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Abstract: 

In the stretch of Digha to Petuaghat coastal area, saline water encroachment is one of the emerging problems 

for ground water contamination. The sub-surface aquifers of this study area consist of sand, silt and clay 

which are deposited by both the rivers Ganges and Subarnarekha and sea waves of the Bay of Bengal. Due to 

higher amount of sand, high porosity is the dominant characteristics. Owing to over pumping of ground 

water decreases the amount of fresh water and reduces the water level. For this reason ground water level is 

distorted and create a “cone of depression” and reversal of ground water gradient. The problem is an 

emerging challenge as the coastal areas host ≈40% of the total global population. Impacts of the seawater 

encroachment on the health of the local community, economic and socio-cultural developments in the coastal 

areas have led to a wide variety of research being conducted. The objective of the present study is to provide 

a detailed review of the processes that control the seawater intrusion into the coastal aquifers and the 

necessary measures to mitigate the same. Various methods of investigation and their applicability are 

explained.This paper suggests the sources of saline water encroachment into fresh water coastal aquifers and 

its impact on environment. 

Keywords: Coastal aquifer, Cone of depression, Ground water contamination, Ground water gradient, 

saline water encroachment, Water level. 

 

Introduction: 

Saline water encroachment is defined as the movement of saline water from the sea into fresh water aquifers 

that are hydraulically connected with the sea. Naturally saline water encroachment process occurs to some 

degree in most coastal aquifers. Since the density and pressure of saline water is higher than the fresh water, 

saline water intrudes into the coastal freshwater aquifers, and leads to the Salinization. Digha to Petuaghat 

coastal area of Purba Medinipur district is a high population density area. Due to the various human 

activities, ground water pumping rate usually exceeds the recharge rate which cause saline water 

encroachment. Generally saline water intrudes lateral sides (landward) and upward into coastal aquifers. And 

also downward from saline marshes and brackish water fisheries. 

Normally fresh water flows through inland aquifers with higher ground water level (hydraulic head) to the 

sea and discharge along the coastline. This normal movement of fresh water towards the sea prevents saline 

water to entering fresh water coastal aquifers. But, over pumping of ground water can decrease the amount of 
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fresh water and reduce the water level. As a result, saline water of the Bay of Bengal, tidal rivers, khals, 

canals and creeks intrudes into inland coastal aquifers. Upward seepage occurs due to thin or leakage 

confining layer, saline water ingress from deeper saline aquifers to sub-surface fresh aquifers. In the present 

work, an attempt has been made to explain various factors responsible for saline water encroachment and the 

mitigation strategies. The scope of different methodologies for the investigations of seawater encroachment  

has been discussed in detail. Finally, the status of seawater intrusion in the coastal aquifers of India has been 

thoroughly reviewed. 

 

Location of the study area: 

Purba Medinipur district is the southernmost district of Medinipur division (one of the five administrative 

divisions of West Bengal). This study area locates along the coast line of the Bay of Bengal. West Bengal has 

a long coast line of almost 325 kilometers including islands. The coastal stretch of this study area is about 50 

kilometers long extending from Digha to Petuaghat. Latitudinal extension of this coastal area is 21o 36ʹN to 

21o 48ʹN and longitudinal extension is 87o 28ʹE to 87o 53ʹE. This study area is bounded by Orissa on the 

west; Egra- I & II, Contai-III and Khejuri-I on the north; Rasulpur river on the east and the Bay of Bengal in 

the south. This study area consists of four C.D Blocks i.e. Ramnagar- I & II, Contai- I and Deshapran. 

 
    Fig:-1- Location of the Study Area. 

 
Objectives: 

Ground water is a very important natural resource and has a significant role on socio-economic development 

of this study area in Purba Medinipur district. In this study area the ground water has contaminated rapidly 

due to various sources of saline water encroachment. As a result, there is a adverse impact on environment. It 

is the main object for this study and analyzes the sources of saline water encroachment into inland aquifers 

and its impact on environment. Selection of this study area depends upon the following objectives: 

i. To study the saline water increase in sub-surface aquifers. 

ii. To find out the sources and causes of saline water encroachment into coastal aquifers. 

iii. To assess the impact of saline water encroachment into coastal aquifers. 

iv. To study the protection from ground water contamination. 

Bay of Bengal 
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v. To improve the quality of ground water. 

vi. To aware the people from misuse of ground water, 

 

Methodology: 

This study has been done on the basis of intensive visit of study area, extensive literature review, 

experimental documentary analysis and field observation to know the different sources of saline water 

encroachment into inland aquifers of this study area. The methods applied to achieve this can be broadly 

divided into two types: (i) direct method and (ii) indirect method. The direct techniques involve collection 

and analysis of sample data, while in indirect method; the hydrologic properties are interpreted from the 

measurement of seismic velocities of the aquifer material. Moreover remote sensing and geographical 

information systems (GIS) have also been used in combination with direct or indirect methods to monitor the 

coastal aquifers. Books, Recent research papers are published in different national and international journals 

and also presented in different seminars and reports of Geological Survey of India are very essential and 

helping tools to ready this study. 

 

 
Geological structure of the study area: 

The quality and quantity of ground water in the aquifers depend on geological setting of any region. Hydro-

chemical characteristics fully depend on geological framework and also saline water encroachment process. 

This coastal area is predominantly underlain by unconsolidated quaternary and semi-consolidated tertiary 

sedimentary formations. This coastal area is formed by Lithological units of recent fluvial and marine 

deposits. Existing river valleys were truncated and create newer active sedimentation areas. Older 

sedimentation areas were made passive due to geological and tectonic activities. 

 The geological formation in this coastal area of Purba Medinipur district comprises sediments of fluvial and 

marine deposits. Grain size of these sediments depends on the primitive and new depositional environment. 

The coarser materials are usually attained from fluvial environment and the finer materials from the sea. 

Coarse sediments are found in beaches, bars and open bays while the finer sediments are concentrated in 

active tributaries such as in marshes, stagnant bays and abandoned channels (Bhattacharya et al, 2004). 

   The Quaternary sediments are underlain by the Tertiary sediments. Both Holocene (recent) and Pleistocene 

sediments have been deposited successively by the river Ganga and Subarnarekha. The Quaternary alluvium 

consists of sand, silt and clay, the thickness increases towards south. The thickness of Quaternary sediments 

is around 60 m to 200 m. The grey clay bed demarcating the top of the Mio-Pliocene deposit is considered as 

“marker bed” which separates the Quaternary alluvium and Tertiary alluvium. The Tertiary alluvium consists 

of clay, shale, limestone, sandstone etc. The thickness of Tertiary sediments is greater than 200m from base 

of Quaternary sediments. The basement rock of Tertiary sediments is not encountered. 

 
Table: The depth of occurrence of different stratigraphic units 

Location 

 

Location Depth of 

borehole 

(m bgl) 

 

Quaternary Sediments Tertiary 

sediments Newer 

alluvium 

 

Older 

alluvium 

Contai 400.5 GL – 70 70-172 172->400.5 

Shankarpur 251 GL-68 68-110 110->251 

Junput 251 GL-65 65-107 107->251 

Negua 420 GL-18 18-57 57->420 

Bhagwanpur 250 GL-10 10-67 67->250 

Khejuri 401.37 GL-109 109-211 211->401.37 
 Sources: Drinking water quality action plan for East Medinipur, 

               Ground water exploration by CGWB, Govt. of India. 
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Table: Status of Ground water development 

Name of Blocks Tentative Aquifer Zones 

 in (m bgl) 

Aquifer potentiality & chemical 

quality 

Ramnagar- I 6-8, 40-56, 60-80, 130-136, 140-

146, 190-197, 210-216 

Ground water is fresh in Dune sand 

down to depth of 12m bgl. Upper 

aquifer within 120m bgl is brackish. 

Potential fresh aquifer is below 120m 

bgl. Aquifer is under confined 

condition. Ground water is Na-Ca-Mg-

HCO3-Cl type. 

Ramnagar- II DO DO 

Contai-I 4-12, 30-50, 60-80, 130-136,140-

146, 190-197, 210-216.  

Contai Municipal area is on dune 

sand where fresh ground water only 

found in dune sand within depth of 

15m and below this ground water is 

brackish down to depth of 250m bgl. 

Upper aquifer within 120m bgl is brackish. 

Potential fresh aquifer is below 120m 

bgl. Aquifer is under confined 

condition. HDTW tapping granular 

zone of 30-40m within depth of 300m 

bgl yield 100-150m3/hr. T values range 

300-1800m2/day. S values range 

1.4x10-4 to 9.0x10-4. 

Deshapran DO DO 

 Source: Central Ground Water Board, Govt. of India 

 
Drainage basin of the study area: 

In geomorphology, drainage systems are the patterns formed by the streams, rivers and lakes in a particular 

drainage basin. Drainage systems are mainly governed by the topography of the land, weather, rocks, and 

gradient of the land. Drainage basin is the topographic region from which a stream receives runoff and 

ground flow. Land use pattern of any region depends on the drainage system and drainage basin of this 

region. Agricultural development also depends on the drainage system and basin. In this coastal area, 

Rasulpur river, Pichhabani canal and Champa river are the main streams and also many small canals flow. 

Each river is mixed with the Bay of Bengal.  

 

 
Fig:2- Main drainage basins of the study area. 
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Sources of saline water encroachment: 

1. Lateral encroachment of saline water from the Bay of Bengal: 

   Lateral encroachment of saline water from the Bay of Bengal along the base of aquifers caused by 

reduction of freshwater due to groundwater withdrawals for different purposes like drinking water, irrigation, 

fishery, ice factory, industry, automobile servicing, family works, etc. When groundwater is being pumped 

from freshwater aquifers, that occurs a hydraulic connection with the sea and induced gradients. It may cause 

the encroachment of saline water from the Bay of Bengal towards the aquifer. As a result, this mixed water is 

unusable. 

2. Infiltration from tidal marshes:  

   Along the Purba Medinipur coastline many tidal marshes are evident. 

 

 

3. Intrusion from estuaries and creeks:  

Due to the coastal formation the geological structure is modified in different geological ages. The late 

Cenozoic landforms in Purba Medinipur are influenced by many tectonic movements. According to Twiss, 

the tectonic impacts are extended up to the Tibetan plateau. It is also in the Singalila and Cholo range of 

Darjeeling and Sikkim Himalaya, many formations were built by that tectonic movement.  

 

 

Fig-3-Fresh and saline water interaction 

 

http://www.ijcrt.org/


www.ijcspub.org                                    © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1300 International Journal of Current Science (IJCSPUB) www.ijcspub.org 672 
 

4. Percolation from tidal rivers, canals, and khal: 

    Upstream saline water migrates in many tidal rivers, unregulated canals, or khals and during drought 

season, the leakage of saline water enters into the surface aquifer. 

5. Percolation from brackish water fisheries: 

 It is the common percolation process according to the soil porosity. In the coastal region of Purba 

Medinipur, the cohesive compound are not very strong as the many locations now converted from dunes to 

paleo dunes. These are the common agricultural field along the coastline. Brackish water easily percolated 

under those paleo dunes and salinity in subsurface water increased.  

 

6. Upward seepage from deep layer through leaky and thin confining layer:  

As the pressure gradient is high along the coast and the tidal waves increased the pressure on groundwater, 

thus the sea page occurs at high tide.  

7. Impact of high tide and scope for the intrusion of saline water: 

8. Cyclones:  

During cyclones, the sea wave increases to abnormal heights. The rise of seawater submerged the coastal 

regions. In many situations, it continues for more than two to three days. Thus the saline water from the sea 

submerged the coastal area with saline water. The low-lying areas along the coast are covered by seawater 

for some time. During the event, the percolation of saline water took place in many locations.  

Reasons for saline water encroachment: 

   The reasons for saline water encroachment and freshwater contamination are given below- 

1. Groundwater extraction:  

The main cause of saline water encroachment into freshwater aquifers in this coastal area is groundwater 

extraction, which is the primary cause. Groundwater is the main source of drinking water in this coastal 

area and also the source of irrigation for the summer season, the source of fresh water in fishery, the 

source of water in an ice factory, and the source of fresh water in each family for different works, etc. To 

meet those needs, the rate of groundwater extraction is gradually increased, which can lower the level of 

the freshwater table and reduce the pressure exerted by the freshwater column, and allow the denser 

saline water to encroach on freshwater aquifers laterally. 
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 2. Density of freshwater and saline water: 

    The density of saline water is slightly higher than freshwater due to salinity and other components. To 

maintain the equality of salinity of water, the saline water intrudes the inland aquifers. As freshwater is less 

dense than intruded saline water, it floats on the top of the aquifer. The boundary between saline water and 

freshwater is not distinct. This transition zone is a mixing of saline and freshwater.  

3. Reversal of groundwater gradients and development of cone of depression: 

   Another most important cause of saline water encroachment is the reversal of groundwater gradients in the 

coastal aquifers of this study area. Over withdrawal of freshwater disturbs the hydrodynamic balance. As a 

result, creates a “cone of depression” and the reversal of the groundwater gradient. For these reasons, the 

saline water of the Bay of Bengal intrudes into the freshwater aquifer. 

 

 

 

Fig-4- Fresh and saline water interaction 

 

 

 

4. Destruction of natural barriers: 

   Natural barriers show along the coastline of the Bay of Bengal, which separates freshwater and saline 

water. Due to natural and supernatural activities, the natural barriers are occasionally destructed. As a result, 

it will lead to the entry of saline water of the Bay of Bengal into inland and infiltration into groundwater.  

5. Subsurface disposal of waste saline water, 

6. Degradation of groundwater – 

   i. continuous use of groundwater without sufficient outflow, 

   ii. the lateral or upward intrusion of saline water 

7. Excess groundwater use, 

8. Unplanned brackish water shrimp farming, 

9. Insufficient management system, 

10. Poorly maintained infrastructure of water resources. 
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11. Thin or leakage confining layer in between first layer (fresh) and second layer (saline). 

12. Drainage of surface water: 

13. Use of groundwater to reduce the salinity of fisheries. 

    In the rainy season, natural surface water drainage to the Bay of Bengal by the rivers, canals, khals, and 

sinks. For this reason, groundwater is not fully recharged. These drainage efforts lowered the water level in 

this coastal area and allowed saline water to encroach inland along the base of the water table and lower 

aquifers. 

 

Factors of saline water encroachment: 

   The main factors which influence saline water encroachment into inland aquifers of this coastal area are 

given below- 

 

 

Impact of saline water encroachment on the Environment 

i. Fresh water is contaminated by saline water,  

ii. Groundwater is becoming saline 

iii. Impact on Agriculture 

iv. Shortage of irrigational water 

v. Soil is becoming saline 

vi. Low agricultural productivity 

Factors of 
saline water 

encroachment

Hydrogeology

Surface 
run off

Type of 
aquifer and 
its structure

Intensity 
of rainfall 

and 
frequency

Irrigation
Groundwater 
recharge and 

discharge

Geological 
structure

Tidal 
fluctuation

Rate of 
ground water 
withdrawals
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vii. Decreasing agricultural land 

viii. Increasing brackish water shrimp farming 

ix. Shortage of drinking water 

x. Change of Landuse pattern, 

xi. No Government policy for water resource management etc. 

 

Methods for mitigation of saline water encroachment: 

  Saline water encroachment has occurred to some problems in the coastal aquifers. Saline water cannot be 

used to irrigate crops or be consumed by people. So, there is a need to mitigate the saline water 

encroachment into inland aquifers. To mitigate the saline water intrusion, different methods should be 

followed. These are given below- 

(I) well drill: 

1. Well-siting: Avoid drilling in locations immediately adjacent to the coast e.g. within 50 m.  

2. Well depth: Avoid drilling excessively deep within areas proximal to the coast. The depth of the 

freshwater-saltwater interface varies in different places of the coastal area. There are established formulas for 

estimating the depth of the transition zone based on static groundwater level e.g. Ghyben-Herzberg, Hubbert, 

although these formulas may be inaccurate for fractured bedrock.  

3. Well alteration: Avoid using technologies such as hydrofracturing in areas <100 m from the coast to 

reduce the risk of opening fractures that are directly connected with the sea. 

4. Know the risks: Be aware of areas that are at risk of saltwater intrusion and educate property owners, site 

managers, or water system operators that their well or locale could be affected. 

5. Monitor during drilling: When a well is drilled in coastal areas, drillers should use a measurement tool to 

measure the actual conductivity or salinity of water to monitor the quality of water. If the salinity increases 

by measurements during drilling, it should be necessary to seal the well. 

6. Close wells: Unused wells, abandoned wells, open boreholes or which are no longer needed, it should be 

closed to protect the aquifer from cross-contamination and also protect the aquifer from the vertical 

movement of saline groundwater.  

7. Get advice: If needed to drill, consult a qualified professional (e.g. hydrogeologist and geologist). 

(II) Well pump set up and well operation: 

1. Reduce use: The use of groundwater for irrigation, gardening, and aquaculture must be reduced.  

2. Re-used water: Re-used water protects and conserves the groundwater. 

3. Pump depth: The pump depth should be reduced.  

4. Low-volume, high-frequency pumping: The volume of water withdrawal from aquifers should be 

reduced and increase the number of well for reducing the duration of pumping.  

5. Pump timing: Not simultaneously pumping, but the well is ready to pump at different times for 

different wells. 
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6.  Increase storage: During the dry season, the must be reduced the pumping and in the wet season, 

recharge the groundwater from rainwater after pollution-free or free from contamination. 

7. Prevent leaks: To detect the leak should be installed the alarms or indicators.  

8. Discontinue use: When the well is contaminated by saltwater intrusion, it should necessary to 

discontinue for some time to recover.  

 

Conclusion: 

The study has demonstrated that the seawater encroachment is more prominent in the stated coastal 

stretch. Huge sediment loads brought by the east-flowing rivers and their subsequent deposition 

into the Bay of Bengal results in a lower hydraulic gradient. This allows the seawater from the Bay 

of Bengal to easily intrude into the coastal aquifers. The east coast also experiences frequent 

cyclonic disturbances originating from the Bay of Bengal. These cyclonic disturbances result in 

higher tidal activities along with severe flooding and salinization in the coastal areas. On account of 

the wide variation in geological, structural, climatic, and coastal geomorphic set-up along the study 

belt it is advisable to adopt the best mitigation strategies based on the local conditions. Several 

measures have been taken by the government on the but it is felt that involvement and active 

participation of the people at the local level are necessary for more effective management of 

seawater encroachment. The awareness among the coastal community is of foremost importance in 

the safekeeping of coastal water resources for future usages. 
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