswarpur, Denkari,
pediplam, flood plam, Gokamapur, Digapzhandi,
high lmesment density, 30% Ehamarigam, Pentha,
HIGH Intersection  pemts  of Santarapur, Bhismagiri,
Imezments, flat to gentle Jakamari, Szhadeb,
slope, depth t© water Gajapatipama, Padmanavpur,
tzble Im to 5m kgl Bajrapumma,
Jakarapali, Sanakelajhori,
Jakar, Dekali and Bomksi
Shallow weathered Talapada, Talasmpi,
burisd pediplain, Bhusanda Ankorads,
MODEFRAT | moderate lineament 32% Ensapada JTharipadar,
E density, moderate slope, Turubudi, Komarada,
depth to water table Sm Karapada Dharmapada,
to 8m bgl, extension of Nandagzon, Sidheswar,
lineament to pediment. Kotinadz and
Shyamasimdarpur
Padiment without Gumma, Engarsing
lnezments, depth to Padmapur, Fajghads Badapur
water tzble greater than 38% Bidyadharpur, Tada,
LOW Sm begl, high to moderate Dhepaguda, Knsaput,
slope Knchirida, Allalimgi,
Dhamenapadar, Mzhulpaa,
Fangzputa, Arakhapada,
Keshapur, Kuruma, Damapur
and Mahulzpada

The net annual utilizable ground water resource of
the block is 4118.36 HM. The net ground water draft is 852.95
HM (Unit draft method, based on 100% well census). The
ground water balance of the block as on December 2007 is
3265.41 HM, out of which 326.50HM can be utilized for
domestic and drinking purposes and 2938.91HM for
additional irrigation purpose. At present, the stage of ground
water development is 20.71% and falls under safe category.
Hence, there is a vast scope for ground water development
through suitable abstraction structures for development of
agrarian economy. A total additional area of 3672 hect. and
2203 hect. can be irrigated during kharif and Rabi season
respectively by utilizing the balance ground water.
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Table 2. Groundwater Resource Estimation and Budgeting of
Digapahandi Block

Ground water resources estimation (water table fluctuation method)
Lithology Land form Areain Specific | Water table Unitwise
Hect. vield fluctuation (m) | resource
estimation in
HM (3x4x5)
1 2 3 4 H 6
Alluvium Flood plain 1930 0.063 40 301.93
Desply 13822 0.050 48 311728
Weathered
Buried
Pediplzin
Shallow 10739 0.025 6.0 1613.90
Weathered
Burried
Pediplzin
Granite gneiss [Pediment 3088 0.015 83 393.72
Inselberg 314 Nowater tzble
Structural 237 0.040 33 36.34
Valley
Structural Hill | 7207 No. water table
Chzmockite | Denudational | 4633 Nowater table
=nd Hill
EKhandalite
Gross Ground water Resources — 5883.37THM
Net Utilisable Resources (70% of gross) — 4118.36 HM

Ground Water Budgeting

Resources

1. Gross Ground water Resources JR833THM
2. Net Utilizzble Resources (70%: of gross) 4118 36HM
Draft (Unit draft method, 100% well census)

1. Groszz Ground Water Draft (Annual) 1218 50 HM
2. Net Ground water Draft (70% of Grosz) 8352 95 HM
Ground Water Balance 3265 41 HM
Stages of Development 20.71%
Category SafeWhite
Allocation

1. Domestic and Drimkmg (10% of Balance) 32650 HM
2. Avagilable for irrigation 203301 HM

The ground water in the investigated area shows
limited seasonal variation in quality. Comparison of the
Hydrochemical parameters results of the study area with that
of ISI (1983) standards ensures the potability and other
domestic utility of the ground water of the block except very
few locations. With respect to sodium Adsorption Ratio
(SAR), Residual Sodium Carbonate (RSC), Total Dissolved
Solid (TDS), Percent Sodium (%Na), Magnesium Hazard and
Permeability Index (P.1), the ground water of both dug wells
and bore wells falls within the good to excellent category for
irrigation except very few cases.

Depending upon the thickness of the saturated
weathered zone, intensity of fracture zones, and depth to
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massive bed rock, suitable ground water abstraction structures
have been suggested to harness ground water for sustainable
growth of rain fed agriculture and mitigating drinking water
problem in the area. The ground water can be developed by
sinking open wells, dug-cum-bore wells, shallow tube wells
and bore wells at hydro geologically favourable locations.
Based on the hydrogeological set-up, natural recharge
conditions, soils, slope of the area, land use pattern, future
optimal use of ground water; suitable sites for specific
artificial recharge structures such as percolation tank,
percolation-cum-irrigation tank, check dam, contour bund,
gully plug and vegetative measures have been suggested to
maintain the balance between the recharge and draft.

V.CONCLUSION

Scientific well siting on the basis of the results of the
present hydrogeological studies is recommended. Suitable
steps for revitalization of old and defective wells and rain-
water harvesting structures may be under taken. The existing
dug wells, which go dry during summer, may either be
deepened or bore well can be drilled to meet the water
requirement. Horizontal bores may be drilled for increasing
the well yields. Rain water Harvesting (RWH) and Atrtificial
Recharge Structures such as percolation pond, check dam,
gully plug, contour bund and vegetative measures may be
taken up by government agencies for serving dual purposes of
improving the health of ground water sanctuary and solving
geo-environmental problems like land degradation by soil
erosion. This activity may generate additional employment
opportunity for rural youth. Steps are to be taken up for
speedy energisation of the wells already constructed to ensure
optimal utilization of the ground water potential for rural
development. As there is an ample scope for development of
ground water in the investigated area, financial institution
should come forward for financing ground water development
schemes. Optimal and judicious utilization of ground water
through properly designed abstraction structure constructed at
suitable locale with accompanying protection, augmentation
and conservation measures can being about laurels to the
agrarian economy of the area and can mitigate the problems of
drinking water scarcity faced during summer. Water Resource
Management (WRM) being an interdisciplinary area;
hydrogeologists, environmentalists, agriculturalists, engineers
in the area of hydrology, hydraulies, water supply, irrigation,
economists, sociologists, politicians and end-users should be
involved in decision making of the ground water development
projects.
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