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ABSTRACT 
 

Fresh water scarcity is one of the major problems in the southern region of Bangladesh. 
Khulna and Satkhira were selected as the study area since these two districts are widely 
recognized as areas affected by the most severe groundwater salinity problem.  The main 
objective of the study was to delineate suitable aquifers for agricultural and drinking water 
supply in these two districts and the outcome of the study was a database for groundwater 
salinity distribution at different depths, which could be potentially useful for planning of 
southwest coastal groundwater resources as well as for any future research requiring 
salinity data. 
 
The study was conducted mainly based on secondary data and information.  Secondary data 
included borehole electrical resistivity logs from Department of Public Health and 
Engineering (DPHE), electrical conductivity (EC) measurements by Bangladesh Atomic 
Energy Commission (BAEC), Bangladesh Agricultural Development Corporation (BADC) 
and Bangladesh Water Development Board (BWDB). Resistivity data were interpreted and 
verified for groundwater salinity (in terms of electrical conductivity), and together with 
other direct EC measurements were used to map groundwater salinity across the study area 
for different depths.  A large number of lithological logs available in the study area were 
analyzed and treated in two-dimensional environment to produce stratigraphic units and 
determine vertical distributions of subsurface formations. These data together with salinity 
maps were used to identify suitable aquifer areas with acceptable limits of salinity for 
agricultural (i.e. irrigation water use for paddy) and drinking water uses. 
 
In Satkhira district, most of the suitable aquifers in terms of drinking and irrigation 
purposes are found in the shallow zone, while in few cases they are found in the main 
aquifer.  Shallow aquifers at Chandanpur union in Kalaroa upazila contain fresh water zone 
i.e. EC is below 1000 µS/cm which is suitable both for irrigation and drinking water 
purposes. Banshdaha and Labsa unions in Satkhira sadar also have the fresh water in 
shallow aquifers. On the other hand, Brahmarajpur and Dhulihar unions of Satkhira Sadar 
do not have suitable aquifers either for drinking or irrigation purpose due to EC range 
above 3000 µS/cm. Shallow aquifers in Nagarhata union of Tala, Parulia union of Debhata, 
Assauni union of Assasuni, and Shyamnagar union of Shymnagar contain the fresh water 
which is suitable for both drinking and irrigation purposes.  The shallow aquifers in Kulia 
union of Debhata, Nalta and Sreeula unions of Kaliganj and Shyamnagar and Ranjannagar 
unions of Shyamnagar are not suitable for drinking but are suitable for irrigation purpose.  
  
In Khulna district, the shallow aquifer zone in most unions (except Chalna and Koyra) of 
Koyra upazila belong the high EC that is not suitable for either drinking or irrigation 
purpose. In Chalna union of Koyra, water is suitable for both drinking and irrigation, and in 
Koyra union water is suitable for only irrigation. The shallow aquifers in Dacope upazila in 
general have high EC contents (greater than 4000 µS/cm) except Batiaghata union, where 
water is suitable for irrigation. The water quality in Batiaghata upazila is better, with most 
shallow aquifers suitable for both drinking and irrigation except Dighalia where water is 
suitable for only irrigation. Rupsha, Phultala, Terokhada, Khulna metro upazilas have fresh 
shallow aquifers suitable for both drinking and irrigation, while shallow aquifer of Dighalia 
upazila is suitable for irrigation only. 
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Chapter 1 

INTRODUCTION 
 

 

1.1 Background 

Salinity intrusion is a growing problem in the coastal areas around the globe. The problem 

becomes exacerbated especially in the dry season when rainfall is inadequate and incapable of 

lowering the concentration of salinity on surface water and leaching out salt from soil. Besides 

constraining agricultural production, salinity limits the fresh water availability for drinking 

purpose and industrial production.  In Bangladesh, groundwater is a dependable source for water 

supply in Bangladesh; it is crucial for agriculture, drinking water and industrial use.  In the 

coastal area, as the surface water is gradually affected by salinity, groundwater is the major 

source of irrigation water and freshwater for drinking purposes. However, the use of 

groundwater is also affected by salinity in the coastal districts.   

 

About 20% of the net cultivable land of Bangladesh coastal region is affected by different 

degrees of salinity (Karim et al., 1990).  The impact of salinity on crop production as well as on 

aquatic environment is well documented (Karim et al., 1990; SRDI, 2003; BWDB and WARPO, 

2004; Uddin, 2005; Khanom, 2011; Islam, 2012).  Rice production is still dominated by the local 

varieties.  About 60% of the rice cropped area is planted with local varieties because of salinity 

and poor water management resulting from water logging.  The low coverage of dry season 

irrigated boro crop (as well as less coverage of HYV boro) is due to the shortage of fresh water 

availability.  The irrigation development in the study region is constrained by high surface water 

salinity during the dry season. Gradual reduction in freshwater river flow due to upstream 

diversion of water from major river system, Ganges, and the resulting progressive saline water 

intrusion in the rivers have brought about adverse effects to the agriculture of the entire 

southwest area (BWDB and WARPO, 2004).  With poor dry season surface water resources, 

groundwater is the primary source of irrigation water in some area.  However, shallow aquifers 

in most of the southwest coastal region are affected by different levels of salinity due to seawater 

intrusion and interaction with saline surface water (through flooding and irrigation), thus 

affecting freshwater availability for irrigation.  The irrigation coverage in the entire coastal zone 
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is only 30% of the net cropped area and 14% in the southern districts (Satkhira, Khulna, 

Bagerhat, Barisal, Patuakhali, Barguna, Pirojpur, Bhola, and Jhalokathi), compared to 50% in the 

country.  In coastal districts, more surface water irrigation used (16%) compared to 11% 

nationally.  The situation is reverse when groundwater irrigation coverage in coastal zone is only 

14% compared to 40% nationally (PDO-ICZMP, 2004).   

 

Commendable success has been achieved over the last few decades in providing safe drinking 

water in coastal areas, primarily through extensive exploitation of the available groundwater 

resources. But in recent years, groundwater based water supply in coastal areas is suffering from 

a number of major problems, main ones being arsenic contamination, lowering of the water 

table, salinity and non-availability of suitable aquifers (PDO-ICZMP, 2004).  While in some 

places, people can use groundwater from isolated freshwater lenses, in many parts of the coastal 

area, shallow aquifers have high salinity, and water supply wells need to penetrate very deep to 

find water of acceptable quality.   

 

Future concerns for groundwater use are two-folds.  Increased groundwater lowering as a result 

of extensive pumping would decrease out flow of fresh water towards sea, enhancing potentials 

of freshwater being replaced by denser saline water in the aquifer.  Saline waters have already 

intruded major groundwater sources of coastal area, especially Khulna city, due to increased 

anthropogenic pressure (WARPO, 2002).  On the other hand, sea level rise, a direct consequence 

of global warming, will have a similar effect on the salinity, as groundwater gradients will be 

lowered and the salt water interface will be pushed back inland, thus creating problem for 

agricultural, industrial and domestic use of water.  

  

It is thus important to have a good understanding of the spatial variability of salinity in coastal 

aquifers, and identify suitable aquifers for different uses, e.g. agriculture and drinking water. 

Because of diversified geologic settings of coastal area, location-specific spatial distribution of 

salinity must be known to judge the groundwater quality for its suitability for different uses, e.g. 

agriculture and drinking water. The complex hydrogeology of the coastal area means that aquifer 

characteristics are seldom continuous and uniform.  Salinity distribution also does not follow a 

consistent pattern; salinity in shallow and deeper aquifers may vary drastically within relatively 
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short distances. Since not all locations groundwater are contaminated with saline water, it is 

important to identify potential aquifers which can supply enough water throughout of the year for 

irrigation and drinking purposes.   Salinity mapping in coastal groundwater has been constrained 

because of lack of sufficient data on groundwater salinity.  Mapping of salinity over a wider area 

based upon limited data may provide useful indication of a general pattern; however, it may 

largely fail to capture local variations because of low density of observed data points.  For 

example, Akter (2010) recently made an attempt to assess of aquifer vulnerability to seawater 

intrusion in coastal southwest region based on limited available data; the results would be much 

more meaningful if data were available at greater spatial resolution and at different depths of the 

aquifers.   

 

This study was an attempt to make use of a number of recent measurements, especially borehole 

geophysical logging data, by a number of agencies to delineate groundwater salinity at different 

depths, and hence help identify suitable aquifers for agricultural and domestic water supply in 

part of southwest coastal region. 

 

1.2 Objectives of the Study 

The overall goal of the study was to delineate suitable aquifers for agricultural and drinking 

water supply in southwest coastal area.  The specific objectives were as follows: 

(i) To map salinity distribution at different depths in the study area 

(ii) To identify aquifer layers with acceptable limits of salinity for different uses  

 

The main expected outcome of the study was a database for groundwater salinity distribution at 

different depths, which would be useful for planning of southwest coastal groundwater resources 

as well as for any future research requiring salinity data. 

 

1.3 Limitations of the Study 

Although the study presents reasonable maps of salinity distribution over the study area, 

mapping of suitable aquifers at deeper depths in the northern part of the study area was 

constrained by lack of adequate data points.  Although groundwater salinity is not expected to 

change rapidly with time unlike surface water, there still remain some uncertainties, especially 
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with salinities at shallower depths, which may be affected by salinity intrusion from surface 

water sources other than sea water intrusion.  The data used in this study in salinity mapping 

refer to measurements over a period of 7 years.  This may potentially be a source of error. Also, 

while analyzing the suitability of aquifers for drinking water and irrigation purpose, the study 

considered only salinity (in terms of electrical conductivity) as the relevant parameter, whereas 

there are other important parameters, such as arsenic for drinking water and Sodium-Adsorption-

Ratio (SAR) for irrigation water. 

 

1.4 Organization of the Report 

Chapter Two presents the review of the salinity problems associated with different types of water 

use in the coastal region, and hence importance of groundwater salinity mapping. It also presents 

a brief review of salinity mapping techniques used in different parts of the world.  Chapter Three 

presents location and description of the study area. The description focuses mainly on 

hydrogeological characteristics, and existing salinity issues associated with irrigation and 

drinking water use as reported in previous studies.  Chapter Four elaborates the methodology 

followed in the study, including secondary data analysis.  Results are presented in Chapter Five 

along with discussion of the results. Chapter Six includes conclusions and recommendations.   
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Chapter 2 

LITERATURE REVIEW 
 

 

2.1 Introduction  

This chapter presents a brief review of salinity processes and associated issues in the coastal area 

of Bangladesh.  Conceptualizations of groundwater salinity processes in coastal aquifers in 

Bangladesh are discussed first.  A brief review of salinity problems as reported in a number of 

previous studies is presented. The impacts of salinity on different water uses, irrigation and 

drinking water in particular, are discussed.  Finally, a brief review of different salinity mapping 

techniques employed in different parts of the world is presented.   

 

2.2 Saltwater Intrusion in Coastal Bangladesh 

2.2.1 Conceptualization of sea water intrusion 

A conceptual illustration of the relationship between fresh and saline groundwater in the coastal 

regions of Bangladesh was presented in Flood Action Plan- Component 4 (FAP4) study 

(Halcrow and Others, 1993), as shown in Figure 2.1. The principal components include: (a) the 

presence of the saline front and lenses of freshwater in the upper aquifer; (b) the presence of the 

saline wedge in deeper aquifers; and (c) the existence of hydraulic continuity between 

groundwater and saline river waters. 

 

The position of the saline front in the upper aquifer is conceptualized to be controlled by regional 

flow of groundwater towards the sea, and the prevailing recharge conditions. In addition, 

freshwater lenses may occur, overlying the saline water. Under natural conditions only minor 

seasonal changes would take place in these relationships between fresh and saline waters.  

Groundwater abstraction at upstream however has the potential to cause adverse change; 

irrigation water withdrawal in the unconfined aquifer parts of the Kushtia/Jessore area will tend 

to cause movement of the saline front inland, resulting in more southernly wells beginning to 

pump brackish and saline groundwater.  Similarly, up-coning of saline water in production wells 

may result from ill-planned abstraction of water from the freshwater lenses for potable water 

supply purpose.  These problems have already been reported to have occurred in Khulna.  
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Figure 2.1: Conceptual diagram of salinity distribution and processes in southwest coastal region 

of Bangladesh (Source: Halcrow and Others, 1993) 
 

The position of the saline wedge in the deeper aquifers (case-b in Figure 2.1) is even less well 

defined.  Its position is again controlled by southwards groundwater flow from northern parts of 

the area, and over abstraction within the region will tend to cause the wedge to move inland, thus 

putting the existing irrigation wells at risk.  The relationship between groundwater and saline 

river water is thought to be a much less significant problem, with the interchange of waters 

between rivers and the aquifer in general low because of low hydraulic gradient between the two 

and low permeability of the upper aquifer.  It implies that while dry season groundwater 

abstraction takes place at a time when river water salinity is at its highest in upstream waters, 

there is no guarantee that it will be drawn into nearby wells.  

 

Ravenscroft and McArthur (2004) conceptualize the salinity intrusion in aquifers a little 

differently considering one shallow aquifer (upper composite aquifer and main aquifer 

combined) and deeper aquifer, as shown in Figure 2.2.  The schematic section in this figure 

provides a generalized description of the aquifers in the coastal belt of Bangladesh.  Towards the 

coast, they increasingly contain Cl-rich brackish water (Hoque et al., 2003). The aquifer sands 

are fine-to-medium grained with typical hydraulic conductivities of 10–50 m/d. Intervening 

aquitards become more prominent down-basin (southwards) and more commonly contain 
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brackish groundwater.  Owing to the high cost of wells >200 m deep, the deep coastal aquifers 

are rarely used for irrigation.  Inland, groundwater is drawn mostly from the uppermost 50–100 

m of sediments. Between 30 and 150 m in most of coastal Bangladesh, groundwater is generally 

brackish (and avoided as non-potable) and has yet to be removed by freshwater flushing.  

Aquifers below about 150 m have been intensively pumped for municipal supply over a period 

of 20–30 years at towns such as Khulna, Barisal and Noakhali, and as yet have not been 

significantly affected by salinization. The response to groundwater exploitation supports the 

conclusions that the shallow and deeper aquifers are in limited vertical continuity and/or that the 

brackish waters at intermediate depths are restricted to low permeability horizons. 

Figure 2.2: Schematic of aquifer stratigraphy in the coastal zone of Bangladesh 
(Source: Ravenscroft and McArthur, 2004) 

 

2.2.2 Conceptualization of salinity being of geologic origin 

While many studies considered groundwater salinity to be caused by seawater intrusion, this has 

been challenged by some researchers for the deep coastal aquifer system.  The deep coastal 

aquifer system is argued to be in a state of gross geochemical disequilibrium.  Chemically the 

saline groundwater is similar to modern sea water, but isotopic studies show that the adjacent 

fresh water is thousands of years old; in some cases the saline water is surrounded by fresh 
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water.  The occurrence of saline groundwater in deep aquifer was thus interpreted as the result of 

incomplete flushing of connate water trapped in estuarine sediments during the terminal 

Pleistocene transgression (Ravenscroft, 2003).  A recent study by Rahman et al. (2010) 

suggested that in Satkhira Sadar Upazila, the source of salinity in deep aquifers is most likely to 

be paleo-brackish water which may have been entrapped during past geologic periods.  If the 

interpretation that salinity in deep aquifer is of geologic origin is correct, the implication is that 

there is only a finite volume of inland saline water, concentrated in fine grained sediments 

(which take longer time to flush).  Lateral or vertical migration will be much slower than if the 

salt water were in hydraulic connection with the sea, and a much smaller buffer zone is required 

to protect nearby wells.   

 

2.3 Previous Studies on Groundwater Salinity   

The major groundwater salinity problem lies in the coastal areas of the country. This causes a 

constraint on its use, but there are some localized freshwater sources close to the coast. Upstream 

abstractions of groundwater reduce the ability of freshwater to hold back salinity intrusion, and 

this was reported to be a major concern in the Khulna area and other parts of the southern half of 

the Southwest region (WARPO, 1999a).  The MPO had a proposal to allow for creation of a 

buffer zone in which irrigation development would be limited (Halcrow and Others, 1993).  The 

buffer zone consisted of districts between the known areas of saline water in the south and areas 

of high groundwater abstraction in the north.  An example of a district in the buffer zone is 

Khulna. Inevitably however, because groundwater in many Upazilas in Khulna District was 

conveniently available and fresh, there was significant development already.  The FAP4 Study 

(Halcrow and Others, 1993) had regarded Khulna district as being 100% constrained against 

salinity and had suggested no further abstraction.   

 

Because of very complex regional hydrogeology (Ahmed, 1996), the salinity distributions in 

Khulna, Barisal and Patuakhali regions are not in agreement with the Ghyben- Herzberg theory 

(Shamsuddin, 1986).  Fresh water scarcity in some Upazilas of Bagerhat, Khulna and Satkhira 

districts has already been threatening the survival of the people of those areas.  
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Ravenscroft (2003) reported that in the coastal zone, the main aquifer has a relatively uniform 

distribution of salinity. Where saline water is present, it tends to be concentrated between depths 

of 50 to 150 meters. In the southeast region, chloride tends to increase from about 20 mg/l to a 

maximum of 1,000 mg/l at hundred meters.  Sarker (2005) analyzed groundwater salinity data 

measured by Soil Resources Development Institute (SRDI) in the month of April of two different 

years (1997 and 2000) at 43 stations in the southwest region of Bangladesh and produced 

groundwater salinity maps.  He found an increase in salinity under different ranges in the coastal 

districts of Bagerhat, Khulna and Satkhira.  The analysis also showed a temporal variation of 

groundwater salinity at shallow depths, with salinity concentrations being generally high during 

March-May.  The reasons for this were attributed to a range of factors, including low rainfall in 

the winter period, saline river water intrusion, and accumulation of salts in the surface due to 

evapotranspiration. 

 

Rahman et al. (2012a) investigated groundwater quality for irrigation of deep aquifer in Satkhira 

Sadar Upazila.  A total of 20 wells were samples, 9 wells in the northern part with an average 

depth of 225 m, 7 wells in the central part with an average depth of 249 m, and 4 wells in the 

southern part with an average depth of 192 m.  It was found that the deep groundwater in the 

northern zone of Satkhira Sadar had the highest salinity (EC~ 2080 µS/cm) and chemical 

concentrations.  Salinity and other chemical concentrations showed a decreasing trend towards 

the south, with salinity in the central part of around 1600 µS/cm and that in the southern part of 

around 600 µS/cm.  Low chemical concentrations in the southern region indicated the best 

quality groundwater for irrigation. 

 

Rahman et al. (2012b) studied water quality at different aquifers of Dighalia, Koyra, and 

Paikgassha Upazilla of Khulna.  In Dighalia and Koyra upazilla, average salinity in deep wells 

was found to be 600 mg/l which is within acceptable range for drinking water.  However, salinity 

concentration is on the rise, implying that although deep tubewells are best solution for drinking 

purpose of these two upazilas at present, other alternative options may have to be sought after in 

future.   In Paikgachha upazilla, deep tubewells up to depth of 300 m were found unsuccessful 

option for collecting drinking water.  
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Adhikary et al. (2012) studied shallow groundwater quality from six wards of Khulna City 

Corporation (KCC).  Analysis of 36 groundwater samples showed that salinity varied from 1012 

mg/L to 160 mg/L with an average value of 556 mg/L and 76% of all samples exceeded BDS 

allowable limit for chloride.  The results also showed that salinity was lower in monsoon (May to 

October) season due to heavy rainfall and upstream freshwater flow; however, limited freshwater 

flow from upstream and less rainfall caused significant increase of salinity in dry (November to 

April) period.  

 

BADC (2012) measured electrical conductivity (EC) of groundwater at 10 ft interval over a 

depth of 200 ft at 138 numbers of observation wells in selected Upazilas under Barisal, 

Chittagong, Khulna and Dhaka divisions.  The first three divisions covered the coastal region of 

southwest, southeast, south-central, and eastern hills hydrological regions.  The study produced  

EC maps at different depths, but only for the shallow aquifer up to a depth of 200 ft or 60 meters.      

 

2.4 Impacts of Groundwater Salinity 

2.4.1 Impacts on agricultural use 

Traditionally farmers of the coastal region of Bangladesh cultivate low-yielding (2.0-2.5 t/ha) 

local rice varieties under rainfed conditions in the wet season (Karim, 2006). Some farmers grow 

rice or raise shrimp in the dry season, but much of the most lands remain fallow due to high soil 

salinity and lack of good quality irrigation water. Over 30 per cent of the net available cultivable 

lands of Bangladesh are located in the coastal areas. But it has been observed that all the coastal 

cultivable lands are not being utilized for crop production, mostly due to soil salinity. Increased 

soil salinity limits growth of standing crops and affects overall crop production in the one hand 

and makes the affected soil unsuitable for many potential crops, on the other. Soil salinity has 

been considered as a major constraint to food grain production in coastal areas of the country. 

While groundwater is intensively used for dry season irrigation in many parts of Bangladesh 

(BRRI, 2004; Rashid, 2006), its use is comparatively much less in the case for the coastal zone 

for fear of groundwater depletion and salt-water intrusion in the coastal aquifers (PDO-ICZMP, 

2004).  The irrigation coverage in the coastal zone is only 30% of the net cropped area, 

compared to 50% in the country.  In 1999-2000, there were 76,229 STWs, 2,797 FMTWs (which 

includes DTWs) and 35,303 LLPs in operation in the coastal zone, which are 9.5%, 10.9% and 
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49.3%, respectively of the units in operation nationally.  STWs and DTWs are not at all used in 

the districts of Barguna, Barisal, Bhola, Jhalakhati, Patuakhali and Pirojpur.  In general irrigation 

coverage is low (<15%) in the districts of Bagerhat, Barguna, Jhalakathi, Khulna, Patuakhali and 

Pirojpur.  In coastal districts, more surface water irrigation is used (16%), compared to 11% 

nationally.  

 

2.4.2 Impacts on drinking water use 

The coastal belt extending over 76 Upazilas is identified as problem area where complex 

hydrogeological conditions and adverse water quality make water supply difficult as compared to 

other parts of the country. Lack of safe drinking water has been identified as the number one 

issue in the daily life of the coastal population (Ahmed, 1996; PDO-ICZMP, 2004).  The water 

supply sector has achieved commendable success over the last few decades primarily through 

extensive exploitation of available groundwater resources. But in recent years groundwater based 

rural water supply is suffering from a number of major problems like arsenic concentration, 

water table lowering, salinity and non-availability of suitable aquifer.  

 

During the last 30 years about millions of hand tube-wells were installed to provide pathogen 

free drinking water. About 97% of the population has got access to clean drinking water from 

these wells.  Groundwater is the dominant source of drinking water. In the coastal areas deep-set 

hand pump technique is expanding, particularly in response to the lowering of the groundwater 

table, the arsenic contamination and salinity intrusion. At present there are 112,000 deep-set 

hand pumps and 72,000 STWs with an approximate abstraction of 650 million cubic meters per 

year in the coastal area (PDO-ICZMP, 2004). There are around 180 high capacity production 

wells for urban water supply in the coastal region with an approximate abstraction of 80 million 

cubic meters per year. 

 

However, the deep aquifer is considered to be under high risk of being mined or becoming 

infiltrated with salt or arsenic contaminated water (WARPO, 2002).  High concentration of iron 

and presence of salinity have been detected in some tube wells.  Another constraint in using deep 

tube well in rural communities is its high installation cost. 
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2.5 Salinity Mapping by Geophysical Methods 

2.5.1 Electric resistivity method  

Surface geophysical methods find application in locating and defining subsurface water 

resources. The geophysical surveys minimize the number of necessary exploration wells to be 

sunk for both aquifer tests and control of geophysical interpretation. The most widely used 

geophysical methods in hydrogeology are methods employing artificial electric sources, such as 

in electric resistivity method.  Current is introduced into the ground through a pair of current 

electrodes, and the resulting potential difference is measured between another pair of potential 

electrodes (Figure 2.3).  Apparent resistivity is then calculated as: 

 
I
Va2a

∆
π=ρ     (2.1) [Wenner arrangement] 

 ( ) ( )
I
V

b
2/b2/L 22

a
∆−

π=ρ   (2.2) [Schlumber configuration] 

where ‘V’ is the measured Potential difference (in Volts), and ‘I’ is the current introduced (in 

Amperes). For Wenner arrangement (as in Equation 2.1, where spacing is equal in between 

electrodes), ‘a’ is the electric spacing, while for Schlumber configuration (as in Equation 2.2, 

where spacing is not the same), L is the distance between the current electrodes and b is the 

distance between the potential electrodes.   

 

 The measured potential difference is a weighted value over a subsurface region controlled by the 

shape of the region, and yields an apparent resistivity over an unspecified depth. Changing the 

spacing of electrodes changes the depth of penetration of the current. So it is possible to obtain 

field curve of apparent resistivity with depth, the method being called Vertical Electrical 

Sounding (VES).  Profiling or lateral traversing is possible by keeping electrode separation 

constant for several values (say a=10 m, 15 m, 20 m, etc.) and moving the center of electrode 

spacing from one station to another (grid points). 
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Figure 2.3: Electrical circuit for subsurface resistivity determination and electrical field 

 

Electrical resistivity methods have been applied extensively in the past for hydrological research 

in coastal areas (e.g. Van Dam, 1976; Boekelman, 1991).  Mapping the resistivity distribution, 

both laterally and with depth, enables hydrogeologists to (1) develop a reliable hydrogeological 

schematization of the subsoil, (2) delineate geological structures that influence groundwater flow 

patterns and (3) track spatial variations in groundwater quality. The surface electric resistivity 

method is a tool uniquely suited to ground water exploration in the coastal zone and its capability 

to detect changes in pore-water conductivity makes it highly responsive to the fresh-water / salt-

water interface to be found in coastal regions (Urish and Frohlich, 1990; Gondwe, 1991). The 

resistivity method is fast, cheap and provides adequate depth penetration and qualitative results 

(Zakharov, 1982). The applicability of resistivity methods, for dealing with hydrogeological 

problems is based on the marked contrast in electrical conductivities between sandy-gravely 

permeable beds and clayey-silty impermeable sediments.  Classically, mapping of the subsoil 

resistivity by geo-electrical methods was achieved by performing point (1D) measurements 

(Vertical Electrical Sounding, VES) or by measuring the lateral variation of some depth-

averaged resistivity (profiling).  Recent developments in the field of geo-electrical research and 

new measurement techniques have enabled hydrogeologists to determine the subsurface 

resistivity in much more detail. The advent of modern equipment and advanced interpretation 

algorithms has made it possible to map the resistivity distribution in 2D or 3D (Loke, 2000).  
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2.5.2 The resistivity log 

The resistivity logging is a subsurface borehole geophysical procedure to collect and transmit 

specific information about the geologic formations penetrated by a well by raising and lowering 

a set of probes or sondes that contain water-tight instruments in the well measures the ability of a 

formation to conduct electricity.  The resistivity log records the apparent formation resistivity, in 

terms of potential differences, as one or more electrodes traverse the bore hole.   

 

The normal resistivity devices produce the apparent resistivity of the formation in ohm-m. 

Apparent resistivity is a combination of the true resistivity and the drilling fluid resistivity.  

Multi-electrode method is most commonly employed (minimizes the effects of drilling fluid and 

well diameter (Figure 2.4). Spacing between the electrodes, and their arrangement, determine the 

radius of investigation. Short- normal arrangement (i.e. spacing between A and M in Figure 2.4 

equal to 41 cm or 16 inch) records apparent resistivity of the mud-invaded zone, which is useful 

for locating boundaries of formations.  Long-normal arrangement (spacing equal to 163 cm or 64 

inch) records apparent resistivity beyond the invaded zone, which is useful for obtaining 

information on fluids in thick permeable formations (Kevi, 1988).  It has a greater lateral 

investigation depth, so it is influenced by native formation waters to a much greater extent and 

therefore produces apparent resistivity closer to true resistivity (Repsold, 1989).  Lateral 

arrangement records actual formation resistivity beyond the mud-invaded zone. 
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2.5.3 Spontaneous potential (SP) log 

SP is not an intrinsic rock parameter, rather it results from the interaction between drilling fluid 

and formation water salinities, temperature and local lithology (Repsold 1989). Figure 2 shows 

the current produced at a sand – shale interface and the resulting SP curve. SP logs can be used 

to determine lithology, bed thickness and formation water salinity. 

 

The SP log measures the difference in electrochemical potential between a moving borehole 

electrode and a fixed surface reference electrode, as a function of depth (Repsold 1989).  

Potentials are primarily produced by electrochemical cells formed by the electric conductivity 

differences of drilling mud and groundwater where boundaries of permeable zones intersect a 

borehole (Wyllie 1963).  Deflections of the SP curve occur due to the development of a liquid 

junction potential, i.e. potential difference across the junction from mud filtrate to formation 

water.  Shale layers are only permeable to cations, as a result of their layered and charged 

structure, while anions move through sandstone layers, creating a circulating electrical current 

(Wyllie 1963).  The potential read for shales normally varies very little with depth. SP is 

measured relative to this base line zero called the shale line. If water in permeable bed is more 

saline than drilling mud, SP is generally more –ve in the permeable bed than in the adjacent clay 

& vice versa.   

 

SP logging is useful in determining water quality.  The right hand boundary generally indicates 

impermeable beds (e.g. clay, shale, and bedrock).  Left-hand boundary indicates sand and other 

permeable layers.  Figure 2.5 shows the current produced at a sand–shale interface and the 

resulting SP curve. SP logs can be used to determine lithology, bed thickness and formation 

water salinity. 
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Figure 2.5: SP curve (left) due to a current produced at a sand–shale interface (right) 
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Chapter 3 

STUDY AREA 
 

 

3.1 Introduction  

Different parts of the southwest coastal region are affected by different degrees of salinity.  

Different study reports (e.g. EGIS, 2001; PDO-ICZMP, 2004) reported salinity problems in the 

districts of Bagerhat, Khulna, Satkhira, Gopalganj, Madaripur and lower part of Jessore of the 

southwest region.  Khulna and Satkhira were selected as the study area since these two districts 

are widely recognized as areas affected by the most severe groundwater salinity problem.  This 

chapter thus contains an overview of the study area covering these two districts.  It provides the 

general descriptions of different important parameters like geographical location, demographic 

features, land type, major river system, climatic condition, and most importantly the problems 

associated with irrigation and drinking water use.   

 
 
3.2 Location 
 
A location map of the study area is shown in Figure 3.1. The two districts, Khulna and Sathkhira 

are located in the extreme southwestern part of the southwest coastal zone of Bangladesh.  The 

two districts cover a total area of 8253 sq. km, bounded by Indian border to the west and the Bay 

of Bengal to the south.   The mangrove forests of the Sundarbans occupy the southern part of the 

study area.  Khulna and Satkhira comprise part of the the Ganges tidal plain, which is mostly 

moribund delta and is criss-crossed by numerous channels and creeks.  The Sundarbans is a 

reserve forest and considered as a UNESCO world heritage site.  It covers an area of over 0.6 

million ha in the districts of Khulna, Bagerhat and southern part of Sathkhira.  Because of 

presence of mangrove forest, the zone is relatively stable in terms of soil erosion. Khulna has 10 

Upazilas, namely Khulna Metro, Dumuria, Dighalia, Tarakanda, Rupsha, Phultala, Batiaghata, 

Paikgacha, Koyra and Dacope.  Satkhira has 7 Upazilas, namely Satkhira Sadar, Assasuni, 

Debhata, Kalaroa, Kaliganj, Shyamnagar and Tala.  
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Figure 3.1: Location map of the study area 

 

3.3 Climate 
 
The area is characterized by monsoonal climate where the mean annual rainfall is about 1800 

mm. About 80 % of the rainfall occurs in the monsoon months with almost no rainfall during the 
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winter times. The mean annual rainfall is about 2000 mm of which about 70% occur during the 

monsoon season.  Most of the rainfall occurs in the study area from the third decad of May to 

mid December.  

 

The evaporation rate of the area is about 900 mm to 1500 mm on annual basis. Sarkar (2005) 

found from the decadal analyses of evaporation data that the evaporation rate exceeds the rainfall 

from November to May. The relative humidity of the area is high varying from 70% in March to 

89% in July. The mean annual temperature varies between 19oC and 30oC. The lowest minimum 

temperature in winter does not fall below 100C. The study area experiences a moderate to high 

duration sunshine hours, ranging from a mean annual 5.20 hours to a maximum 7.0 hours. 

General sunshine hours of the study area in monsoon (June-September) are much lower than the 

rest of the period (October-May) of the year. 

 

3.4 Topography 
 
Bangladesh has three distinct coastal regions, namely the western, central and eastern regions. 

The study area stands in the western zone and this zone is very flat and low and is crises-crossed 

by numerous rivers and channels.  The area has the capacity to stand against cyclone disaster due 

to the Sundarbans. But the other parts of the coastal area have no significant protective barrier to 

dissipate the cyclone energy.   As can be seen in Figure 3.2, the elevation of land is around 3.5 m 

at 2.5 km from the sea shore where it is around 6.5 m at 100km inland from the sea shore in 

western and central regions of the country. Moreover there are many low lands, flood plains, 

rivers and channels within this 100km range. The elevation of those areas varies from 3.5 to 5.5 

m.  
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Figure 3.2: Digital Elevation Model (DEM) of coastal zone 

 
3.5 Land Use  
 
Land use in Bangladesh is generally determined by physiography, climate and land levels 

(Brammer, 2002). Together costal zones constitute a highly complex environment characterized 

by five main land types related to the depth of seasonal flooding. These coastal lands are suitable 

for more than one use. Hence, the many diverse uses of limited land have created conflict.  Land 

use in the coastal zone is diverse, competitive and often conflicting (Alam et al., 2002; Islam, 

2006a). Many studies have highlighted these conflicts, especially between shrimp farming and 

other uses (Nuruzzaman, 1979; Karim and Stellwagen, 1998).  

 

In Khulna and Satkhira, farms largely alternate between shrimp and rice production. The average 

farm size of 93 percent of all shrimp farms inside polders is less than ten hectares. In the whole 

coastal zone, 52 906 brackish water shrimp farms, with a total area of 1 72 833 hectares, have 

been established (DoF, 2005). Most shrimp farms depend on tidal saline water from adjacent 

rivers and canals and are thus dependent on the tides for water supply. The shrimp is now being 

cultivated in almost all thanas of the study zone where sweet water is available; it is intensively 
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concentrated in the thanas of Dumuria, Phultala and Terokhada of Khulna District. Brackish-

water shrimp cultivation, on a commercial scale, has brought large-scale environmental 

degradation. Shrimp polders retain saline water for months at a time, and the salinity seeps on to 

adjacent farms and spreads soil salinity.  

 

CEGIS (2006) derived land-use/land-cover maps of the study area (along with Bagerhat district, 

but excluding the Sundarbans) from satellite images of 1992, 2001 and 2005).  Table 3.1 shows 

Upazila wise boro rice areas derived from satellite images of 1992 and 2001. There was 45,330 

hectares of boro rice area in 1992. It was commonly practiced in Satkhira Sadar and Kalaroa 

Upazila. After 1992 the Boro rice areas increased to about 65,800 hectares. A big amount of 

fallow land was converted to boro rice areas. It increased in Terokhada, Dumuria, and Tala 

Upazilas.  Analysis of LANDSAT TM and ETM images by CEGIS (2006) showed that about 

5% of the total area excluding rivers and the Sundarbans was under Pulses. Pulses are cultivated 

relatively more in Tala, Kalaroa and Shyamnagar Upazila. On the other hand, very little practice 

of pulses was found in Dacope, Debhata, Paikgacha, Koyra and Terokhada Upazila. Besides, 

about 6% of the total area excluding rivers and the Sundarbans was under other winter crops. 

About 14% of other winter crops (Til, mastard oil etc), was found in Tala Upazila.  Aman crop is 

quite dominant in Dacope, Paikgacha and Dumuria. Some farmers take up Aman cultivation in 

the southern part of the study area after harvesting Bagda. In the northern part, Aman is 

cultivated relatively less, especially in Kalaroa and Rupsa. 

 

Table 3.1: Thana wise boro cultivation area in hectares in different years (Source: CEGIS, 2006) 

Thana name 1992 2001 Thana name 1992 2001 
Phultala 1,249 1,304 Paikgachha 87 303 
Dighalia 172 1,882 Assasuni 3,261 3,618 
Terokhada 986 5,390 Debhata 3,201 1,993 
Kalaroa 8,753 10,305 Dacope 68 31 
Dumuria 2,685 8,764 Kaliganj 2,238 2,465 
Rupsa 88 2,657 Koyra 84 50 
Tala 5,430 9,942 Shyamnagar 545 263 
Satkhira Sadar 16,384 16,155    
Batiaghata 100 684 Total 45,331 65,806 
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3.6 River Systems 
 
The rivers give rise to an overall dendritic pattern and control the hydrological regime of the 

study area. A huge network of river system comprises the study area which flows south towards 

the Bay of Bengal. The major river system, include Icchhamati-Jamuna system, Betna-Kobadak 

system, Rupsha-Pashur system and Modhumoti –Baleswar system. (CEGIS,2006). All of the 

river systems are tidal in nature and the waters are sometimes saline. A figure. 3.4 shows the 

river systems of the studied area. The estuaries and tidal river systems of the coastal zone have 

been formed by long period deltaic accretion which was dominated by the historical 

morphological changes of the Ganges and Brahmaputra rivers. Salinity intrusion can increase 

either due to a decrease of fresh water flow in the Lower Meghna River during the dry season, or 

due to further penetration of tide into the river system. Intrusion may be aggravated by upstream 

withdrawal of water and the reducing size of floodplains, or by climate change impacts like a 

decrease in dry season rainfall 
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Figure 3.3: River system of the study area 
 
 
 
 
3.7 Geology of Study Area 
 
The geology of the coastal area is part of the overall Quaternary geology of the Bengal Basin 

(Bakr, 1976; Morgan and Mcintire, 1959). Sediments from early Ganges-Brahmaputra-Meghna 

river systems were deposited over the northern and eastern parts of the basin during Pleistocene 

period. Tectonic movements and sea level changes between Pleistocene and recent periods have 

allowed deep erosion and deposition on the Pleistocene surface. Fluvial environment of 
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sedimentation in the southern downward area of Bengal Basin formed overlapping deltaic arcs of 

Ganges-Brahmaputra-Meghna river systems in recent times. 

 
 
3.7.1 Lithology 
 
The coastal belt of Khulna-Satkhira is within Ganges delta. Floodplain sediments in Satkhira 

coastal belt, according to borehole information drilled in the area up to a depth of 300 m, are 

mainly composed of medium and fine sands, clay, silty clay and sandy clay units. A continuous 

clay-silty clay layer of varying thickness from few centimeter to 50 m occurs at the top. This top 

clay layer is underlain by medium to fine sand, fine to medium sand and medium to coarse sand  

alternations and is followed by a clay, silty-sandy clay layer occurring at different depths ranging 

from 75 to 270 m. The lower boundary of this regionally extending clay layer has not been 

penetrated by boreholes. The geometry of individual sedimentary units is inevitably complex and 

there is a general lack of horizontal continuity on a scale. Also, there is an upward fining of the 

sequence, while the degree of sorting decreases with depth.  The recent alluvium sediments are 

mostly correlated with the coastal region lithology. The three uppermost units, each of which is 

important hydrogeologically are as follows (Halcrow and Others, 1993): 

 

a) An upper, surface layer, of mainly clay and silt, which in parts of Barisal, Khulna and 

Faridpur contains peat layers. 

b) An intermediate layer of mainly fine sand and clay referred to as the composite aquifer; 

and 

c) A deeper layer, containing mainly fine to coarse sand and known as the main aquifer, 

which is separated from the composite aquifer sequence by a clay layer. 

 

It addition that the upper clay layer in the southeast and south central areas is comparatively 

thick, and this is particularly true in southern Barisal district where it may be up to 150m thick. 

In such areas the composite and deep aquifer sequences are probably found in the 150-300m 

depth range. 
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3.8 Aquifer system 
 
In the MPO study (MPO, 1987), regional aquifers were delineated as unconfined, locally semi-

confined and multiple, as semi-confined to unconfined and locally multiple in the young 

Gangetic floodplain, and as confined and multiple in coastal plain, including plains with 

mangrove forest.  This coastal groundwater system is very complex in terms of hydrogeology. High 

degree of heterogeneity makes it difficult to delineate the whole system into successive aquifers and 

aquitards in a regional scale. However, at finer scale (e.g. unions) it may be possible to delineate 

different aquifer layers at some places.  Locally, there is an upper clay-silt layer of high porosity but 

this low permeability layer is underlain by a composite aquifer, with a moderate permeability, 

allowing exploitation of water by HTWs and manually operated shallow tube well for irrigation.  

Main aquifer of high porosity and moderate to high permeability at depth between 50 – 150 m, 

beneath the composite aquifer, provides large quantities of water to DTWs and STWs/DSSTWs.  

A deeper aquifer system, in general exists at depths greater than 150-200 m below ground level 

exists.   

 

Recent studies showed that at the regional scale, it is rather very difficult to clearly differentiate 

between the upper composite aquifer and the main aquifer. The study by Woobaidullah et al. 

(1996) observed that the topmost zone in the coastal belt of Khulna-Satkhira is a pre-dominantly 

clay layer with varying thickness.  This clay layer is followed by a complex mixture of medium 

and fine sands, silts and clay and can be considered as one complex ‘semi-confined’ aquifer.  

Akter (2012) performed detailed lithologic analysis of the southern part of the coastal zone, 

including Satkhira, Khulna and Begerhat districts, and found that there is wide variation in the 

sequence of layers over relatively short distances. The topmost zone of clay layer is followed by 

a complex mixture of medium and fine sands, silts and clay. There are sand lenses at multiple 

levels interbedded with silts and clays; but over larger areas, there is sufficient overlapping and 

intersection of sand lenses to consider this as one complex hydraulic unit. The differentiation 

between the upper ‘composite’ aquifer and the ‘main’ aquifer may be practicable only in 

localized areas, while at larger scales, these hydraulically connected aquifers can be considered 

as one complex aquifer.  Similar observations were also made by Islam (2012), who analyzed the 

aquifer systems of the northern part of the greater southwestern coastal zone.   
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3.9 Major Uses of Aquifer in Study Area 

3.9.1 Agricultural use 

As discussed before, agricultural land use in the coastal area in general, and in Satkhira and 

Khulna, in particular, is severely constrained by soil, surface water and groundwater salinity; the 

result is a much lower cropping intensity in the study area compared to the country’s average 

cropping intensity (PDO-ICZMP, 2004). Salinity causes unfavorable environment and 

hydrological situation that restrict the normal crop production throughout the year. The factors 

which contribute significantly to the development of saline soil are, tidal flooding during wet 

season (June-October), direct inundation by saline water, and upward or lateral movement of 

saline ground water during dry season (November-May). 

 
According to previous study, there is a distinct unsuitable belt for the Boro crop in the southern 

part of the study area which covers Sarankhola, Mongla, Dacope, Koyra and Shyamnagor 

upazila and major parts of Rampal, Batiaghata, Paikgacha, and Assasuni upazilas. In these areas, 

both groundwater and surface water is too saline to be used for irrigation. In the dry season when 

Boro cultivation takes place, the surface water salinity in the whole study area, except for some 

small areas in the far northeast corner, is so high that the water becomes unusable for irrigation. 

The most suitable area for Boro cultivation is in Kalaroa, Satkhira Sadar and Tala upazilas, as 

they have a available groundwater supply and favorable soil texture. The salinity on northeast 

part is less but the lower land types (F3 & F4) bring the suitability rating down. On the eastern 

fringe there is a strip of Boro suitable area due to the fresh water availability from Baleshwar 

River.  

 

Shallow tube-well has been the dominant mode of irrigation in the study area (Akter, 2012). 

Irrigation development has mostly taken place in Satkhira district (Figure 3.4).  Irrigation has 

progressively developed in the two districts, with a clearly increasing trend.  In Satkhira district, 

most of the irrigation has been developed in Sadar and Tala Upazilas with moderate development 

in Kalaroa and Kaligang Upazilas (Figure 3.5).  There has been very little irrigation development 

in Shyamnagar Upazila in Satkhira district.  In Khulna district, irrigation development has been 

maximum  in Dumuria Upazila. 
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Figure 3.4: Irrigation development in Satkhira and Khulna districts by shallow tube-wells and 
deep tube-wells (Source of data: BADC and FAP4 study; updated from Akter, 2012) 
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Figure 3.5: Irrigation development by shallow tube-wells in different Upazilas of Satkhira 
district (Source of data: BADC and FAP4 study; updated from Akter, 2012) 
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Figure 3.6: Irrigation development by shallow tube-wells in different Upazilas of Khulna district 
(Source of data: BADC and FAP4 study; updated from Akter, 2012) 
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Chapter 4 

METHODOLOGY 
 

 

4.1 Introduction  

The study was conducted mainly based on secondary data and information.  Secondary data 

included borehole geophysical data (electrical resistivity logging) from Department of Public 

Health and Engineering (DPHE), electrical conductivity (EC) and other parameter (e.g. total 

dissolved solids, HCO3- and temperature) measurements by Bangladesh Atomic Energy 

Commission (BAEC) and EC measurements by Bangladesh Agricultural Development 

Corporation (BADC) and by Bangladesh Water Development Board. 

 

Resistivity data were interpreted for groundwater salinity (in terms of electrical conductivity).  

The interpreted data were compared with other measurements at the same/ or nearest location for 

verification.  The resistivity interpreted logging data together with other measurements 

considered reliable were used to map groundwater salinity across the study area for different 

depths.  A large number of lithological logs available in the study area were analyzed and treated 

in two-dimensional environment to produce stratigraphic units and determine vertical 

distributions of subsurface formations. These data together with salinity maps were used to 

identify suitable aquifer areas with acceptable limits of salinity for agricultural (i.e. irrigation 

water use for paddy) and drinking water uses. 

   

4.2 Data Collection 

4.2.1 Electrical resistivity  

The resistivity data, collected as part of the recent project of DPHE on Development of Deep 

Aquifer database (DPHE, 2006), covers a depth of 330 meters at 29 locations in Satkhira and 13 

locations in Khulna.  These were the major data used in salinity mapping.  The locations of the 

resistivity logging data are shown in Figure 4.1.   The electrical resistivity data include records 

for two electrode arrangements: short normal and long normal.  The short- normal arrangement 

measures apparent resistivity of the mud invaded zone and is a function of formation resistivity 

and drilling fluid resistivity, while long normal arrangement measures resistivity beyond the 
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mud-invaded zone and hence is more influenced by true formation water, implying that apparent 

resistivity recorded is closer to true resistivity of the formation.  Hence, long-normal 

arrangement was considered for interpreting groundwater salinity from resistivity logs.  A 

sample resistivity log data is presented in Figure 4.2.  The data include both resistivity and SP 

logs.  SP is one of the oldest types of logs, and is still a standard curve included in the left track 

of most electric logs 

 

 
Figure 4.1: Location of DPHE wells used for resistivity logging 
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Figure 4.2: Sample resistivity log data  

 

 

4.2.2 Direct measurements of salinity  

The salinity data collected by BAEC were particularly useful in interpreting the geophysical 

data, since the BAEC data covers both shallow and deeper depths at 23 locations in Satkhira and 

12 locations in Khulna.  However, only one data is available at one particular depth at each 

location, rather than continuous profiling over the depth (unlike resistivity logging).   The BAEC 

data locations are shown in Figure 4.3, and the data are presented in Table 4.1.   

 

The data collected by BADC as a part of a recent project (BADC, 2012) covers shallow depths 

up to 60 m at 7 locations in Satkhira and 11 locations in Khulna, and were useful for comparing 

with salinity data for shallow depths only.  The BADC data locations are shown in Figure 4.4, 

and an example salinity map at a shallow depth is shown in Figure 4.5.  Electrical conductivity 

was measured in every 10 ft interval both in dry and wet seasons.  
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In addition, BWDB recently measured salinity at 6 locations in Satkhira and 6 locations in 

Khulna.  For this data set also, only one data is available at one particular depth at each location, 

rather than continuous profiling over the depth (unlike resistivity logging).  Nevertheless, the 

data were found extremely useful in verifying the resistivity interpreted salinity data.  The 

BWDB data locations are shown in Figure 4.6, and the data are presented in Table 4.2.   

 

 
Figure 4.3: Location of BAEC wells used for resistivity logging 
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Table 4.1:  Electrical conductivity data measured by BAEC in Satkhira and Khulna districts 

Location Depth (m) EC (µS/cm) Location Depth (m) EC (µS/cm) 
Sathkhira Sadar 37 544 Assasuni 21 3536 
Kaliganj 9 3370 Assasuni 46 2030 
Shymnagar 61 1797 Assasuni 18 2616 
Shymnagar 64 2780 Assasuni 41 2670 
Shymnagar 18 13010 Assasuni 40 2500 
Shymnagar 72 5230 Assasuni 49 2340 
Sathkhira Sadar 18 2286 Assasuni 49 2610 
Sathkhira Sadar 37 852 Assasuni 76 5680 
Paikgacha 37 490 Koyra 52 3140 
Paikgacha 24 4350 Rupsha 21 2280 
Paikgacha 52 2160 Batiaghata 30 4100 
Paikgacha 34 3400 Dacope 37 5910 
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Figure 4.4: Location of BADC wells used for salinity measurement 
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Figure 4.5: Salinity map at 110 ft based on BADC measurements (Source: BADC, 2012) 

 

Salinity Range (µS/cm) 
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Figure 4.6: Location of BWDB wells used for resistivity logging 

 

Table 4.2:  Electrical conductivity data measured by BWDB in Satkhira and Khulna districts 

Location Depth (m) EC (µS/cm) Location Depth (m) EC (µS/cm) 
Rupsa  80  793  Koyra  90  5400 

Batiaghata  82  2030  Batiaghata  55  1864 
Kaliganj  75  1336  Terokhada  80  761 
Kaliganj  152  1899  Shymnagar  70  3700 
Assasuni  75  1254  Debhata  95  1336 
Dighalia  85  1458  Satkhira Sadar  259  565 
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4.2.3 Lithological logs 

The geophysical logs also contain lithological data, which is important for interpretation of 

geophysical logs.  Moreover, there are more than 300 lithologic logs available for Satkhira and 

Khulna districts under the same project of DPHE (DPHE, 2006).  Locations of these lithologs are 

shown in Figure 4.7. The lithological logs were analyzed and treated in two dimensional 

environment using software Rockworks 2004 (Rockware, 2004). Stratigraphic units were defined 

based on the lithologic logs, and vertical distributions of subsurface formations were determined.   

 

 
Figure 4.7: Location of DPHE lithologs 
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4.3 Interpretation of Resistivity Logging Data 

As discussed in section 2.5.2, groundwater salinity can be inferred from long-normal records of 

resistivity from a calculated value of formation water resistivity (from formation resistivity) 

either by using a standard chart or by means of a predetermined empirical relationship 

established from laboratory studies of groundwater samples from the area in question (Kevi, 

1988).  The resistivity log, formation factor (F) and local thermal gradient are required to 

estimate total dissolved solids TDS in mg/L or EC in uS/cm. This method produces a continuous 

log of salinity with depth.  The steps followed in the study are summarized below. 

 

Calculation of formation water resistivity from formation resistivity  

As already discussed in chapter two, the resistivity responses are governed by water quality of 

the formations and the same formation shows different resistivity responses depending on the 

pore water mineralization in the formation. The influence of lithological changes on resistivity 

log is less compared to the influence from pore water mineralization changes.  The true 

formation resistivity, Rt, obtained from the long normal resistivity log is converted to formation 

water, Rw, using the formation factor, F.  

 m
1F
θ

=   (4.1) 

 wt FRR =   (4.2) 

Equation 4.1 derived by Archie (1942) was generalized for sandy aquifer as: 

 2
1F
θ

=   (4.3) 

Other forms of the same equation were given by Barker and Worthington (1973) (Equation 4.4) 

and Kevi (1988) (Equation 4.5). 

 47.1
05.1F

θ
=   (4.4) 

 15.2
62.0F

θ
=   (4.5) 

Equations (4.3)-(4.5) do not produce significantly different estimates of F and hence Rw.  In the 

present study equation (4.4) was used to calculate the formation factor.  As there were no 

estimates of porosity of different sediment layers encountered in the borelogs during resistivity 
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logging, some reasonable values of different types of sediments were assigned (clay: 0.45; very 

fine sand: 0.44; fine to very fine sand: 0.43; fine sand: 0.41; fine to medium sand: 0.39; medium 

sand: 0.38; medium to coarse sand: 0.35; and coarse sand: 0.33) from range of values as reported 

in standard text books (e.g. Todd, 1959).  Formation water resistivity was then calculated using 

equation (4.2).   

 

Temperature correction for Rw 

Resistivity is affected by temperature.  As temperature increases, conductivity increases and 

resistivity decreases.  Rw was standardized to 20 °C via an empirical formula as in equation (4.6), 

given by Kevi (1988).  

 ( )( )20T022.01RR w20w −+=   (4.6) 

The resistivity records of DPHE were not associated with any temperature data at different 

depths.  Temperature data were estimated for different depths from temperature-depth profiles 

studied by Majumder et al. (2013) as well as temperature measurements made by BAEC during 

their direct measurement of electrical conductivity in wells at different depths.  Majumder et al. 

(2013) measured temperatures in a number of shallow and deep tube-wells in the northwest, 

southwest and south-central zones of Bangladesh and also modeled temperature-depth profiles.  

A representative temperature gradient (0.0080C/m) was selected for the study area in Satkhira 

and Khulna districts based on the findings of the study for the coastal area, which was also 

corroborated with the temperature measurements of BAEC. 

 

Estimation of EC from empirical relationship 

A number of studies estimated salinity based upon empirical relationship between formation 

water resistivity and measured salinity.  For example, Guyod (1966) gave the following relation: 

 15.2
wR
4000C
θ

=      (4.7) 

where C is the salinity of interstitial formation water, expressed in ppm. Jones and Buford (1951) 

and Turcan (1966) established empirical relationships between resistivity and ionic 

concentrations of formation waters occurring in specific groundwater environments.  Kevi 

(1988) obtained the following relationship between standardized formation water resistivity and 

TDS:  
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 066.1
20wR

7000TDS =     (4.8) 

 

The resistivity records of DPHE were not associated with direct measurements of salinity.  

However, there are a number of measurement points of BWDB and BAEC, locations of which 

match very closely with the locations of some resistivity logs.  These data points were thus 

considered for deriving an empirical relationship between EC and RW20.  Upon verification of the 

relationship of the relationship with a set of DPHE, BWDB and BADC data, the empirical 

relationship was subsequently used to convert resistivity data to EC data of all DPHE resistivity 

logs.  EC maps based on resistivity interpreted EC data and other reliable, measured data of 

BWDB, BAEC and BADC were then produced for different depths across the study area.  
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Chapter 5 

RESULTS AND DISCUSSION 
 
 
 
5.1 Introduction 
 
This chapter presents the findings of the study in line with the objectives set for the study, i.e. 

mapping salinity distribution at different depths in the study area, and identifying layers with 

acceptable limits of salinity for agricultural and drinking water uses. A detailed lithologic 

analysis is presented which shows the presence of aquifers at different depths at different parts of 

the study area.  Salinity maps presented for different depths based on resistivity log interpreted 

data together with reliable groundwater salinity measurements done by different institutions.  

Information on aquifer layers together with the levels of groundwater salinity helped identify 

aquifers with acceptable limits of salinity for different uses. 

 

5.2 Lithologic analysis 

As discussed in Chapter 4, lithologic analysis was conducted using 276 borelog data in Satkhira 

and Khulna districts (locations are shown in Figure 4.7).  A number of lithogic sections in the 

north-south (N-S) and west-east (W-E) directions, as shown in Figure 5.1, are presented in 

Figures 5.2 and 5.3, respectively.   As can be seen in Figures 5.2 and 5.3, the upper layer of the 

study area is predominantly clay layer with thickness varying from 0-70 m.  Clay is missing in 

the upper layer in some places, including including Kalaroa, some places of Assasuni, 

Shymnagar and Kaliganj upazilas of Satkhira and some places of Terokhada, Rupsa and Khulna 

metro upazilas.  This upper clay layer is followed by a complex mixture of course, medium, fine 

sands and very fine sands, silts and clay.  This shallow aquifer is made up of sand lenses at 

multiple levels inter bedded with silts and clays, but over large areas there is sufficient 

overlapping and intersection of sand lenses to consider this as one complex hydraulic unit.  

Regionally, it is rather very difficult to construct stratigraphic units, and hence clearly delineate 

different aquifer layers.  The shallow composite aquifer and the main aquifer, unlike in other 

non-coastal areas in the north, can be considered as a hydraulically connected composite aquifer 

of a substantial thickness, ranging from 100-150 meters.  The deeper layer is separated, albeit 

discontinuously, from the upper composite aquifer.  However, at smaller scale, like what are 
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shown in the lithologic sections as in Figure 5.4 and 5.5 for different upazilas of Satkhira and 

Khulna districts, descriptions can be provided in a little more details. 

  

 
 

Figure 5.1: Lithologic sections in the N-S and W-E directions 
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Figure 5.2: Lithologic sections in the N-S direction 
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Figure 5.2: Continued. 
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Figure 5.3: Lithologic sections in the W-E direction 
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Figure 5.3: Continued. 

 

 

5.2.1 Lithology in Satkhira district 

Detailed descriptions of the aquifer formations in different Upazilas of Satkhira district are 

presented in Table 5.1.  The lithologic analyses for the Upazilas are presented in Figure 5.4.  

Evidently, there are considerable differences in the aquifer formations, with individual layers 

following no specific pattern.  Good and productive aquifers with considerable thickness and 

areal continuity are present particularly in Tala, Assasuni and Kalaroa, to some extent Satkhira 
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Sadar.  Productive aquifers are available in patches in Debhata, with continuous layering of 

formations.  Aquifer conditions are however poor in Kaliganj and Syamnagar.   

 

Table 5.1: Description of aquifers in different Upazilas of Satkhira district 

Upazila Aquifer description 
Assasuni A relatively thick (~70 m) upper shallow aquifer between depths 40-110 m and a 

main aquifer of about 100 m thickness between depths 120-220 m, separated 
from the upper aquifer by a thin clay aquitard; deeper aquifer exists at depths 
greater than 230 m.   

Debhata Highly discontinuous aquifer layers, with no clear boundaries; a mixture of very 
fine sand fine and medium to coarse sand dominates in the upper layer (at depths 
40-80 m), medium to fine sand and medium to coarse sand dominate in the 
deeper layer (depths 150-220 m).  

Kalaroa A thick (~130-150 m) composite aquifer overlain by thin surficial clay layer. 
Deeper aquifer is present in the northern part and not much in the southern part  

Kaliganj Composite aquifer of fine to very fine sand 
Sadar Very thick composite aquifer with variable thickness (~130 m) at depths 20-150 

m, overlain by relatively thin (15-30 m) surficial clay layer; discontinuous 
deeper aquifer with thickness ~60-70 m  

Shyamnagar In most places composite aquifer is dominated by very fine sand with thickness 
~50 m at variable depths of 5-50 m.  The deeper aquifer is of ~40-60 m thickness 
with discontinuity present at depths 180-240 m, separated from the upper aquifer 
by very thick (100-150 m) clay layer   

Tala Good composite aquifer with thickness ~80 m overlain by upper clay layer of 
15-40 m thickness; good deeper aquifer of about 100-120 m thickness separated 
from upper aquifer by clay with variable thickness.  

 

 

Figure 5.4: Lithologic sections in different Upazilas of Satkhira district 
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Figure 5.4: Continued.  
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  Figure 5.4: Continued.  
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5.2.2 Lithology in Khulna district 

Detailed descriptions of the aquifer formations in different Upazilas of Khulna district are 

presented in Table 5.2.  The lithologic analyses for the Upazilas are presented in Figure 5.5.  

Evidently, as with the formations in Satkhira district, there are considerable differences in the 

aquifer formations, with individual layers following no specific pattern.  In general, the aquifers 

in Khulna district are not as good as those in Satkhira, with very fine sands and fine to very fine 

sands occupying major thickness of the aquifers. Among different Upazilas, aquifers in 

Paikgacha, Rupsha, Phultala and Terokhada are regionally more continuous than the others.  The 

delineation of aquifers in Dighalia and Dumuria has been a little poor compared to the others 

because of lack of sufficient lithologic sections in those upazilas. 

 

Table 5.2: Description of aquifers in different Upazilas of Khulna district 

Upazila Aquifer description 
Metro A relatively thick (~60 m) upper shallow aquifer between depths 15-75 m overlain by 

a continuous clay layer of 10-15 m thickness; main aquifer of variable thickness (20-
70 m) exists at variable depths; deeper aquifer exists at at a relatively greater depth 
(200 m), characterized by thin layers.   

Koyra Aquifer is comparatively poor, with permeable layers of thickness ~80 m extending 
over shorter distances and highly discontinuous in the upper layer.  The deeper 
aquifer is in a poor state, with not much permeable strata present except the western 
part of the upazila.  

Paikgacha A thick composite (shallow + main) aquifer (not separated by aquitard anywhere), 
with thickness ~130 m, at depths 0-40 m, predominantly fine to very fine sand in the 
upper 60 m; deeper aquifer at depth below 200 m and thickness ~50-60 m, which is 
made discontinuous because of presence of clay. 

Phultola Good shallow aquifer with thickness ~70-80 m at depths 15-30 m; main aquifer 
(thickness ~30-40 m at depths 80-110 m) is discontinuous with large gaps by clay; 
deeper aquifer is separated from upper aquifer by a very thick clay layer (~ 150 m 
thickness), and is not continuous 

Rupsha A relatively thick  (~50-70 m) upper clay layer overlies the composite (shallow_ 
main) aquifer, which is reasonably well extended throughout the area with thickness 
~ 100-130 m; deeper aquifer appears at depths below 220-240 m with thickness 
varying from 40-60 m.  

Terokhada A thick composite (shallow + main) aquifer, with few clay lenses, with thickness 
mostly ~150 m, at depths 0-30 m, predominantly very fine sand and fine to very fine 
sand in the upper part and fine to medium sand in the lower part; deeper aquifer is 
mostly absent except the peripheral area. 

Dumuria Aquifer is comparatively poor, with permeable layers of thickness ~80 m extending 
over shorter distances and highly discontinuous in the upper layer.  The deeper 
aquifer is in a poor state, with not much permeable strata present except the western 
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part of the upazila.  
Dighalia Aquifer is comparatively poor and no continuous aquifer is seen here. Predominantly 

very fine sand in the upper part at depths ~ 200m without having any clay layers in 
the middle part of this upazila which is represented in the W-E cross section. The 
deeper aquifer is also not in good situation see, the cross section represented partly 
deep aquifer in some portion of this upazila containing fine to medium sand, very 
fine sand and medium to coarse sand, with no deeper aquifer present in the southern 
part of the upazila.  

 

 

 

  Figure 5.5: Lithologic sections in different Upazilas of Khulna district 
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Figure 5.5: Continued. 
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Figure 5.5: Continued. 
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5.3 Analysis of geophysical logs 

As discussed in section 4.3, the formation resistivity (long-normal arrangement) as recorded in 

the DPHE resistivity logs were converted to formation water resistivity values, followed by a 

temperature correction for depths.  An empirical relationship was then derived between 

formation water resistivity and observed electrical conductivity from data at same locations and 

at the same depths.  As already discussed, in absence of any DPHE measured EC data, some 

measurements of the same by BWDB and BAEC were considered, locations of which match 

very closely with the locations of some resistivity logs.   

 

The matching points lying in Satkhira district were used to derive the relationship [Equation 

(5.1)] in Figure 5.6, while the matching points lying in Khulna district were used to verify the 

derived relationship, as presented in Figure 5.7.    
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Figure 5.6: Empirical relationship developed between electrical conductivity and standardized 

formation water resistivity using data points in Satkhira 
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Figure 5.7: Verification of empirical relationship between electrical conductivity and 

standardized formation water resistivity using data points in Khulna 
 

Further verification of the empirical relationship was done by plotting the EC contours in the 

study area for different depths using the resistivity interpreted data and then comparing the 

measured data (location-unmatched data points) by BWDB and BAEC at different places at 

different depths with the interpreted data.  As can be seen in Figure 5.8, measured data and 

interpreted data match rather very well, thus further verifying the acceptability of the empirical 

relationship given in Equation (5.1).   

 

Comparison was then made with the measured BADC data, as shown in Figure 5.9.  The 

comparison in this case is also reasonable, except one data at Batiaghata.   All data of BADC 

except Batiaghata were thus considered (along with estimated and other measured data) for 

salinity mapping in the study area.   
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Figure 5.8: Comparison of measured EC data of BWDB and BAEC with resistivity log 

interpreted EC data 
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Figure 5.9: Comparison of measured EC data of BADC with resistivity log interpreted EC data 
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These data points were thus considered for deriving an empirical relationship between EC and 

RW20.  Upon verification of the relationship of the relationship with a set of DPHE, BWDB and 

BADC data, the empirical relationship was subsequently used to convert resistivity data to EC 

data of all DPHE resistivity logs.  EC maps based on resistivity interpreted EC data and other 

reliable, measured data of BWDB, BAEC and BADC were then produced for different depths 

across the study area.  

 

It should be noted here that the empirical relationship such as that in Equation (5.1) is not very 

applicable to formations with a high clay content, since clay layers themselves show low 

resistivity and hence may represent layers with high salinity concentration as per equation (5.1) 

even if the layers are fresh.  This is why while delineating electrical conductivity of clay layers, 

resistivity and corresponding conductivity layers of immediate upper and lower layers were 

considered while choosing a representative value of electrical conductivity at a particular depth 

in the clay layer. 

 
Figures 5.10-5.13 present resistivity interpretations for 4 logs at Shymnagar, Paikgacha, 

Assasuni and Koyra, respectively. As described earlier in chapter 4, the long-normal 

arrangement in resistivity log was considered. As can be seen in Figure 5.10 and 5.11 the sandy 

layers formations (depths 560-700 ft in Figure 5.10 and 110-190 ft in Figure 5.11) exhibit higher 

resistivity values and hence lower electrical conductivity as the formation is fresh. On the other 

hand, the sandy layers at depth 180-380 ft in Figure 5.10 show lower resistivity, indicating that 

these formations are saline. Although clay shows low resistivity as expected, the interpretation 

by equation (5.1) was not used for clay.  The thick clay layers at the lower part of the logs were 

ignored in the analyses, since no data were available at these depths for a number of locations. 

This is why, no maps beyond 300 meters are presented here, and the map produced for 300m 

depth is less precise compared to the other maps as it was based on fewer numbers of points. If 

clay layer was present in any of the selected depths (50m, 100m, 150m, 200m, 250m and 300m), 

representative values of electrical conductivity based on the conductivity values of immediate 

upper and lower layers were considered.  
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*DPHE reports fresh aquifer between (560-750)ft 

 
Figure 5.10: Interpretation of resistivity log for one location at Shymnagar, Satkhira 
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*DPHE reports fresh aquifer between (110-190) ft 

 
Figure 5.11: Interpretation of resistivity log for one location at Paikgacha, Khulna. 
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*DPHE reports saline bore hole.  

Figure 5.12: Interpretation of resistivity log for one location at Assasuni, Satkhira 
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*DPHE reports saline bore hole 

Figure 5.13: Interpretation of resistivity log for one location at Koyra, Khulna 

 
 
5.4 Salinity Mapping 

Electrical conductivity has been used as a surrogate for salinity in the groundwater in the two 

coastal districts.  Electrical conductivity has been widely used as a measure of salinity (e.g. FAO, 

1992; Benton Jones 2001; ESCAP/UN, 1987).  A classification of salinity is often used based on 

the electrical conductivity range is given in Table 5.3. According to Table 5.3 the allowable limit 

of electrical conductivity for drinking and irrigation water is 1000 µS/cm and up to 3000 µS/cm, 

respectively. 
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Table 5.3: Salinity classification based on electrical conductivity (Source: FAO, 1992) 

Electrical conductivity (µS/cm) Salinity classification 

≤ 1,000 Fresh (limit for drinking) 

1,000 – 3,000 Slightly saline (limit for irrigation) 

3,000 – 10,000 Brackish 

10,000 – 35,000 Saline 

≥ 35,000 Sea water 

 

Figures 5.14-5.19 show the generated salinity maps at different depths.  The maps also include 

the location of data points for each depth so that the possibility of errors due to extrapolation can 

be discussed.  Salinity maps at different depths are produced based on the electrical conductivity 

of the areas and areas are classified as fresh, brackish, saline and sea water zones (FAO, 1992). 

 

At 50m depth, interpretation of salinity for the whole study area was possible because of 

availability of sufficient number of data points for interpolation.  Kalaroa, some parts of Satkhira 

sadar, Khulna Metro, Rupsa, Terakhada & Kaliganj in the map represent the fresh zone ranging 

the EC from 0 to 1000 µS/cm. Debhata, Tala, Dumuria & Dighalia having conductivity in the 

range from 1000 µS/cm to 3000 µS/cm are marked as slightly saline zones. Shymnagar, Asasuni, 

Batiaghata and most of the portions of Paikgacha & Dacope are considered as brackish zones, 

with EC ranging from 3000 µS/cm to 6000 µS/cm. Only some isolated places in kaliganj 

represent higher salinity values from 13000 µS/cm to 15000 to µS/cm. So it can be inferred that 

salinity is higher in southern region and uppermost part of the northern region are fresh zones at 

50m depth.  
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Figure 5.14: Salinity map at 50m depth based on electrical conductivity  

 

At 100m depth, most of the parts of Kalaroa, some parts of Satkhira, Tala, Terakhada & few 

parts of  Khulna Metro, Dumuria and Rupsa in the map represent the fresh zone ranging the EC 

from 0 to 1000 µS/cm. Batiaghata, Dighalia, most of the parts of satkhira, Tala, Khulna Metro, 

Phultala, Dumuria, Debhata, Asasuni, Kaliganj & some parts of Terekhada, Rupsa & 

Shyamnagar having conductivity with a range from 1000 µS/cm to 3000 µS/cm are marked as 

slightly saline zones. Most of the part of Shymnagar, Asasuni, Paikgacha & Dacope are 

considered as brackish zones with  EC ranging from 3000 µS/cm to 9000 µS/cm. Only some 
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individual places in kaliganj represent higher salinity values from 13000 µS/cm to 15000 to 

µS/cm. So it can be inferred that salinity is higher in southern region and limited uppermost part 

of the northern region are fresh zones. 

 

Figure 5.15: Salinity map at 100 m depth based on electrical conductivity  

 

At 150 m, salinity distribution in the northern part of the study area, i.e. in Kalaroa, Satkhira 

Sadar, Tala, Dumuria, Khulna Metro, Terokhada, Dighalia, and Phultala Upazilas are uncertain 

as there are not data points available, meaning that there may be extrapolation errors.  Few parts 

of Debhata, Asasuni, and Shyamnagar in the map are marked as slightly saline zone ranging the 
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EC from 1000 µS/cm to 3000 µS/cm. Rupsha, Batiaghata, Kaliganj, Paikgacha and most parts of 

Debhata, Asasuni and Shyamnagar represent brakish zones with conductivity ranging from 3000 

µS/cm to 8000 µS/cm.  So it can be inferred that at this depth there is neither any fresh zone nor 

any high salinity zones.  

 

Figure 5.16: Salinity map at 150m depth based on electrical conductivity  

 

At 200 m, the entire northern part of the study area, including Kalaroa, Satkhira Sadar, Tala, 

Dumuria, Khulna Metro, Terokhada, Dighalia, Phultala, Rupsa, Batiaghata Upazilas do not have 

any data points, and salinity mapping in this part is uncertain.  In the area where data points are 
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available, there appears no fresh zone.  Few places in Asasuni and Paikgacha represent high 

salinity zones with EC value from 10000 µS/cm to 15000 µS/cm. Few parts of Debhata, Kaliganj 

and Shyamnagar are marked as slightly saline zones.  Conductivity ranges here from 1000 µS/cm 

to 3000 µS/cm. The remaining major portion of the area is classified into brackish zone having 

conductivity values between 3000 µS/cm and 9000 µS/cm. 

 

Figure 5.17: Salinity map at 200 m depth based on electrical conductivity  

Salinity distributions at 250 and 300 m, similar to that at 200 m, are uncertain because of non-

availability of data points.  Salinity is similar to that at 200m depth i.e. very few places in 

Asasuni and Paikgacha represent high salinity zones with EC value from 7000 µS/cm to 15000 
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µS/cm. Few parts of Debhata & Shyamnagar are marked as slightly saline zones. Conductivity 

ranges here 2000 µS/cm to 4000 µS/cm. The remaining major portion of the area is classified as  

brackish zone having conductivity values between 3000 µS/cm and 9000 µS/cm.   

 

Figure 5.18: Salinity map at 250 m depth based on electrical conductivity  

 



69 
 

 

 

Figure 5.19: Salinity map at 300 m depth based on electrical conductivity  

 

5.5  Suitability of aquifer for Irrigation and Drinking water  
 

The principal objective of this study is to give an indication of groundwater status with respect to 

salinity for irrigation and drinking water in Khulna and Satkhira districts. From the detail 

analyses of geological log, aquifers are described for each of the upazila for both districts and 

salinity levels were also delineated from the geophysical logging analysis together with data 
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from BAEC, BADC and BWDB.  In order to get a better picture of suitable aquifer zones in 

terms of salinity, Figures 5.14-5.19 are reproduced in Figures 5.20-5.25 with reclassification of 

salinity ranges.  

 

 
Figure 5.20: Suitability of groundwater at 50 m depth based on electrical conductivity  
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Figure 5.21: Suitability of groundwater at 100 m depth based on electrical conductivity  
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Figure 5.22: Suitability of groundwater at 150 m depth based on electrical conductivity  
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Figure 5.23: Suitability of groundwater at 200 m depth based on electrical conductivity  
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Figure 5.24: Suitability of groundwater at 250 m depth based on electrical conductivity  
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Figure 5.25: Suitability of groundwater at 300 m depth based on electrical conductivity  

 

Table 5.4 shows a general picture of suitable aquifers in different unions of Satkhira district for 

drinking and irrigation purposes.  Most of the suitable aquifers are found in the shallow zone, 

while in few cases there are found in the main aquifer.  Shallow aquifers at Chandanpur union in 

Kalaroa upazila contain fresh water zone i.e. EC is below 1000 µS/cm which is suitable both for 

irrigation and drinking water purposes.  Banshdaha and Labsa unions in Satkhira sadar also have 

the fresh water in shallow aquifers. On the other hand, Brahmarajpur and Dhulihar unions of 

Satkhira Sadar do not have suitable aquifers either for drinking or irrigation purpose due to EC 

range above 3000 µS/cm.  Shallow aquifers in Nagarhata union of Tala, Parulia union of 
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Debhata, Assauni union of Assasuni, and Shyamnagar union of Shymnagar contain the fresh 

water which is suitable for both drinking and irrigation purposes.  The shallow aquifers in Kulia 

union of debhata, Nalta and Sreeula unions of Kaliganj and Shyamnagar and Ranjannagar unions 

of Shyamnagar are not suitable for drinking but are suitable for irrigation purpose.   

 

Table 5.4:  Classified suitable aquifer zones in Satkhira district 

District Upazila Union Aquifer 
Depth in 

meter 

EC 
(µS/cm) 

Suitable zone 

Satkhira Kalaroa Chandanpur  (30-120) 931 Both for Drinking and 
irrigation water 

Satkhira Banshdaha (30-160) 553 Both for Drinking and 
irrigation water 

Labsa (20-110)  219 Both for Drinking and 
irrigation water 

BrahmaRajpur (20-120) & 
(160-180) 

3582 & 
4256 

Not suitable for both 
drinking and irrigation 

Dhulihar (160-200) 3944 Not suitable for both 
drinking and irrigation 

Tala Nagarghata  (20-100) 315  Both for Drinking and 
irrigation water 

Debhata Kulia (50-100) & 
(125-140) 

1870 & 
1336 

Both aquifer is suitable for 
irrigation  

Parulia (30-110) & 
(150-170) 

882 & 
3582  

Upper aquifer suitable for 
both drinking and 
irrigation but lower 
aquifer is not suitable 

Noapara (50-80) & 
(180-210) 

3892 & 
984 

Upper aquifer not suitable 
but lower aquifer suitable 

Assasuni Fingari (60-90) 4235 Not suitable 
Budhhata (40-90) & 

(160-185) 
5230 , 
4256, 
4128 

Very high 

Durgapur (50-105) 3582, 
3892 

Not suitable 

Baradal (20-200) 3892, 
4668 

Not suitable 

Khajra (60-130) 4935 Not suitable 
Assasuni (40-100)  (825-

1360) 
Suitable for both 

Kaliganj Nalta (25-60) 2340 Suitable only for irrigation 
Sobhnali (30-90) 3536 Not suitable 
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Sreeula (40-90) 2610 Not suitable 
Khushlia (20-70) (897-

1899) 
Suitable for irrigation in 
very shallow depth its 
suitable for drinking 

Bishnupur (30-65) 6777 Very high 
Shymnagar Shymnagar (0-120) 1997 Suitable for irrigation 

Buri Goalini (10-60) 5230 high range 
Munshiganj (25-70) 3692 Not suitable 
Ramjan Nagar (20-50) 2500 Suitable only for irrigation 

 

Table 5.5 shows a general picture of suitable aquifers in different unions of Khulna district for 

drinking and irrigation purposes.  The shallow aquifer zone in all unions of  Koyra upazila 

belong the high EC that is not suitable for either drinking of irrigation purpose, except Chalna 

union where water is suitable for both drinking and irrigation, and Koyra union where water is 

suitable for irrigation.  The shallow aquifers in Dacope upazila in general have high EC contents 

(greater than 4000 µS/cm) except Batiaghata union, where water is suitable for irrigation.   The 

water quality in Batiaghata upazila is better, with most shallow aquifers suitable for both 

drinking and irrigation except Dighalia where water is suitable for only irrigation. Rupsha, 

Phultala, Terokhada, Khulna metro upazilas also have fresh shallow aquifers suitable for both 

drinking and irrigation, while shallow aquifer of Dighalia upazila is suitable for irrigation only.  
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Table 5.5:  Classified suitable aquifer zones in Khulna district 

District Upazila Union Aquifer 
Depth in 

meter 

EC 
(µS/cm)

Suitable zone 

Khulna Koyra Nalian Range (30-80) 8102 Very high  
UttarBedkashi (40-80) 5400 High Range 
Koyra (10-80) 2850 Suitable for irrigation 
Bagali (30-70) 3892 Not suitable 
Chalna (30-110) 

& (160-
210) 

850 & 
1763 

Upper aquifer suitable for both 
and lower one is suitable for 
only irrigation 

Dacope Banishanta (20-80) 5088 High range 
Kailasganj (30-90) 4935 High range 
Kamarkhola (20-80) 4342 High range 
Batiaghata (20-60) 1412-

2030 
Suitable only for irrigation 

Jalma (30-80) 4100 Not suitable 
Batiaghata Rupsha (10-70) & 

(80-240) 
527, 
1070 

Suitable for both 

Madhupur (10-70) 325 Suitable for both 
Dighalia (30-90) 2240 Suitable only for irrigation 

Rupsha Damodarpur (20-105) 760 Suitable for both 
Terakhada Kharnia (30-90) 580 Suitable for both 
Dighalia Dighalia (10-70) 1987 Suitable only for irrigation 
Phultala Damodarpur (20-60) 715 Suitable for both 
Khulna 
Metro 

Kharnia (20-75) (216-
527) 

Suitable for both 
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Chapter 6 

CONCLUSIONS AND RECOMMENDATIONS 
 
 
6.1 Conclusions 
 
The main objective of the study was to delineate suitable aquifers for agricultural and drinking 

water supply in southwest coastal area. Identification of aquifer layers with acceptable limits of 

salinity for different uses and to develop salinity distribution map at different depths in the study 

area were the two specific objectives. The main expected outcome of the study was a database 

for groundwater salinity distribution at different depths, which would be useful for planning of 

southwest coastal groundwater resources as well as for any future research requiring salinity 

data. The overall study findings are summarized as follows: 

 

 Regionally, it is very difficult to construct stratigraphic units, and hence clearly delineate 

different aquifer layers.  The shallow composite aquifer and the main aquifer, unlike in 

other non-coastal areas in the north, can be considered as a hydraulically connected 

composite aquifer of a substantial thickness, ranging from 100-150 meters. The deeper 

layer is separated, albeit discontinuously, from the upper composite aquifer.  However, at 

smaller scale, descriptions can be provided in a little more details. 

 There are considerable differences in the aquifer formations, with individual layers 

following no specific pattern.  In satkhira district, good and productive aquifers with 

considerable thickness and areal continuity are present particularly in Tala, Assasuni and 

Kalaroa, to some extent Satkhira Sadar.  Productive aquifers are available in patches in 

Debhata, with continuous layering of formations.  Aquifer conditions are however poor in 

Kaliganj and Syamnagar.   

 In general, the aquifers in Khulna district are not as good as those in Satkhira, with very 

fine sands and fine to very fine sands occupying major thickness of the aquifers. Among 

different Upazilas, aquifers in Paikgacha, Rupsha, Phultala and Terokhada are regionally 

more continuous than the others.   
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 In Satkhira district, most of the suitable aquifers in terms of drinking and irrigation 

purposes are found in the shallow zone, while in few cases they are found in the main 

aquifer.   

 Shallow aquifers at Chandanpur union in Kalaroa upazila contain fresh water 

zone i.e. EC is below 1000 µS/cm which is suitable both for irrigation and 

drinking water purposes.  

 Banshdaha and Labsa unions in Satkhira sadar also have the fresh water in 

shallow aquifers. On the other hand, Brahmarajpur and Dhulihar unions of 

Satkhira Sadar do not have suitable aquifers either for drinking or irrigation 

purpose due to EC range above 3000 µS/cm. 

 Shallow aquifers in Nagarhata union of Tala, Parulia union of Debhata, Assauni 

union of Assasuni, and Shyamnagar union of Shymnagar contain the fresh water 

which is suitable for both drinking and irrigation purposes.  

 The shallow aquifers in Kulia union of Debhata, Nalta and Sreeula unions of 

Kaliganj and Shyamnagar and Ranjannagar unions of Shyamnagar are not suitable 

for drinking but are suitable for irrigation purpose.   

 In Khulna district, the following general picture of aquifer conditions is seen: 

 The shallow aquifer zone in most unions (except Chalna and Koyra) of Koyra 

upazila belong the high EC that is not suitable for either drinking of irrigation 

purpose 

 In Chalna union of Koyra, water is suitable for both drinking and irrigation, and in 

Koyra union water is suitable for only irrigation.  

 The shallow aquifers in Dacope upazila in general have high EC contents (greater 

than 4000 µS/cm) except Batiaghata union, where water is suitable for irrigation.  

 The water quality in Batiaghata upazila is better, with most shallow aquifers 

suitable for both drinking and irrigation except Dighalia where water is suitable 

for only irrigation. 

 Rupsha, Phultala, Terokhada, Khulna metro upazilas have fresh shallow aquifers 

suitable for both drinking and irrigation, while shallow aquifer of Dighalia upazila 

is suitable for irrigation only. 
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6.2 Recommendations 
  
Although the study presents reasonable maps of salinity distribution over the study area, 

mapping of suitable aquifers at deeper depths in the northern part of the study area was 

constrained by lack of data adequate data points.  Although groundwater salinity is not expected 

to change rapidly with time unlike surface water, there still remain some uncertainties, especially 

with salinities at shallower depths, which may be affected by salinity intrusion from surface 

water sources other than sea water intrusion.  The data used in this study in salinity mapping 

refer to measurements over a period of 7 years.  This may potentially be a source of error. Also, 

while analyzing the suitability of aquifers for drinking and irrigation purpose, the study 

considered only salinity (in terms of electrical conductivity) as the parameter, while there are 

other important parameters, such as arsenic for drinking water and Sodium-Adsorption-Ratio 

(SAR) for irrigation water. In view of the discussion made here, the following recommendations 

are drawn: 

 

 Groundwater salinity needs to be monitored on a continuous basis. 

 Since resolution of monitoring stations would determine the degree of accuracy in maps 

at local levels, the number of location of monitoring stations should be accordingly 

designed.   

 The methodology adopted in the study may be extended to other areas of the coastal 

zone, especially where resistivity logging data are available. 

 The analysis for suitability of aquifers for drinking and irrigation purposes should be 

extended by taking into consideration other important and relevant quality parameters.  
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