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CHAPTER 5 INVESTIGATION OF DEEP AQUIFERS 
 

5.1 Core Borings 
5.1.1 Purpose 
The core boring was performed to establish the basic subsurface stratigraphy. Focus was given 

particularly to the distribution of clay layers at the upper layer section and the thickness and 

continuity of clay layers in between the shallow and deep aquifers, as these are considered to 

significantly restrict arsenic contamination and groundwater flow. Detailed observation of core 

samples can provide precise information on facies, grain size, sedimentary structures, degree of 

consolidation, existence of particular minerals and fossils, etc. that cannot be obtained by the 

cutting samples of normal well drillings. Moreover, one of the most important purposes of core 

boring is to collect undisturbed core samples for core analysis. To reveal the mechanism of 

groundwater contamination by arsenic, arsenic content testing and arsenic leaching testing are 

very essential to know the source of contamination as well as the potential of contamination. 

For these reasons, the study team has paid special attentions to the core boring study. The 

drilling method and sampling method were carefully examined to collect as many reliable core 

samples as possible. 

 

5.1.2 Locations 
The core boring was done at six (6) locations in the study area: three (3) sites in Pourashavas 

and three (3) sites in the model rural areas. In Chuadanga, Jhenaidah and Jessore Pourashavas, 

the core borings were performed at one of the drilling sites for a deep observation well by the 

study where the shallow groundwater is highly contaminated with arsenic. 

As mentioned in Chapter 6, the model rural areas were carefully selected not only from the 

viewpoints of the degree of arsenic contamination and the distribution of arsenicosis patients but 

also from the viewpoint of the hydrogeologic characteristics of the study area. In the selected 

three (3) villages, the core boring was performed in the highly contaminated area in each village 

based on the arsenic level survey of existing wells. 

Figure 5.1.1 shows the core boring sites in the study area. Figures 5.1.2, 5.1.3, and 5.1.4 show 

the location of core boring sites in Chuadanga, Jhenaidah and Jessore Pourashavas. The detailed 

core boring points as well as the location of deep observation wells and observation holes at 

CH-2, JH-1, and JS-2 sites are shown in Figures 5.2.6, 5.2.7, and 5.2.10, respectively. The 

locations of core boring points in the model rural areas of Bara Dudpatila in Chuadanga District, 

Krishna Chandrapur in Jhenaidah district, and Rajnagar Bankabarsi in Jessore district are shown  

in Figures 5.1.5, 5.1.6, and 5.1.7. 
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5.1.3 Methodology 
At the six (6) sites, core boring was performed up to a depth of 300 m. The total length of core 

boring is 1,800 m. The Study Team employed a drilling contractor from Thailand to carry out 

the core boring because there was no capable drilling contractor or drilling machine in 

Bangladesh. The actual drilling work started from December 2000 and it was completed in 

August 2001. 

The specification of core boring is as follows: 

Sampling Interval: Continuous core sampling in clayey layers 

At least one sample at an interval of 5 m in sandy layers 

Depth of Core Boring: 300 m 

Drilling Method: Rotary Drilling with Wire Line Method 

Drilling Machine: TBM-5 (having capacity to drill up to 500m depth) 

Drilling Bit: Diamond Tip Bit and Metal Tip Bit 

Drilling Fluid: Bentonite Fluid (Bentonite was imported from Thailand) 

Sampler:  Denison Sampler (double core tube) 

Drilling Diameter: 86 mm 

Sample Diameter: 56 mm 

 

The hydrogeologist and the drilling engineer of the study team supervised the core boring work 

at each site. The collected core samples were immediately wrapped in plastic sheet to prevent 

dry-up and secondary contamination. The wrapped samples were properly kept in wooden 

boxes. 

The detailed core observation and the selection of core samples for arsenic analysis were done 

by the hydrogeologist of the study team. The hydrogeologist carefully cut the plastic cover and 

removed the mud cake adhered to the core samples with a clean spatula. The fresh surface of the 

core samples was carefully observed to describe facies, grain size, sedimentary structure, 

dominant minerals and fossils. The color of core samples was identified using the standard color 

chart. The result of the core sample observation was recorded on the core observation data sheet 

with a core sketch drawing at a scale of about 1/5. The individual core observation data sheet is 

presented in the Data Report. The geological log sheets are shown in Figures 5.6.1. to 5.6.6 in 

Section 5.6. 

After the core observation, the samples for core analysis were carefully collected. The top depth, 

bottom depth and facies of the collected samples were recorded and sample numbers were 

systematically assigned. The remaining core samples were wrapped again in plastic sheet and 

kept in the wooden boxes. The wooden boxes are properly kept in the DPHE Jhenaidah Office 

and DPHE Jessore Office. 
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5.1.4 Subsurface Geology 
Based on the 300 m deep core boring carried out at six (6) sites in the study area, viz. 

Chuadanga, Damurhuda, Moheshpur, Jhenaidah, Jessore and Keshabpur, five (5) stratigraphic 

units were identified. The identified statigraphic units were named from E formation to A 

formation in ascending order. Table 5.1.1 shows the characteristics of the subsurface geologic 

formations in the study area. Figure 5.1.8 shows the correlation of the geologic unit among the 

six (6) core boring sites. 

These formations consist of many laminated structures and occasionally biogenic sedimentary 

structures disturbed by bioturbation (Figures 5.1.9 and 5.1.10). And these formations include 

shell fragments, trace fossils, wooden fragments and blocks (Figures 5.1.11 to 5.1.14). 

The geological features of each formation are described as follows. A more detailed description 

of each core boring sites is shown in Section 5.1.6. 

 

1) E formation 
E formation is the lowest geologic formation within a depth of 300 m in the study area. It 

mainly consists of fine to medium sand in the northern part to the central part of the study area 

(Chuadanga, Damurhuda, Jhenaidah and Jessore). On the other hand, E formation in the 

southern part (Moheshpur and Keshabpur) mainly consists of silt and silt rich alternation of 

sand and silt layers. The formation is intercalated by clay, silt and an alternation of sand and 

clayey layers in the northern and central parts of the study area. Gravel layers often intercalate 

in Chuadanga. The formation consists of parallel and cross-laminated beds. Tube-shaped trace 

fossils (biogenic nest holes) are found in Chuadanga and Moheshpur. Wooden fragments are 

found at the sites in Chuadanga, Damurhuda, and Jhenaidah. The formation partly contains clay 

and silt blocks except in Keshabpur. The thickness of E formation is more than 90m. 

 

2) D formation 
D formation is divided into two parts, i.e. D1 member and D2 member in descending order. 

D formation unconformably overlies E formation. The gap in sedimentary age between D and E 

formations may be long, because the boundary between E and D formations shows angular 

unconformity. 

 

a. D2 member 

It mainly consists of sandy layers (fine to medium sand or medium to coarse sand) with pebble 

in the northwest and in the south of the study area (Chuadanga, Damurhuda, Jessore and 

Keshabpur). In the northeastern part (Jhenaidah) it mainly consists of fine to medium sand. 

Alternating layers of silt and fine to medium sand are dominant in the western part (Moheshpur). 
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Clay and silt blocks are partly found in the formation except in Jhenaidah. This member has a 

thickness of 1 to 16 m. 

In the southwestern area (Moheshpur, Jessore and Keshabpur), there is a possibility that the 

member is submarine fan deposits, because of the disordered sedimentary structure and muddy 

layers with gravel as typical turbidites facies. 

 

b D1 member 

It mainly consists of sandy layers (fine to medium sand or medium to coarse sand) with pebble 

in Chuadanga and Damurhuda. In Moheshpur, Jhenaidah, Jessore and Keshabpur the formation 

mainly consists of silt and alternating layers of silt and sand. Tube-shaped trace fossils are found 

in Damurhuda and Jhenaidah. Wooden fragments are contained in Damurhuda. Clay and silt 

blocks occur in this member. The thickness of D1 member ranges from 20 to 39 m. 

 

3) C formation 
C formation is characterized by a lot of pebble-sized gravel, which compose the inverse grading 

structure in some horizons. It mainly consists of sandy layers (fine to medium sand or medium 

to coarse sand) with a lot of pebble in Chuadanga, Damurhuda, Moheshpur, Jhenaidah and 

Jessore. It mainly consists of silt and an alternation of silt and very fine sand layers in 

Keshabpur. C formation is intercalated by silt and fine sand except in Keshabpur. In Keshabpur, 

the formation is intercalated by very fine to fine sand layers and medium to coarse sand layers. 

Shell fragments are found in Chuadanga and Keshabpur. Tube-shaped trace fossils are often 

found except in Damurhuda and Jhenaidah. Wooden fragments are contained in Chuadanga, 

Damurhuda, Jhenaidah and Jessore. Clay and silt blocks are found in the central to southern part 

of the study area. The thickness of C formation ranges from 61 to 141 m. 

The formation is probably equivalent to the lowest unit by Umitsu (1987). From 

coarsening-upward in some horizons and intercalating of marsh deposits, it is presumed that C 

formation is deltaic deposit except in Keshabpur. From the bottom elevation, facies, and the 

continuity of distribution, it is presumed that C formation was deposited after the lowest stand 

of sea level during the last glacial maximum. 

 

4) B formation 
B formation is characterized by tube-shaped trace fossils in some horizons. It mainly consists of 

fine sand and medium sand in the study area. It is intercalated by silt, very fine sand and coarse 

sand. Parallel and cross laminae are found at some horizons. Biogenic sedimentary structures 

disturbed by bioturbation are found in the upper part of the formation in Moheshpur. A few shell 

fragments are found in Jhenaidah and Keshabpur. Tube-shaped trace fossils are contained at 

some horizons except in Damurhuda. Wooden fragments and some organic matters are partly 
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contained in the formation except in Jhenaidah. Clay and silt blocks are partly found. The 

thickness of B formation ranges from 41 to 70 m. 

The formation is probably equivalent to the lower unit by Umitsu (1987). From the type of 

laminae and tube-shaped trace fossil in some horizons, it is presumed that B formation was 

deposited in a shallow sea palaeo-environment (shoreface) during the transgression time in late 

Pleistocene. 

 

5) A formation 
A formation is divided into two parts, i.e. A1 member and A2 member in descending order. 

 

a. A2 member 

It mainly consists of very fine sand and fine sand. The member is partly intercalated by clay and 

silt except in Jhenaidah where it is intercalated by medium sand and medium to coarse sand. 

Parallel and cross laminae are developed at some horizons. Biogenic sedimentary structures 

disturbed by bioturbation are found in Damurhuda, Moheshpur, Jessore and Keshabpur. A few 

shell fragments are found in Jessore. Tube-shaped trace fossils are contained in Chuadanga, 

Damurhuda and Jessore. Wooden fragments are contained in Chuadanga, Jhenaidah and 

Keshabpur. Clay and silt blocks are partly contained in the member. The thickness of the 

member ranges from 20 to 43 m. 

The formation is probably equivalent to the middle and upper unit by Umitsu (1987). From the 

facies, type of laminae and bioturbation, it is presumed that A2 member was deposited with a 

palaeo-environment of sea (shoreface to offshore) during a time of high sea level in early 

Holocene. 

 

b. A1 member 

It mainly consists of clay and silt. It is intercalated by peat in Jessore and Keshabpur. A few 

shell fragments are contained in the center area (Jessore). Tube-shaped trace fossils are 

contained in Chuadanga and Damurhuda. Wooden fragments are contained in Jessore and 

Keshabpur. Clay and silt blocks are partly contained in the layer except in Chuadanga and 

Keshabpur. The thickness of the member ranges from 5 to 20 m. 

The formation is probably equivalent to the uppermost unit by Umitsu (1987). From the facies 

(especially peat), it is presumed that A1 member was deposited with a palaeo-environment of 

lake or marsh in middle to late Holocene. 
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5.1.5 Hydrogeological Classification 
These geologic units are divided into three (3) aquifer units, according to permeability to 

estimate by facies up to 300 m in study area. The first aquifer corresponds to A formation and B 

formation, which mainly consists of fine to medium sand. The second aquifer corresponds to C 

formation, which mainly consists of a sandy layer with gravel. The third aquifer corresponds to 

D formation and E formation, which consists of a sandy layer and silty layer. The former two 

aquifers can be correlated with Shallow aquifers used by BGS and DPHE (2001) and the latter 

one aquifer corresponds to Deep Aquifer by BGS and DPHE (2001). It is inferred that B 

formation has better permeability in the shallow aquifer. It is inferred that C formation (equal 

middle aquifer) has very good permeability. It is inferred that D2 formation has better 

permeability in the deep aquifer, but it is not so thick. The permeability of each drilling site is 

described by the results of the pumping test in Chapter 5.1.2. 

The clear aquiclude is absent between the first aquifer and second aquifer. But each 

characteristic of groundwater flow is considered to differ, because of the different facies 

between each aquifer. The clear aquiclude (clay and silt) exists between the second aquifer and 

third aquifer except in the northern area (Chuadanga and Damurhuda). 

The sedimentary facies and thickness of the first aquifer does not change in almost the entire 

area. The groundwater of this aquifer is mainly used for private and agricultural use. Particularly 

in A formation, the arsenic concentration is higher than in other aquifers (AAN et al. 1999). 

The thickness of the aquifer increases towards the southern area in the second aquifer, which 

mainly consists of a gravel layer. But the facies of the aquifer suddenly changes in the south 

Jessore district area (between Jessore and Keshabpur). There is no function for the aquifer in 

Keshabpur, because there is no sandy layer in C formation. The groundwater of this aquifer is 

used for production wells in the Pourashava area (Chuadanga, Jhenaidah and Jessore). 

The third aquifer is able to be a good aquifer in the northern and center area (Chuadanga, 

Damurhuda, Jhenaidah and Jessore), because the facies is a sandy layer. Particularly in 

Moheshpur, a good aquifer for groundwater use has not been confirmed in D formation and E 

formation, because the facies is muddy. There are not any wells for groundwater use in study 

area. 

The relationship between the subsurface geology and the aquifer classification is shown in Table 

5.1.2. Although the absolute age of the sediment and groundwater was not analyzed in the study, 

the bottom of C formation can be presumed as an unconformity between so-called Diluvium 

and Alluvium based on the facies characteristics and available information such as Umitsu 

(1987).  

The definition of a “Deep Aquifer” has been confused in Bangladesh. The study team has 

hydrogeologically defined a “Deep Aquifer” as consisting D and E formations of Pleistocene 

sediment. The formations of a Deep Aquifer can be correlated with the Pleistocene Madhupur 
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Formation (Islam & Uddin, 2002). A Deep Aquifer occurs at depths below 160 to 220 m in the 

study area. 
 

Table 5.1.2  Subsurface geology and aquifer classification 

JICA (2002) 
Geologic Age Subsurface 

Geology 
Aquifer 

Classification 

BGS/DPHE 
(2001) 

Holocene A formation 
B formation 

First Aquifer 
(Shallow Aquifer) 
 

Upper shallow 
aquifer 

 
Late Pleistocene 

C formation Second Aquifer 
(Middle Aquifer) 
 

Lower shallow 
aquifer 

 D formation 
Plio- 
Pleistocene 

E formation 
Third Aquifer 
(Deep Aquifer) 

Deep aquifers 

 

 

References 
AAN, RGAG and DOEH NIPSOM (1999): Arsenic Contamination in Bangladesh –Interim 

report of the research at Samta village.  

Umitsu M. (1987): Late Quaternary environmental and landform evolution in Bengal. Geog. 

Rev. Japan, Ser. B, 60, 164-178. 

BGS/DPHE (2001): Arsenic contamination of groundwater in Bangladesh.  

Islam M.N & Uddin.M.N. (2002): Hydrogeology and arsenic contamination in Bangladesh. 

Arsenic Mitigation in Bangladesh published by Ministry of Local Government Rural 

Development & Cooperatives. GOB. 

5-7 

































Chapter 5  Investigation of Deep Aquifers 
 Main Report 

5.2 Drilling of Observation Wells/Holes 
5.2.1 Purpose of Drilling 
 

One of the main objectives of the study is to reveal the development potential of deep 

groundwater in the study area up to a depth around 300 m. To obtain hydrogeological 

information and geohydrologic parameters as well as to monitor groundwater level and 

groundwater quality of deep aquifers, the drilling of deep wells at different places is very 

essential. 

In the study, a total of six (6) drilling sites were selected in Chuadanga, Jhenaidah and Jessore 

Pourashavas. It was planned that there were two (2) sites in each Pourashava area. At each site, 

a set of one deep observation well (300 m in depth) and four (4) groundwater level observation 

holes with different depths (50, 100, 150, and 300 m) was drilled. Figure 5.2.1 shows the 

schematic plans of the drilling program in a Pourashava area. 

The drilling of observation wells/holes and subsequent pumping tests followed by groundwater 

monitoring can provide the following data/information: 

 

(1) Geologic information by observing cutting samples 

(2) Geophysical parameters such as borehole resistivity, SP, and gamma ray by 

borehole logging 

(3) Drilling speed and hardness by drilling record 

(4) Aquifer parameters such as transmissivity, apparent hydraulic conductivity, 

storage coefficient, leakance, etc. by continuous pumping test 

(5) Well loss, aquifer loss, well efficiency, etc. by step-drawdown test. 

(6) Vertical movement of groundwater by pumping test and groundwater level 

monitoring 

(7) Groundwater level fluctuation by groundwater monitoring 

(8) Changes in As concentration and other chemical parameters by water quality 

monitoring 
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5.2.2 Site Selection 
Because it was planned that each deep observation well would be used as a production well in 

future, locations of existing production wells, existing water supply pipelines, land use, and 

future Pourashava development plans, etc. were taken into account for selecting the site. As a 

result, two (2) sites in each Pourashava area were determined as shown in  Figures 5.2.2 to 

5.2.4. 

 

5.2.3 Drilling Configuration 
As shown in Figure 5.2.1, a typical drilling configuration was prepared to construct the 

observation well and the observation holes. An observation well was located at the center and 

four (4) observation holes should be located 5 m away from the observation well in a cross 

shaped configuration. 

Figure 5.2.5 shows the drilling site map of CH-1 site (Poshu Hat, Chuadanga). The distances 

between the observation well (Ch-1 well) and observation holes (Ch-1-1 to Ch-1-4 holes) range 

from 5.35 to 5.75 m. A benchmark (KBM) was set at the concrete base of the observation well. 

The heights of the measuring point, top of the casing pipe and concrete base of each observation 

well/holes were measured from the KBM by leveling survey. 

The drilling site maps of CH-2 site (Girls College, Chuadanga), JH-1 site (Arabpur, Jhenaidah), 

JH-2 site (Hamdah, Jhenaidah), JS-1 site (Ghop, Jessore), and JS-2 site (Kharki) are shown in 

Figures 5.2.6 to 5.2.10. At JH-1 site in Arabpur of Jhenaidah, the configuration of observation 

holes was different from the original plan because the available land was limited. The distances 

from the observation well to observation holes at JS-2 site range from 2.90 to 3.98 m, which are 

shorter than that of other sites. This was because the drilling of observation holes at the initially 

planned points was unsuccessful due to the difficulty in trying to penetrate the thick gravel layer 

at a depth of about 200 m. The observation holes were re-drilled at slightly shifted points. 

In addition, the holes of the core boring drilled in the model rural areas were converted into 

observation holes. The site maps of CH-BD site (Bara Dudpatila village, Chuadanga district), 

JH-KC site (Krishna Chandrapur village, Jhenaidah), and JS-RB site (Rajnagar Bankabarsi 

village, Jessore district) are shown in Figures 5.2.11, 5.2.12, and 5.2.13, respectively. 
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5.2.4 Result of Drilling 
The drilling work was started in December 2000 from Chuadanga district and was completed by 

the end of July 2001 in Jessore district. The drilled observation deep wells/holes and their  

specifications are shown in Table 5.2.1. 

 

 

1) Drilling Program 
The observation deep wells and observation holes were drilled by TOP-500 machine and 

TBM-5 machine, which were brought from Thailand. The drilling machines have enough 

capacity to drill up to 500 m in depth. 

For the deep observation wells, a shallow portion from the ground surface up to a depth about 6 

m was drilled using a large diameter bit. The diameter of the drilled hole is 24 inches. Then the 

drilled diameter was reduced to 20 inches and drilled up to a depth about 40 m. Below this, bore 

holes having 15 inches in diameter were made up to a depth of about 300 m. 

For the observation holes, a shallow portion up to a depth of about 3 m was drilled, 15 inches or 

12.25 inches in diameter. Then the drilled diameter was reduced to 12.25 inches or 8.5 inches in 

general. 

The boreholes drilled by the core boring in the model rural areas were enlarged to at least 8.5 

inches by re-drilling to be able to install casing pipes and screen pipes. 

 

2) Geology and Geophysical Logging 
At the Pourashava drilling site with core boring and the core boring site in the model rural areas, 

the geologic columnar section was made based on the detailed core sample observation. At the 

Pourashava drilling site without core boring, the cutting samples taken from the deep 

observation well and the deepest observation hole were carefully observed to prepare the 

geologic columnar section. The cutting samples were collected at an interval of 1 m in depth. 

After drilling the deepest well/borehole at the site, geophysical logging was carried out before 

installing casing pipes and screens. Resistivity values by short normal electrode configuration 

(16 inches) and long normal electrode configuration (60 inches), natural gamma ray, and 

spontaneous potential (SP) were measured by well logging equipment.  

The results of geophysical logging with the geologic columnar section at the drilling sites are 

shown in Figures 5.2.14 to 5.2.22.  

 

 

a. CH-1 Site [Poshu Hat, Chuadanga Pourashava] (see Figure 5.2.14) 

The geologic columnar section was made based on the observation of cutting samples. The site 

is underlain by fine sediments in the shallow portion up to a depth of 47 m, that are identified as 
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A formation in the study area. Clayey silt and silt layers occur at depths from 0 to 4 m. Silty fine 

sand to sand layers are dominant at depths from 4 to 47 m. B formation at the site occurs at 

depths from 47 to 102 m, characterized by fine to medium sand layers with medium to coarse 

sand layers. C formation is composed mainly of medium to coarse sand layers with gravel. The 

formation has a thickness of 62 m. The bottom depth of C formation is 164 m and the boundary 

between C formation and D formation is clearly identified by the facies change. D formation is 

overlain by C formation, occurring at depths from 164 to 210 m. The facies of D formation is 

characterized by fine to medium sand layer. E formation occurs at depths from 210 to 300+ m at 

the site. There are three (3) layers of medium to coarse sand in the upper part at depths from 213 

to 246 m. The lower part consists mainly of fine sand. 

The resistivity logs show that the higher resistivity values are recorded in B and C formation, 

indicating that the sediments are coarse in grain size. The resistivity logs also show a clear 

difference between C and D formations: the resistivity of D and E formation is lower than C 

formation. The intensity of natural � ranges from 10 to 20 cps, showing a slight increase of the 

intensity with depth. The SP log shows that the SP values slightly increase with depth below 

150 m in depth. 

It is noted that the geophysical logging was carried out only up to 245 m, because the medium 

to coarse sand layer at a depth of about 240 m would easily collapse. 

 

b. CH-2 Site [Girls College, Chuadanga Pourashava] (see Figure 5.2.15) 

The geologic columnar section was made based on the observation of core boring samples. A 

formation occurs at a depth from 0 to 42.62 m. There are silt and clay layers at the top of A 

formation with a thickness of 7.6 m. The rest of A formation mainly consists of fine sand layers 

with very fine sand and medium sand. B formation occurs at depths from 42.65 to 102.5 m. In 

the upper part of B formation a coarse sand layer and a medium sand layer exist at depths from 

44.6 to 53.6 m. Below this coarse sediment, the main part of B formation consists of fine to 

medium sand. There is a coarse sand to gravel layer at the bottom of B formation. C formation 

occurs at depths from 102.5 to 164 m. At the top, there is a thin peaty silt layer with a thickness 

of 0.2 m. Gravelly layers are dominant in C formation, particularly at depths from 121 to 149 m 

and from 157 to 164 m. In contrast, D formation and E formation is mainly composed of fine 

sediments. D formation has a thickness of 43.5 m, mainly consisting of fine to medium sand. E 

formation occurs at a depth below 207.5 m. The upper part of E formation consists of 

alternation of fine sand and silt layers. Below a depth of 250 m, the facies of E formation 

gradually becomes coarser with depth. There is a coarse sand layer with gravel at depths from 

289.6 to 297 m. 

The general pattern of resistivity logs at this site is similar to that of CH-1 site. The resistivity 

values are higher in C formation corresponding to the occurrence of the coarse sediments. In 
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contrast, the resistivity of D and E formations is low, particularly the resistivity values at silty 

layers in the upper part of E formation. The natural � slightly increases with depth in general. In 

A formation the natural � value ranges from 7 to 20 cps, but the value exceeds 30 cps at a very 

fine to fine sand layer in the lower part of A formation. The natural � value of B and C formation 

range between 10 to 20 cps. In D formation, there is a peak reaching 50 cps in a very fine to 

sand layer. It is presumed that the content of mica in the layer affects the natural � value. In the 

upper part of E formation the natural � value is slightly higher than that of the lower part. The 

SP value tends to decrease with depth. There are some small peaks in the upper part of E 

formation. Below 270 m depth in E formation the value clearly decreased. 

 

c. CH-BD Site [Bara Dudpatila, Damurhuda upazila] (see Figure 5.2.16) 

The geologic columnar section was made based on the observation of core boring samples. A 

formation occurs at a depth from 0 to 35 m. There is only one (1) thin layer of silt at the top. 

The thickness is 1 m. Then the upper part of A formation is dominated by very fine sand layers 

and the lower part is mainly comprised of fine sand layer. B formation occurs at depths from 35 

to 104 m. The upper part consists mainly of fine sand, however, the lower part consists of fine to 

medium sand with medium to coarse sand. C formation is rich in gravel, occurring at depths 

from 104 to 169 m. There are two distinguished gravelly layers: one is located in the upper part 

and the other is located in the lower part. D formation mainly consists of fine sand, distributed 

at depths from 169 to 221 m. There are three (3) thin medium to coarse sand layers. E formation 

occurs below 221 m in depth. There are two (2) thick alternating layers of silt and sand at depths 

from 228.3 to 241 m and 288 to 300 m. The facies in between the two layers is mainly very fine 

sand to fine sand. A relatively thick medium sand layer occurs at depths from 268.35 to 273.77 

m. 

The resistivity values increase with depth in A and B formations. The values in C formation are 

high particularly at gravelly layers. The values sharply drop in D formation and the lower values 

continue to E formation. The natural � values are generally oscillating between 10 and 20 cps, 

however, there are some peaks at finer sediment layers. It is noted that the baseline values 

increase to 20 cps in the upper alternating layer of silt and sand in E formation, where the mica 

content seems to be higher than that in other layers. The SP values gradually decrease with 

depth. 

 

d. JH-1 Site [Arabpur, Jhenaidah Pourashava] (see Figure 5.2.17) 

The geologic columnar section was made based on the observation of core boring samples. A 

formation occurs at depths from 0 to 48 m. At the site, a clayey layer was found only in the 

upper most part at depths from 0 to 4.62 m. The rest mainly consists of fine sand. There are only 
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two (2) medium sand layers from 17 to 19 m and 23.35 to 26.2 m in depth. B formation is 

distributed at depths from 47 to 105.35 m. There are two (2) coarse zones in grain size in the 

upper part and in the lower part of the formation. The middle zone mainly consists of fine to 

medium sand. There is an alternation of medium sand layers and silty clay layers at depths from 

68.7 to 70.5 m. C formation occurs at depths from 105.35 to 194.6 m. Gravelly layers are 

dominant in the formation. D formation occurs at depths from 194.6 to 242 m. The facies of the 

formation is characterized by alternations of silt and sand layers. E formation occurs below a 

depth of 242 m. There are several alternating layers of sand and silt in fine to medium sand 

layers. 

The resistivity curves show good agreement with the facies change. A, B, and C formations 

have relatively higher resistivity values. On the other hand, the values of D and E formations are 

clearly lower. The resistivity of the middle part of B formation where the alternating layer of 

medium sand and silty clay occurs is very low. Higher natural � values are found in the upper 

part of A formation, the middle part of C formation, and E formation. There are many peaks of 

natural � values in E formation. The SP values decrease with depth from A formation to C 

formation. There is a gap in SP values between C formation and D formation. The Sp values in 

D formation also decrease with depth, however, the SP values in E formation tend to increase 

with depth. 

 

e. JH-2 Site [Hamdah, Jhenaidah Pourashava] (see Figure 5.2.18) 

The geologic columnar section was made based on the observation of cutting samples. A 

formation occurs at depths from 0 to 42 m. There is a silt layer below ground surface with a 

thickness of 4 m. Then the facies becomes coarser with depth. A medium sand layer occurs at 

depths from 15 to 18 m and a medium to coarse sand layer occurs at depths from 22 to 27 m. 

The remaining parts of A formation consist of very fine to fine sand and fine to medium sand 

layers. B formation is overlain by A formation, occurring at depths from 42 to 103 m. Medium 

to coarse sand is dominant in the upper half of B formation. On the other hand, the lower half is 

mainly composed of fine to medium sand layers. C formation occurs at depths from 103 to 200 

m. The formation mainly consists of medium to coarse sand occasionally with gravel in the 

upper part and gravel rich layers with medium to coarse sand in the lower part. D formation 

occurs at depths from 200 to 250 m. The upper part is a medium sand layer with a thickness of 

21 m. The lower part mainly consists of silty fine to medium sand layers. E formation occurs 

below 250 m in depth. The upper part at a depth from 250 to 274 m consists of fine to medium 

sand layer. The lower part below 274 m mainly consists of silty fine sand layers. There are two 

thin layers of medium to coarse sand with gravel in the lower part. 

The resistivity logs show good agreement with the facies changes. The resistivity values in A 

formation are high in the middle part and low in the upper and in the lower parts. The values in 
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B and C formations are generally high. D and E formations have relatively lower values of 

resistivity than that of C formation. In each formation, the resistivity values decrease with depth, 

indicating sedimentation cycle from fine sediments to coarse sediments in ascending order. The 

natural ��values generally ranges between 10 and 30 cps. In A formation, the natural ��values are 

high in the upper part and in the lower part where the grain size of the sediments is finer. In B 

formation, the values are less than 20 cps except in the middle portion of the formation. In C 

formation, there are several high peaks of natural ��values exceeding 30 cps. The range of 

variation of the natural ��values in D and E formations is greater than that of upper formations. 

The average values tend to decrease with depth in D and E formations, however, there are 

several high peaks exceeding 30 cps. The SP values increase with depth from A to C formations. 

In D and E formations, sharp drops of SP values are found in the lower part of each formation. 

 

f. JH-KC Site [Krishna Chandrapur, Moheshpur upazila] (see Figure 5.2.19) 

The geologic columnar section was made based on the observation of core boring samples. A 

formation occurs at depths from 0 to 30 m. The formation consists mainly of very fine sand. 

There are two (2) clayey layers in the formation. A sandy silt layer occurs at the top with a 

thickness of 4.64 m. Another thin clay layer is found at depth from 25.67 to 26.59 m. B 

formation occurs at depths from 30 to 99.78 m. The formation can be subdivided into the upper 

part and lower part. The upper part is comprised of a very fine to fine sand layer, a fine sand 

layer, a fine to medium sand layer, and a fine sand layer in ascending order. The lower part 

consists of fine to medium sand layers and a medium sand layer. C formation occurs at depths 

from 99.78 to 195 m. In the formation, thick gravelly layers are developed in the upper part and 

in the lower part. The middle part of the formation is composed of fine to medium sand layers 

and medium sand layers. D formation is composed of fine sediments in contrast to C formation. 

Alternating layers of silt and very fine sand are dominant. There is a clayey silt layer at depths 

from 210.33 to 220 m. E formation occurring below 224 m in depth also consists of fine 

sediments. Alternation of silt and very fine sand layers is dominant at depths from 224 to 255.52 

m and 274.86 to 300 m. In between, there is a thick silt layer with a thickness of 19.34 m. 

At the site, geophysical logging was carried out only up to a depth of 115 m, because the 

gravelly layer at depths from 107 to 121 m always collapsed and it was difficult to maintain the 

borehole. The resistivity values in A and B formation increase with depth. The natural ��values 

generally range between 15 and 25 cps. The top sandy silt layer has a maximum natural ��value 

of 40 cps. There is a sharp peak of natural ��value exceeding 60 cps in B formation. The SP 

values tend to increase with depth in A formation and decrease in B formation. There are two (2) 

clear peaks of SP values at fine sediments in A formation. 
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g. JS-1 Site [Ghop, Jessore Pourashava] (see Figure 5.2.20) 

The geologic columnar section was made based on the observation of cutting samples. A 

formation occurs at depths from 0 to 44 m. The upper part of the formation consists mainly of 

very fine to fine sand layers. The lower part is composed of silt, clay and silty, very fine sands. 

There are three clayey layers in the formation, occurring at depths from 1 to 4 m, 24 to 25 m, 

and 34 to 44 m. B formation occurs at depths from 44 to 104 m. The facies of the formation is 

characterized by fine to medium sand in the upper part and in the lower part, and medium sand 

in the middle part. C formation occurs at depths from 104 to 219 m. The main facies is medium 

to coarse sand with gravel. D formation occurs at depths from 219 to 258 m. The upper part of 

the formation consists of finer sediments such as fine sand and fine to medium sand with silt 

layers. There is a thin sandy silt layer at depths from 226 to 227 m. The lower part shows 

gravelly facies. E formation occurs below a depth of 258 m. The upper part from 258 to 283 m 

mainly consists of gravelly layers. On the other hand, the lower part is composed of silty sand 

layers. 

The resistivity values of A to C formations generally range from 20 to 40 �-m, which are 

smaller than that in Chuadanga and Jhenaidah. The resistivity values in D and E formations are 

smaller, ranging between 10 and 30 �-m. The natural ��values are higher in A formation, 

ranging between 10 to 35 cps. The values of B to E formations range from 10 to 20 cps in 

general. The upper part of E formation has higher natural ��values ranging from 15 to 30 cps. 

The SP values increase with depth from A formation to the middle part of B formation. The SP 

value suddenly increases at the boundary of the middle part and the lower part of B formation. 

Then the values decrease with depth in C formation. From the lower part of C formation, the SP 

values again increase and become almost stable in D and E formations. 

 

h. JS-2 Site [Kharki, Jessore Pourashava] (see Figure 5.2.21) 

The geologic columnar section was made based on the observation of core boring samples. A 

formation occurs at depths from 0 to 40.6 m. The facies of A formation is characterized by clay 

with peat in the upper part and very fine to fine sand in the lower part. The upper clayey layer 

has a thickness of 20 m in which a peat layer is found at depths from 8.4 to 10.9 m. There is 

another clayey layer at depths from 29.58 to 30.4 m. B formation occurs at depth from 40.6 to 

105 m. The upper part is dominated by medium sand layers and the lower part consists mainly 

of fine to medium sand. C formation occurs at depths from 105 to 216 m. The formation mainly 

consists of gravelly layers, which are several intercalated fine sand layers. The size of gravel 

tends to increase with depth. There are two very thin clayey layers at depths of 138 and 159 m. 

The gravel layer at depths from 200 to 216 m unconformably overlies D formation. D formation 

occurs at depths from 216 to 256 m. The upper part consists of a clayey layer with a thickness of 

24 m. The lower part mainly consists of clayey layers. E formation occurs below a depth of 256 
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m. The formation mainly consists of fine to medium sand layers. There is a medium sand layer 

and a clayey silt layer at depths from 265 to 269 m and from 285 to 287 m, respectively. 

The resistivity logs indicate that the layers up to a depth of 30 m are affected by saline water 

because the resistivity values are very small. Below the clayey layers in the lower part of A 

formation, the resistivity values coincides the lithologic facies. Particularly, the gravelly layers 

at the bottom of C formation and D formation have more than 50 �-m in short normal logging. 

On the other hand, the clayey layers in the upper part of D formation have low resistivity below 

20 �-m. The natural ��values generally range between 15 and 25 cps. The clayey formations in 

A formation and in the upper part of D formation have greater values in natural �. The SP values 

in A formation where the layers are considered to be affected by saline water irregularly 

fluctuated. The SP values of B and C formations are almost stable. The values slightly decrease 

with depth in D and E formations. 

 

i. JS-RB Site [Rajnagar Bankabarsi, Keshabpur upazila] (see Figure 5.2.22) 

The geologic columnar section was made based on the observation of core boring samples. The 

lithologic facies at the site is quite different from other drilling sites. A formation occurs at 

depths from 0 to 49 m. The facies of A formation is clayey in the upper part and very fine to fine 

sand in the lower part. Clayey layers with a peat layer occur at depths from 5 to 13 m. The 

thickness of the peat layer is 1.84 m. B formation occurs at depths from 49 to 90.3 m. The 

formation consists mainly of fine sand and fine to medium sand layers. There is a medium to 

coarse sand layer at depths 66 to 72 m. C formation occurs at depths from 90.3 to 232 m. The 

layers up to a depth of 219 m are clayey. Fine to coarse sandy layers occur only in the lower part 

of C formation. D formation occurs at depths from 232 to 253.56 m. The formation mainly 

consists of silty, very fine sand and alternation of silt and very fine sand layers. There is a thin 

fine to medium sand layer with a thickness of 1.82 m. E formation occurs below a depth of 

253.56 m. The formation consists of clayey silt and silt layers. 

The resistivity logs indicate that A formation and B formation is affected by saline water, 

showing very low and smooth resistivity curves below 20 �-m. The resistivity values in C 

formation increase with depth, showing a good agreement with facies change. The resistivity of 

sandy layers in the lower part of C formation and D formation is about 40 �-m. The natural 

��values in A formation take a wide range of variation from 10 to 40 cps. The clayey layers with 

peat have relatively higher natural ��values. Then the values tend to decrease with depth. 

However, the natural ��values at the bottom of A formation exceed 40 cps. The average values of 

natural ���in B formation is below 20 cps. The boundary of B and C formation is very clear from 

the natural ��values. The values in C formation range from 20 to 35 cps. The values in D and E 

formation range from 20 to 40 cps. The SP values from A formation to the middle of C 
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formation decrease with depth. Then the values increase with depth up to a depth of 300 m. 

 

3) Casing Program 
The casing program is very important for observation wells and observation holes to define the 

target aquifers as well as to separate the target aquifer from other aquifers. The casing program 

was designed based on the observation of core samples, results of borehole geophysical logging, 

observation of cutting samples, and drilling records. The casing program was determined by the  

well supervisor and the hydrogeologists of the study team. The well/borehole depth and screen 

depth with the geologic columnar section and resistivity logs are in Figures 5.2.23 to 5.2.31. The 

detailed casing program and well structures are shown in Figures 5.2.32 to 5.2.40. 

 

 

a. CH-1 Site [Poshu Hat, Chuadanga Pourashava] (see Figures 5.2.23 and 5.2.32) 

For the observation well (Ch-1), the drilling was performed up to a depth of 300 m. The well 

depth was fixed at 27 m based on the decision made from the cutting samples and geophysical 

logging. The screen pipes were installed at depths from 212.5 to 268 m. The screen pipes were 

set at 6 portions in the depths. The total length of the screen is 19.5 m. After installing the casing 

pipes and screen pipes, gravel packing and cement packing etc. were made. At first, gravel 

packing was made from the bottom of the drilled hole up to a depth of 207.5 m. Above the 

gravel packing, sand packing and bentonite packing were made. Then clay was put up to a depth 

of 170 m. To prevent seepage from the upper aquifer, cement packing was made at depths from 

170 to 165 m. Above the cement packing, the space between the drilled hole and casing pipes 

was filled with clay packing from 165 to 45 m in depth. The second cement packing was made 

at depths from 45 to 38 m. Then clay was filled from 38 to 2 m. Finally clay cement packing 

was made at depths from 2 to 0 m to prevent contamination from the ground surface. 

Four observation holes were drilled around the observation well. The depths of the observation 

holes are 63 m for Ch-1-1 hole, 118 m for Ch-1-2 hole, 168 m for Ch-1-3 hole, and 300 m for 

Ch-1-4 hole. Screen pipes were installed at depths from 54 to 60 m in Ch-1-1 hole, 100 to 112 m 

in Ch-1-2 hole, 150 to 162 m in Ch-1-3 hole, and 228 to 294 m in Ch-1-4 hole. A single screen 

structure was employed in the holes of Ch-1-1 to Ch1-3. Screen pipes were set at six (6) 

portions in Ch-1-4 hole. The total length of screen is 6 m in Ch-1-1 hole, 12 m in Ch-1-2 and 

Ch-1-3 holes, and 18 m in Ch-1-4 hole. The screen portions were filled with gravel packing, 

then sand packing and bentonite packing were made. At each observation hole, cement packing 

was made at the surface portion and at depths from 40 to 45 m. In addition, another cement 

packing was made from 165 to 170 m in Ch-1-4 hole. The rest of the portions above the 

bentonite packing were filled with clay. 
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b. CH-2 Site [Girls College, Chuadanga Pourashava] (see Figures 5.2.24 and 5.2.33) 

For the observation well (Ch-2), the drilling was performed up to a depth of 303 m, and then it 

was decided that the well depth would be 298.5 m. The screen pipes were installed at depths 

from 270 to 295.5 m. The screen pipes were set at 2 portions: from 270 to 283 m and from 289 

to 295.5 m. The total length of the screen is 19.5 m. After installing the casing pipes and screen 

pipes, gravel packing and cement packing etc. were made. 

Four observation holes were drilled around the observation well. The depths of the observation 

holes are 56.5 m for Ch-2-1 hole, 109 m for Ch-2-2 hole, 152.5 m for Ch-2-3 hole, and 299.5 m 

for Ch-2-4 hole. Screen pipes were installed at depths from 44.5 to 53.5 m in Ch-2-1 hole, 97 to 

106 m in Ch-2-2 hole, 122.5 to 149.5 m in Ch-2-3 hole, and 272.5 to 296.5 m in Ch-2-4 hole. A 

single screen structure was employed in the holes of Ch-1-1 to Ch1-2 and a double screen 

structure was employed in Ch-2-3 and Ch-2-4 holes. The total length of the screen is 9 m in 

Ch-2-1 and Ch-2-2 holes, 12 m in Ch-2-3 hole, and 15 m in Ch-2-4 hole. The screen portions 

were filled with gravel packing, then sand packing and bentonite packing were made. 

 

c. CH-BD Site [Bara Dudpatila, Damurhuda Upazila] (see Figures 5.2.25 and 5.2.34) 

In Bara Dudpatila village, a core boring was drilled up to a depth of 300 m. After the core 

boring, the drilled hole was enlarged and screen pipes and casing pipes were installed to use the 

borehole as an observation hole. 

The screen pipes were installed at depths from 264 to 276 m and 294 to 296 m. The total length 

of the screen is 15 m. The gravel packing was made from 252 to 300 m. Then, sand packing 

(250 to 252 m), bentonite packing (248 to 250 m), clay packing (236 to 248 m), and cement 

packing (230 to 236 m) were performed. Above the cement packing, clay was filled from 230 to 

2 m in depth. Finally, surface cement packing was made. 

 

d. JH-1 Site [Arabpur, Jhenaidah Pourashava] (see Figures 5.2.26 and 5.2.35) 

For the observation well (Jh-1), the drilling was performed up to a depth of 296 m. The well 

depth was fixed at 292.5 m based on the decision made from the core observation and 

geophysical logging. The screen pipes were installed at depths from 251.5 to 289 m. The screen 

pipes were set at four (4) portions in the depths. The total length of the screen is 19.5 m. After 

installing the casing pipes and screen pipes, gravel packing and cement packing etc. were made. 

At first, gravel packing was made from the bottom of the drilled hole up to a depth of 244 m. 

Above the gravel packing, sand packing and bentonite packing were made. After the cement 

packing at depths from 230 to 235 m, clay was put up to a depth of 72 m. The second cement 

packing was made at depths from 68 to 72 m. Then clay was again filled from 68 to 2 m. Finally 

clay cement packing was made at depths from 2 to 0 m to prevent contamination from the 

ground surface. 
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Four observation holes were drilled around the observation well. The depths of the observation 

holes are 60 m for Jh-1-1 hole, 123 m for Jh-1-2 hole, 165 m for Jh-1-3 hole, and 282 m for 

Jh-1-4 hole. Screen pipes were installed at depth from 48 to 57 m in Jh-1-1 hole, 108 to 120 m 

in Jh-1-2 hole, 150 to 162 m in Jh-1-3 hole, and 261 to 279 m in Jh-1-4 hole. A single screen 

structure was employed in the holes of Jh-1-1 to Jh1-3. Screen pipes were set at two (2) portions 

in Jh-1-4 hole. The total length of the screen is 9 m in Jh-1-1 hole and 12 m in Jh-1-2, Jh-1-3 

and Jh-1-4 holes. The screen portions were filled with gravel packing, then sand packing and 

bentonite packing were made. At each observation hole, cement packing was made at the 

surface portion and at depths from 30 to 34 m for Jh-1-1 hole and from 40 to 45 m for the rest. 

In addition, another cement packing was made from 133 to 138 m in Jh-1-3 hole and from 230 

to 235 m in Jh-1-4 hole. The rest of the portions above the bentonite packing were filled with 

clay. 

 

e. JH-2 Site [Hamdah, Jhenaidah Pourashava] (see Figures 5.2.27 and 5.2.36) 

For the observation well (Jh-2), the drilling was performed up to a depth of 302 m. The well 

depth was fixed at 301 m based on the decision made from the observation of cutting samples 

and geophysical logging. The screen pipes were installed at depths from 257.5 to 298 m. The 

screen pipes were set at three (3) portions in the depths. The total length of the screen is 19.5 m. 

After installing the casing pipes and screen pipes, gravel packing and cement packing etc. were 

made. At first, gravel packing was made from the bottom of the drilled hole up to a depth of 250 

m. Above the gravel packing, sand packing and bentonite packing were made. After the cement 

packing at depths from 234 to 239 m, clay was put up to a depth of 73 m. The second cement 

packing was made at depths from 68 to 73 m. Then clay was again filled from 68 to 2 m. Finally 

clay cement packing was made at depths from 2 to 0 m to prevent contamination from the 

ground surface. 

Four observation holes were drilled around the observation well. The depths of the observation 

holes are 60 m for Jh-2-1 hole, 111 m for Jh-2-2 hole, 165 m for Jh-2-3 hole, and 273 m for 

Jh-2-4 hole. Screen pipes were installed at depth from 48 to 57 m in Jh-2-1 hole, 96 to 108 m in 

Jh-2-2 hole, 150 to 162 m in Jh-2-3 hole, and 258 to 270 m in Jh-2-4 hole. A single screen 

structure was employed in the holes of Jh-2-1 to Jh-2-4. The total length of the screen is 9 m in 

Jh-2-1 hole and 12 m in Jh-2-2, Jh-2-3 and Jh-2-4 holes. The screen portions were filled with 

gravel packing, then sand packing and bentonite packing were made. At each observation hole, 

cement packing was made at the surface portion and at depths from 28 to 32 m for Jh-2-1 hole 

and from 68 to 73 m for the rest. In addition, another cement packing was made from 129 to 134 

m in Jh-2-3 hole and from 234 to 239 m in Jh-2-4 hole. The rest of the portions above the 

bentonite packing were filled with clay. 
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f. JH-KC Site [Krishna Chandrapur, Moheshpur Upazila] (see Figures 5.2.28 and 5.2.37) 

In Krishna Chandrapur village, a core boring was drilled up to a depth of 300 m. After the core 

boring, the drilled hole was enlarged and screen pipes and casing pipes were installed to use the 

borehole as an observation hole. 

The screen pipes were installed at depths from 267 to 270 m, 276 to 282 m, and 288 to 297 m. 

The total length of the screen is 18 m. The gravel packing was made from 261 to 301.9 m. Then, 

sand packing (259 to 261 m), bentonite packing (255 to 257 m), clay packing (252 to 255 m), 

and cement packing (247 to 252 m) were performed. Above the cement packing, clay was filled 

from 247 to 2 m in depth. Finally surface cement packing was made. 

 

g. JS-1 Site [Ghop, Jessore Pourashava] (see Figures 5.2.29 and 5.2.38) 

For the observation well (Js-1), the drilling was performed up to a depth of 301 m. The well 

depth was fixed at 280.5 m based on the decision made from the observation of cutting samples 

and geophysical logging. The screen pipes were installed at depths from 261 to 274 m. The 

screen pipes were set at only one (1) portion. The total length of the screen is 13 m. After 

installing the casing pipes and screen pipes, gravel packing and cement packing etc. were made. 

At first, gravel packing was made from the bottom of the drilled hole up to a depth of 256 m. 

Above the gravel packing, sand packing and bentonite packing were made. After the cement 

packing at depths from 223 to 228 m, clay was put up to a depth of 44 m. The second cement 

packing was made at depths from 39 to 44 m. Then clay was again filled from 39 to 2 m. Finally 

clay cement packing was made at depths from 2 to 0 m to prevent contamination from the 

ground surface. 

Four observation holes were drilled around the observation well. The depths of the observation 

holes are 66 m for Js-1-1 hole, 120 m for Js-1-2 hole, 168 m for Js-1-3 hole, and 282 m for 

Js-1-4 hole. Screen pipes were installed at depth from 54 to 63 m in Js-1-1 hole, 105 to 117 m in 

Js-1-2 hole, 153 to 165 m in Js-1-3 hole, and 261 to 276 m in Js-1-4 hole. A single screen 

structure was employed in all the holes from Js-1-1 to Js-1-4. The total length of the screen is 9 

m in Js-1-1 hole, 12 m in Js-1-2 and Js-1-3 holes, and 15 m in Js-1-4 holes. The screen portions 

were filled with gravel packing, then sand packing and bentonite packing were made. At each 

observation hole, cement packing was made at the surface portion and at depths from 39 to 44 

m. In addition, another cement packing was made from 89 to 94 m in Js-1-2 hole, from 129 to 

134 m in Js-1-3 hole, and from 223 to 228 m in Js-1-4 hole. The rest of the portions above the 

bentonite packing were filled with clay. 

 

h. JS-2 Site [Kharki, Jessore Pourashava] (see Figures 5.2.30 and 5.2.39) 

For the observation well (Js-2), the drilling was performed up to a depth of 270 m. The well 

depth was fixed at 261.75 m based on the decision made from the observation of core samples 
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and geophysical logging. The screen pipes were installed at depths from 239.5 to 255.75 m. The 

screen pipes were set at only one (1) portion. The total length of the screen is 16.25 m. After 

installing the casing pipes and screen pipes, gravel packing and cement packing etc. were made. 

At first, gravel packing was made from the bottom of the drilled hole up to a depth of 236 m. 

Above the gravel packing, sand packing and bentonite packing were made. After the cement 

packing at depths from 220 to 225 m, clay was put up to a depth of 35 m. The second cement 

packing was made at depths from 30 to 35 m. Then clay was again filled from 30 to 2 m. Finally, 

clay cement packing was made at depths from 2 to 0 m to prevent contamination from the 

ground surface. 

Four observation holes were drilled around the observation well. The depths of the observation 

holes are 66 m for Js-2-1 hole, 114 m for Js-2-2 hole, 162 m for Js-2-3 hole, and 255 m for 

Js-2-4 hole. Screen pipes were installed at depth from 54 to 63 m in Js-2-1 hole, 99 to 111 m in 

Js-2-2 hole, 147 to 159 m in Js-2-3 hole, and 240 to 252 m in Js-2-4 hole. A single screen 

structure was employed in all the holes from Js-2-1 to Js-2-4. The total length of the screen is 9 

m in Js-2-1 hole and 12 m in Js-2-2, Js-2-3, and Js-2-4 holes. The screen portions were filled 

with gravel packing, then sand packing and bentonite packing were made. At each observation 

hole, cement packing was made at the surface portion and at depths from 30 to 35 m except 

Js-2-2 hole. In addition, another cement packing was made from 85 to 90 m in Js-2-2 hole, from 

134 to 139 m in Js-2-3 hole, and from 220 to 225 m in Js-2-4 hole. The rest of the portions 

above the bentonite packing were filled with clay. 

 

i. JS-RB Site [Rajnagar Bankabarsi, Keshabpur Upazila] (see Figures 5.2.31 and 5.2.40) 

In Rajnagar Bankabarsi village, a core boring was drilled up to a depth of 300 m. After the core 

boring, the drilled hole was enlarged and screen pipes and casing pipes were installed to use the 

borehole as an observation hole. 

The screen pipes were installed at depths from 222 to 228 m, 231 to 234 m, 240 to 243 m, and 

252 to 258 m. The total length of the screen is 18 m. The gravel packing was made from 217 to 

263 m. Then, sand packing (215 to 217 m), bentonite packing (213 to 215 m), clay packing (202 

to 213 m), and cement packing (197 to 202 m) were performed. Above the cement packing, clay 

was filled from 202 to 2 m in depth. Finally surface cement packing was made. 
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5.3 Pumping Test 
5.3.1 Purpose of Pumping Test 
A pumping test was performed at newly constructed observation wells/holes by the study. One 

of the main objectives of performing the pumping test is to obtain aquifer parameters such as 

transmissivity and the storage coefficient of the deep aquifers in the study area, because so far 

there are very limited data for evaluating aquifer characteristics not only of the deep aquifers but 

also of the shallow aquifers. The pumping test can also provide important information on the 

possibility and degree of vertical movement of groundwater at the site by measuring drawdowns 

in the pumped aquifer and other aquifers. If the decline in the groundwater level is generated in 

an upper aquifer when the groundwater of a lower aquifer is pumped, it is judged that 

groundwater of the upper aquifer is hydraulically connected with the lower aquifer and the 

shallow water moves downward towards the center of the piezometric head depression. 

In addition, the well loss coefficient and aquifer loss coefficient can be obtained by the 

step-drawdown pumping test. The well efficiency can be evaluated from the results of 

step-drawdown test. The result of step-drawdown test can help design a suitable operation plan 

of the future-production well. 

During the pumping test in the study, arsenic levels as well as other water quality parameters 

were monitored in the field and in the laboratory. The results of the water quality measurements 

can provide important information on changes in water quality by pumping. Further, the result 

of the measurements could provide useful information on the mechanism of groundwater 

contamination by arsenic and the movement of contaminated water. 

 

5.3.2 Methodology 
The pumping test was performed at each observation well/hole after cleaning the well/hole. For 

the observation deep well, which can be used for a production well in future, the well 

development using an air-lift pump was performed to remove muddy water and mud cake in and 

around the borehole. The well development was continued until the pumped water became clean. 

Similarly, the well development of the observation holes was performed by the air-lift pump.  

For the deep observation wells, three (3) kind of pumping tests viz. a step-drawdown test, 

continuous pumping test and recovery test, were carried out. The changes in groundwater level 

were measured not only in the pumped well but also in the surrounding four (4) observation 

holes having different well depths. 

For the observation holes, a continuous pumping test and a recovery test were performed. The 

drawdown was measured in the pumped hole. 
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1) Pumping Test at Observation Wells 

a. Step-Drawdown Test 

The step-drawdown test was conducted prior to the continuous pumping test. Ten (10) steps 

with pumping duration of two (2) hours for each step were conducted in each step-drawdown 

test. In the first five (5) steps, the pumping rate was step-wise increased. The total pumping time 

is 20 hours. 

During the step-drawdown test, groundwater samples for measuring arsenic level were collected. 

Following parameters were also measured at each sampling time in the field: 

Water temperature, pH, ORP, EC 

As (by Field Kit), Fe (by Pack Test Kit) 

 

b. Continuous Pumping Test 

After the declined groundwater level by the step-drawdown test was fully recovered, the 

continuous pumping test was carried out. The duration of pumping is 48 hours. The pumping 

rate was decided based on the result of the step-drawdown test. 

The changes in groundwater levels were measured at the pumped well and the four (4) 

observation holes. 

During the continuous pumping test, groundwater samples for measuring arsenic level were 

collected. The following parameters were also measured at each sampling time in the field: 

Water temperature, pH, ORP, EC 

As (by Field Kit), Fe (by Pack Test Kit) 

 

c. Recovery Test 

The recovery test was started just after the continuous pumping test. The recovery of the 

groundwater level was measured as the residual drawdown. The duration of the recovery test is 

12 hours. 

The recoveries of the groundwater level were measured in the pumped well and the four (4) 

observation holes. 

 

2) Pumping Test at Observation Holes 
At each drilling site in Pourashava areas, 4 observation holes were constructed to investigate 

groundwater conditions and aquifer characteristics in aquifers of different depths. Although the 

diameter of observation holes is only three (3) inches, a small diameter submersible pump was 

inserted in the holes and then the drawdown test and recovery test were performed. 

The durations of the drawdown test and the recovery test were three (3) hours and one (1) hour, 

respectively. During the drawdown test, groundwater samples for measuring arsenic level were 

collected. The following parameters were also measured at each sampling time in the field: 
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Water temperature, pH, ORP, EC 

As (by Field Kit), Fe (by Pack Test Kit) 

 

5.3.3 Results of Step-Drawdown Test 
The results of the step-drawdown test at the deep observation wells are summarized in Table 

5.3.1. The specific capacity value of each step was obtained from the test, and then the aquifer 

loss coefficient (B) and well loss coefficient (C) were computed. The well efficiency of each 

observation well was also calculated. 

 

1) Ch-1 Well [CH-1 site, Poshu Hat, Chuadanga Pourashava] 
Figure 5.3.1 shows the results of the step-drawdown test at Ch-1 well. The maximum pumping 

rate was 4,320 m3/day, which caused a drawdown of 18.15 m. The values of specific capacity 

(Sc) range from 229.8 to 328.4 m2/day. The aquifer loss coefficient (B) and well loss coefficient 

(C) are calculated as 3.30E-03day/m2 and 2.47E-03day2/m5, respectively. The average well 

efficiency is computed as 84.68%. The Discharge - Drawdown graph (Q - s curve) shows that 

the curve during decreasing Q is similar to that of increasing Q. 

 

2) Ch-2 Well [CH-2 site, Girls College, Chuadanga Pourashava] 
Figure 5.3.2 shows the results of the step-drawdown test at Ch-2 well. The maximum pumping 

rate was 259.2 m3/day, which caused a drawdown of 24.80 m. The values of specific capacity 

(Sc) range from 10.1 to 20.7 m2/day. The aquifer loss coefficient (B) and well loss coefficient 

(C) are calculated as 4.73E-02 day/m2 and 1.88E-04 day2/m5, respectively. The average well 

efficiency is computed as 56.68%. Although the test was affected by unavoidable electricity 

failure, the Discharge - Drawdown graph (Q - s curve) shows almost a straight line. 

 

3) Jh-1 Well [JH-1 site, Arabpur, Jhenaidah Pourashava] 
Figure 5.3.3 shows the results of the step-drawdown test at Jh-1 well. The maximum pumping 

rate was 86.4 m3/day, which caused a drawdown of 40.78 m. The values of specific capacity 

(Sc) range from 2.1 to 3.1 m2/day. The aquifer loss coefficient (B) and well loss coefficient (C) 

are calculated as 2.75E-01 day/m2 and 2.49E-03 day2/m5, respectively. The average well 

efficiency is computed as 67.09%. The Discharge - Drawdown graph (Q - s curve) shows that 

the slope of the curve during decreasing Q is slightly gentler than that of increasing Q. 

 

4) Jh-2 Well [JH-2 site, Hamdah, Jhenaidah Pourashava] 
Figure 5.3.4 shows the results of the step-drawdown test at Jh-2 well. The maximum pumping 

rate was 217.0 m3/day, which caused a drawdown of 29.74 m. The values of specific capacity 

(Sc) range from 7.3 to 10.5 m2/day. The aquifer loss coefficient (B) and well loss coefficient (C) 
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are calculated as 7.93E-02 day/m2 and 2.67E-04 day2/m5, respectively. The average well 

efficiency is computed as 66.71%. The Discharge - Drawdown graph (Q - s curve) shows that 

the slope of the curve during decreasing Q is slightly gentler than that of increasing Q. 

 

5) Js-1 Well [JS-1 site, Ghop, Jessore Pourashava] 
Figure 5.3.5 shows the results of the step-drawdown test at Js-1 well. The maximum pumping 

rate was 1901.6 m3/day, which caused a drawdown of 21.63 m. The values of specific capacity 

(Sc) range from 86.5 to 113.6 m2/day. The aquifer loss coefficient (B) and well loss coefficient 

(C) are calculated as 7.13E-03 day/m2 and 2.04E-06 day2/m5, respectively. The average well 

efficiency is computed as 70.94%. The Discharge - Drawdown graph (Q - s curve) shows that 

the slope of the curve during decreasing Q is almost the same as that of increasing Q. 

 

6) Js-2 Well [JS-2 site, Kharki, Jessore Pourashava] 
Figure 5.3.6 shows the results of the step-drawdown test at Js-2 well. The maximum pumping 

rate was 228.5 m3/day, which caused a drawdown of 21.56 m. The values of specific capacity 

(Sc) range from 10.1 to 15.7 m2/ day. The aquifer loss coefficient (B) and well loss coefficient 

(C) are calculated as 7.04E-02 day/m2 and 1.08E-04 day2/m5, respectively. The average well 

efficiency is computed as 81.84%. The Discharge - Drawdown graph (Q - s curve) shows that 

the slope of the curve during decreasing Q is clearly gentler than that of increasing Q. 

 

5.3.4 Results of Continuous Pumping Test 
The results of the continuous pumping test at the deep observation wells are summarized in 

Table 5.3.2. The values of transmissivity (T) and storage coefficient (S) were obtained by the 

Cooper-Jacob method (Cooper and Jacob, 1946). For the analysis, two (2) kinds of drawdown 

data were used; one is the drawdown in the pumped well and the other is the drawdown in the 

deepest observation hole, which tapped the same aquifer from which the pumped well extracted 

the groundwater. 

 

1) Ch-1 Well [CH-1 site, Poshu Hat, Chuadanga Pourashava] 
Figure 5.3.7 shows the results of the continuous pumping test at Ch-1 well. The test was carried 

out with a constant discharge rate of 4,320 m3/day. In the pumped well, the groundwater level 

irregularly fluctuated due to the surrounding pumpage at existing wells. The drawdown ranged 

from 16.7 to 17.4 m. Therefore, the values of transmissivity (T) and storage coefficient (S) 

cannot be computed. 

In the deepest observation hole (Ch-1-4 hole), an almost straight drawdown curve appeared for 

a period from 10 to 2,500 minutes after pumping began. The maximum drawdown was 0.526 m. 

From the fitted line, the values of T and S are computed as 16,264 m2/day and 3.04E-08, 
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respectively. 

In the other observation holes, slight drawdowns were observed for a period from 30 to 1,000 

minutes after pumping started. The amounts of drawdowns are 7.4cm in Ch-1-1 hole, 6.8cm in 

Ch-1-2 hole, and 9.5cm in Ch-1-3 hole. 

 

2) Ch-2 Well [CH-2 site, Girls College, Chuadanga Pourashava] 
Figure 5.3.8 shows the results of continuous pumping test at Ch-2 well. The test was carried out 

with a constant discharge rate of 239.3 m3/day. In the pumped well, the groundwater level 

declined at a relatively higher rate until 30 minutes after pumping started. After reaching a 

drawdown of 22 m, the declining rate decreased and the curve shows a straight line on the 

semi-log plot. The final drawdown was 22.838 m. From the fitted line, the values of T and S are 

computed as 16,264 m2/day and 3.04E-08, respectively. 

In the deepest observation hole (Ch-2-4 hole), an almost straight drawdown curve appeared for 

a period from 10 to 800 minutes after pumping began. The maximum drawdown was 0.143 m. 

After 800 minutes, the groundwater level started to fluctuate with a range of 5cm. If it is 

assumed that the decline of groundwater level was caused by the pumping from Ch-1 well, the 

values of T and S are computed as 736.6 m2/day and 8.97E-02, respectively. 

In the other observation holes, the groundwater levels declined about 10cm from 20 to 500 

minutes after pumping started. However, the levels rose about 10cm from 500 to 1,300 minutes. 

It is noted that the patterns of groundwater level changes in Ch-2-1 to Ch-2-3 holes are almost 

the same, indicating that the fluctuations are caused not by the pumping from Ch-1 well but by 

the pumpage of other exiting wells. 

 

3) Jh-1 Well [JH-1 site, Arabpur, Jhenaidah Pourashava] 
Figure 5.3.9 shows the results of the continuous pumping test at Jh-1 well. The test was carried 

out with a constant discharge rate of 80.7 m3/day. In the pumped well, the groundwater level 

declined at a relatively higher rate until 200 minutes after pumping started. After reaching a 

drawdown of 31 m, the declining rate decreased and the curve shows an almost horizontal 

straight line on the semi-log plot. The drawdown curve shows a leaky type of aquifer. The final 

drawdown was 31.928 m. From the fitted line from 10 to 200 minutes, the values of T and S are 

computed as 0.69 m2/day and 2.24E-01, respectively. 

In the observation holes, the groundwater levels irregularly fluctuated but the range of 

fluctuation was within 3cm. The groundwater level in Jh-1-4 hole tends to decline from 50 to 

1,500 minutes. Although it is rather hard to identify whether the declining portion was caused 

by the pumping test, the values of T and S are computed as 1,439 m2/day and 4.32E-01, 

respectively from the fitted line. 
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4) Jh-2 Well [JH-2 site, Hamdah, Jhenaidah Pourashava] 
Figure 5.3.10 shows the results of the continuous pumping test at Jh-2 well. The test was carried 

out with a constant discharge rate of 199.38 m3/day. In the pumped well, the groundwater level 

declined at a relatively higher rate until 50 minutes after pumping started. After reaching a 

drawdown of 30 m, the declining rate decreased and the curve shows an almost horizontal 

straight line on the semi-log plot. The drawdown curve shows a leaky type of aquifer. The final 

drawdown was 30.538 m. From the fitted line from 3 to 50 minutes, the values of T and S are 

computed as 1.81 m2/day and 1.33E-01, respectively. 

In the deepest observation hole (Jh-2-4), a slight drawdown can be identified from 5 to 150 

minutes after pumping started. The maximum drawdown is 6.3cm. For this period, the 

groundwater levels in the other observation holes remain stable. From the fitted line, the values 

of T and S are computed as 1,115 m2/day and 8.16E-02, respectively. After 150 minutes, 

groundwater levels in all the observation holes started to rise showing similar changing patterns. 

 

5) Js-1 Well [JS-1 site, Ghop, Jessore Pourashava] 
Figure 5.3.11 shows the results of the continuous pumping test at Js-1 well. The test was carried 

out with a constant discharge rate of 1910.8 m3/day. In the pumped well, the groundwater level 

suddenly declined at 23 m within 10 minutes after pumping started. Then the drawdown curve 

shows to be almost flat. Compared with the groundwater levels in the observation holes, it is 

judged that the drawdown curve in the pumped well was affected by the pumpage of the 

surrounding wells. The maximum drawdown was 23.176 m. Although it is rather difficult to 

find a reliable straight portion on the semi-log plot, the values of T and S are computed as 54.1 

m2/day and 5.66E-03, respectively from the fitted line. 

In the deepest observation holes, the groundwater levels in holes Js-1-1 to Js-1-3 have almost 

the same patterns of fluctuations. These groundwater levels started to rise after 100 minutes. In 

the Js-1-4 observation hole, the drawdown was identified until 100 minutes after pumping 

started. The maximum drawdown was 0.677 m. From the straight portion of the drawdown 

curve, the values of T and S are computed as 6,643 m2/day and 2.95E-12, respectively. 

 

6) Js-2 Well [JS-2 site, Kharki, Jessore Pourashava] 
Figure 5.3.12 shows the results of the continuous pumping test at Js-2 well. The test was carried 

out with a constant discharge rate of 206.7 m3/day. In the pumped well, the groundwater level 

declined at a relatively higher rate until 50 minutes after pumping started. Then the declining 

rate decreased and showed a straight portion until 2,880 minutes. The final drawdown was 

22.776 m. From the fitted line, the values of T and S are computed as 34.0 m2/day and 1.25E-17, 

respectively. 

In the observation holes, a clear drawdown was observed in Js-2-4 hole, which tapped the same 
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aquifer. However, no drawdown was observed in the rest. The maximum drawdown in Js-2-4 

well was 1.152 m. From the straight portion of the drawdown curve, the values of T and S are 

computed as 56.4 m2/day and 5.54E-03, respectively. 

 

5.3.5 Results of Recovery Test 
The results of the recovery test at the observation deep wells are also summarized in Table 5.3.2. 

The value of transmissivity (T) was obtained by the recovery method using the residual 

drawdown curve on the semi-log plot. For the analysis, two (2) kinds of residual drawdown data 

were used; one is the residual drawdown in the pumped well and the other is the residual 

drawdown in the deepest observation hole, which tapped the same aquifer from which the 

pumped well extracted the groundwater.  

 

1) Ch-1 Well [CH-1 site, Poshu Hat, Chuadanga Pourashava] 
Figure 5.3.13 shows the results of the recovery test at Ch-1 well. The test was carried out just 

after the 2,880 minute continuous pumping test with a constant discharge rate of 4,320 m3/day. 

In the pumped well, the groundwater level was quickly recovered and the straight portion of the 

residual drawdown curve appeared at time ratios from 10 to 200. From the fitted line, the value 

of transmissivity (T) can be computed as 17,707 m2/day. 

In the observation holes, the groundwater level of Ch-1-4 hole gradually recovered. A straight 

portion of the residual drawdown curve was found at time ratios from 10 to 200. From the fitted 

line, the value of transmissivity (T) can be computed as 14,396 m2/day. 

The groundwater levels in the rest of the observation holes also gradually recovered. However, 

the groundwater levels including Ch-1-4 fluctuated in the latter part of the recovery test due to 

the influence of the existing wells’ pumpage.  

 

2) Ch-2 Well [CH-2 site, Girls College, Chuadanga Pourashava] 
Figure 5.3.14 shows the results of recovery test at Ch-2 well. The test was carried out just after 

the 2,880 minute continuous pumping test with a constant discharge rate of 239.3 m3/day. In the 

pumped well, the groundwater level was gradually recovered. The straight portion of the 

residual drawdown curve appeared at time ratios from 30 to 80. From the fitted line, the value of 

transmissivity (T) can be computed as 394.3 m2/day. 

In the observation holes, a clear recovery of the groundwater level was found in Ch-2-4 hole. A 

straight portion of the residual drawdown curve was found at time ratios from 70 to 1,000. From 

the fitted line, the value of transmissivity (T) can be computed as 735.3 m2/day. 

The groundwater levels in the rest of the observation holes did not show recovery. The 

groundwater levels including Ch-1-4 declined in the latter part of the recovery test due to the 

influence of the existing wells’ pumpage. 
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3) Jh-1 Well [JH-1 site, Arabpur, Jhenaidah Pourashava] 
Figure 5.3.15 shows the results of the recovery test at Jh-1 well. The test was carried out just 

after the 2,880 minute continuous pumping test with a constant discharge rate of 80.7 m3/day. In 

the pumped well, the groundwater level was gradually recovered and the straight portion of the 

residual drawdown curve appeared at time ratios from 20 to 120. From the fitted line, the value 

of transmissivity (T) was computed as 0.54 m2/day. 

In the observation holes, since the groundwater level of Jh-1-4 hole hardly declined during the 

pumping, the residual drawdown curve was not obtained. Therefore, the value of transmissivity 

(T) cannot be computed. 

The groundwater levels in the rest of the observation holes rose in the latter part of the recovery 

test. But the rise in groundwater levels was due to the influence of the surrounding pumpage at 

existing wells. 

 

4) Jh-2 Well [JH-2 site, Hamdah, Jhenaidah Pourashava] 
Figure 5.3.16 shows the results of the recovery test at Jh-2 well. The test was carried out just 

after the 2,880 minute continuous pumping test with a constant discharge rate of 199.4 m3/day. 

In the pumped well, the groundwater level was gradually recovered and reached the static level 

at 60 minutes after pumping stopped. The straight portion of the residual drawdown curve 

appeared at time ratios from 60 to 500. From the fitted line, the value of transmissivity (T) was 

computed as 1.39 m2/day. 

In the observation holes, since the groundwater levels fluctuated during the continuous pumping 

test, the levels were already above the static levels measured before the continuous pumping test. 

Although the groundwater levels still rose in the recovery test period, the recovery of 

groundwater levels was identified in Jh-2-4 hole. The straight portion of the residual drawdown 

curve was found at time ratios from 25 to 500. From the fitted line, the value of transmissivity 

(T) was computed as 909.8 m2/day. 

The groundwater levels in the rest of the observation holes did not show clear recovery by the 

pumping test. The rise in groundwater levels was due to the influence of the surrounding 

pumpage at existing wells. 

 

5) Js-1 Well [JS-1 site, Ghop, Jessore Pourashava] 
Figure 5.3.17 shows the results of the recovery test at Js-1 well. The test was carried out just 

after the 2,880 minute continuous pumping test with a constant discharge rate of 1,910.8 m3/day. 

In the pumped well, the groundwater level was quickly recovered within 3 minutes after 

pumping stopped and almost reached the static level. The straight portion of the residual 

drawdown curve appeared at time ratios from 200 to 500. From the fitted line, the value of 
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transmissivity (T) was computed as 2,241.8 m2/day. 

In the observation holes, the groundwater level in Js-1-4 hole also quickly recovered for the 

most part. The straight portion of the residual drawdown curve was found at time ratios from 

200 to 500. From the fitted line, the value of transmissivity (T) was computed as 3,985.6 

m2/day. 

The groundwater levels in the rest of the observation holes did not show recovery because there 

were no drawdowns caused by the continuous pumping test. The water levels including Js-1-4 

rose in the latter part of the recovery test due to the influence of surrounding groundwater use. 

 

6) Js-2 Well [JS-2 site, Kharki, Jessore Pourashava] 
Figure 5.3.18 shows the results of the recovery test at Js-2 well. The test was carried out just 

after the 2,880 minute continuous pumping test with a constant discharge rate of 206.7 m3/day. 

In the pumped well, the groundwater level was gradually recovered and almost reached the 

static level at 70 minutes after pumping stopped. The straight portion of the residual drawdown 

curve appeared at time ratios from 80 to 700. From the fitted line, the value of transmissivity (T) 

was computed as 2.05 m2/day. 

In the observation holes, a clear recovery of groundwater level was found in Js-2-4 hole. The 

straight portion of the residual drawdown curve was found at time ratios from 80 to 700. From 

the fitted line, the value of transmissivity (T) was computed as 41.24 m2/day. 

The groundwater levels in the rest of the observation holes did not show recovery because there 

were no drawdowns caused by the continuous pumping test. The water levels of Js-2-1 to Js-2-3 

holes rose in the latter part of the recovery test due to the influence of surrounding groundwater 

use. 

 

5.3.6 Results of Pumping Test at Observation Holes 
The results of the continuous pumping test and recovery test at the observation holes are also 

summarized in Table 5.3.2. The values of transmissivity (T) and the storage coefficient (S) were 

obtained by the Cooper-Jacob method (Cooper and Jacob, 1946) from the drawdown test. In the 

recovery test, the value of transmissivity (T) was obtained by the recovery method using the 

residual drawdown curve on the semi-log plot. 

 

1) CH-1 site [Poshu Hat, Chuadanga Pourashava] 
Figure 5.3.19 shows the results of the pumping test carried out at Ch-1-1 hole (depth = 63 m). 

The drawdown test was carried out with a pumping rate of 158.0 m3/day. The maximum 

drawdown of 3.274 m was obtained just after one (1) minute after pumping started. Then the 

water level gradually rose even though constant pumping continued due to the influence of 

surrounding groundwater use. From the final drawdown of 2.934 m, the value of specific 
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capacity (Sc) was computed as 53.9 m2/day. From the recovery test, the value of transmissivity 

(T) was computed as 2,917 m2/day. 

Figure 5.3.20 shows the results of the pumping test carried out at Ch-1-2 hole (depth = 118 m). 

The drawdown test was carried out with a pumping rate of 153.1 m3/day. The maximum 

drawdown of 6.452 m was obtained just after two (2) minutes after pumping started. Then the 

water level gradually rose even though the constant pumping continued due to the influence of 

surrounding groundwater use. From the final drawdown of 6.111 m, the value of specific 

capacity (Sc) was computed as 25.1 m2/day. From the recovery test, the value of transmissivity 

(T) was computed as 2,564 m2/day. 

Figure 5.3.21 shows the results of the pumping test carried out at Ch-1-3 hole (depth = 168 m). 

The drawdown test was carried out with a pumping rate of 170.7 m3/day. From the final 

drawdown of 2.480 m, the value of specific capacity (Sc) was computed as 68.8 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 831.5 m2/day and 

5.12E-62, respectively. From the recovery test, the value of transmissivity (T) was computed as 

8,805 m2/day. 

Figure 5.3.22 shows the results of the pumping test carried out at Ch-1-4 hole (depth = 300 m). 

The drawdown test was carried out with a pumping rate of 153.5 m3/day. The maximum 

drawdown of 12.737 m was obtained just after 5 minutes after pumping started. Then the water 

level gradually rose even though the constant pumping continued due to the influence of 

surrounding groundwater use. From the final drawdown of 11.835 m, the value of specific 

capacity (Sc) was computed as 13.0 m2/day. From the recovery test, the value of transmissivity 

(T) was computed as 297.7 m2/day. 

 

2) CH-2 site [Girls College, Chuadanga Pourashava] 
Figure 5.3.23 shows the results of the pumping test carried out at Ch-2-1 hole (depth = 56.5 m). 

The drawdown test was carried out with a pumping rate of 170.7 m3/day. From the final 

drawdown of 2.886 m, the value of specific capacity (Sc) was computed as 59.1 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 302.2 m2/day and 

7.48E-24, respectively. From the recovery test, the value of transmissivity (T) was computed as 

9,583 m2/day. 

Figure 5.3.24 shows the results of the pumping test carried out at Ch-2-2 hole (depth = 109 m). 

The drawdown test was carried out with a pumping rate of 183.0 m3/day. From the final 

drawdown of 3.335 m, the value of specific capacity (Sc) was computed as 54.9 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 327.5 m2/day and 

1.07E-28, respectively. From the recovery test, the value of transmissivity (T) was computed as 

4,254 m2/day. 

Figure 5.3.25 shows the results of the pumping test carried out at Ch-2-3 hole (depth = 152.5 m). 
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The drawdown test was carried out with a pumping rate of 190.8 m3/day. From the final 

drawdown of 3.777 m, the value of specific capacity (Sc) was computed as 50.5 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 530.5 m2/day and 

1.51E-53, respectively. From the recovery test, the value of transmissivity (T) was computed as 

4,101 m2/day. 

Figure 5.3.26 shows the results of the pumping test carried out at Ch-2-4 hole (depth = 299.5 m). 

The drawdown test was carried out with a pumping rate of 183.0 m3/day. From the final 

drawdown of 6.852 m, the value of specific capacity (Sc) was computed as 26.7 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 321.3 m2/day and 

9.75E-62, respectively. From the recovery test, the value of transmissivity (T) was computed as 

2,983 m2/day. 

 

3) JH-1 site [Arabpur, Jhenaidah Pourashava] 
Figure 5.3.27 shows the results of the pumping test carried out at Jh-1-1 hole (depth = 60.0 m). 

The drawdown test was carried out with a pumping rate of 182.0 m3/day. From the final 

drawdown of 0.680 m, the value of specific capacity (Sc) was computed as 267.6 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are not computed because of the 

quick stabilization of the groundwater level. From the recovery test, the value of transmissivity 

(T) was computed as 134.7 m2/day. 

Figure 5.3.28 shows the results of the pumping test carried out at Jh-1-2 hole (depth = 123.0 m). 

The drawdown test was carried out with a pumping rate of 182.6 m3/day. From the final 

drawdown of 0.687 m, the value of specific capacity (Sc) was computed as 265.8 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 1,963 m2/day and 

2.63E-36, respectively. From the recovery test, the value of transmissivity (T) was computed as 

430.5 m2/day. 

Figure 5.3.29 shows the results of the pumping test carried out at Jh-1-3 hole (depth = 165.0 m). 

The drawdown test was carried out with a pumping rate of 167.3 m3/day. From the final 

drawdown of 1.925 m, the value of specific capacity (Sc) was computed as 86.9 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 1,853 m2/day and 

“very small”, respectively. From the recovery test, the value of transmissivity (T) was computed 

as 217.2 m2/day. 

Figure 5.3.30 shows the results of the pumping test carried out at Jh-1-4 hole (depth = 282.0 m). 

The drawdown test was carried out with a pumping rate of 146.2 m3/day. From the final 

drawdown of 9.798 m, the value of specific capacity (Sc) was computed as 14.9 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 336.4 m2/day and 

“very small”, respectively. From the recovery test, the value of transmissivity (T) was computed 

as 158.6 m2/day. 
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4) JH-2 site [Hamdah, Jhenaidah Pourashava] 
Figure 5.3.31 shows the results of the pumping test carried out at Jh-2-1 hole (depth = 60.0 m). 

The drawdown test was carried out with a pumping rate of 157.7 m3/day. From the final 

drawdown of 3.945 m, the value of specific capacity (Sc) was computed as 40.0 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 288.3 m2/day and 

1.90E-35, respectively. From the recovery test, the value of transmissivity (T) was not computed 

due to the quick recovery of the groundwater level. 

Figure 5.3.32 shows the results of the pumping test carried out at Jh-2-2 hole (depth = 111.0 m). 

The drawdown test was carried out with a pumping rate of 162.0 m3/day. From the final 

drawdown of 0.764 m, the value of specific capacity (Sc) was computed as 212.0 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 3,391 m2/day and 

2.06E-83, respectively. From the recovery test, the value of transmissivity (T) was computed as 

979.1 m2/day. 

Figure 5.3.33 shows the results of the pumping test carried out at Jh-2-3 hole (depth = 165.0 m). 

The drawdown test was carried out with a pumping rate of 179.1 m3/day. From the final 

drawdown of 2.084 m, the value of specific capacity (Sc) was computed as 85.9 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 397.0 m2/day and 

4.21E-20, respectively. From the recovery test, the value of transmissivity (T) was computed as 

1,626 m2/day. 

Figure 5.3.34 shows the results of the pumping test carried out at Jh-2-4 hole (depth = 273.0 m). 

The drawdown test was carried out with a pumping rate of 152.5 m3/day. From the final 

drawdown of 4.975 m, the value of specific capacity (Sc) was computed as 30.7 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 373.8 m2/day and 

8.53E-63, respectively. From the recovery test, the value of transmissivity (T) was computed as 

2,693 m2/day. 

 

5) JS-1 site [Ghop, Jessore Pourashava] 
Figure 5.3.35 shows the results of the pumping test carried out at Js-1-1 hole (depth = 66.0 m). 

The drawdown test was carried out with a pumping rate of 163.4 m3/day. From the final 

drawdown of 0.440 m, the value of specific capacity (Sc) was computed as 371.4 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) cannot be computed because the 

groundwater level irregularly fluctuated during the test. From the recovery test, the value of 

transmissivity (T) was not computed due to the quick recovery of the groundwater level. 

Figure 5.3.36 shows the results of the pumping test carried out at Js-1-2 hole (depth = 120.0 m). 

The drawdown test was carried out with a pumping rate of 166.2 m3/day. From the final 

drawdown of 0.671 m, the value of specific capacity (Sc) was computed as 247.7 m2/day. The 
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values of transmissivity (T) and the storage coefficient (S) cannot be computed due to the 

irregular fluctuations of groundwater level caused by the surrounding groundwater usage. From 

the recovery test, the value of transmissivity (T) was computed as 624.2 m2/day. 

Figure 5.3.37 shows the results of the pumping test carried out at Js-1-3 hole (depth = 168.0 m). 

The drawdown test was carried out with a pumping rate of 93.5 m3/day. From the final 

drawdown of 0.422 m, the value of specific capacity (Sc) was computed as 221.6 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 301.2 m2/day and 

2.70E-03, respectively. From the recovery test, the value of transmissivity (T) was not computed 

due to irregular fluctuations in the groundwater level caused by surrounding groundwater use. 

Figure 5.3.38 shows the results of the pumping test carried out at Js-1-4 hole (depth = 282.0 m). 

The drawdown test was carried out with a pumping rate of 158.2 m3/day. From the final 

drawdown of 1.530 m, the value of specific capacity (Sc) was computed as 103.4 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) cannot be computed because of 

irregular fluctuations of the groundwater level. From the recovery test, the value of 

transmissivity (T) was not computed due to irregular fluctuations in the groundwater level. 

 

6) JS-2 site [Kharki, Jessore Pourashava] 
Figure 5.3.39 shows the results of the pumping test carried out at Js-2-1 hole (depth = 66.0 m). 

The drawdown test was carried out with a pumping rate of 201.1 m3/day. From the final 

drawdown of 3.236 m, the value of specific capacity (Sc) was computed as 62.2 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 222.0 m2/day and 

1.34E-15, respectively. From the recovery test, the value of transmissivity (T) was computed as 

3,420 m2/day. 

Figure 5.3.40 shows the results of the pumping test carried out at Js-2-2 hole (depth = 114.0 m). 

The drawdown test was carried out with a pumping rate of 192.2 m3/day. From the final 

drawdown of 0.804 m, the value of specific capacity (Sc) was computed as 239.1 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 321.6 m2/day and 

2.83E-03, respectively. From the recovery test, the value of transmissivity (T) was computed as 

202.1 m2/day. 

Figure 5.3.41 shows the results of the pumping test carried out at Js-2-3 hole (depth = 162.0 m). 

The drawdown test was carried out with a pumping rate of 127.3 m3/day. From the final 

drawdown of 22.724 m, the value of specific capacity (Sc) was computed as 5.6 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 2.12 m2/day and 

8.73E-02, respectively. From the recovery test, the value of transmissivity (T) was computed as 

0.84 m2/day. 

Figure 5.3.42 shows the results of the pumping test carried out at Js-2-4 hole (depth = 255.0 m). 

The drawdown test was carried out with a pumping rate of 168.7 m3/day. From the final 

 5-90



Chapter 5  Investigation of Deep Aquifers 
 Main Report 

drawdown of 4.350 m, the value of specific capacity (Sc) was computed as 38.6 m2/day. The 

values of transmissivity (T) and the storage coefficient (S) are computed as 178.5 m2/day and 

1.29E-22, respectively. From the recovery test, the value of transmissivity (T) was computed as 

252.3 m2/day. 
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5.4 Arsenic Concentration 
5.4.1  Purpose 
In Bangladesh, systematic measurements of arsenic concentrations by atomic absorption 

spectrophotometer (AAS) in groundwater have not been done particularly for deep groundwater. 

In the study area, the arsenic concentrations of some groundwater samples were analyzed by the 

spectrophotometer in DPHE Khulna Laboratory. However, regular monitoring of arsenic levels 

has not been done in the laboratory. Field kits have been widely used for screening purposes, 

however, the accuracy of field kit measurement is limited and the measurement cannot be used 

for precise monitoring of the arsenic level. 

In the study, arsenic concentrations of groundwater in the newly constructed observation 

wells/holes and improved deep wells were systematically monitored by the AAS in Jhenaidah 

laboratory, which was established in the DPHE Jhenaidah office. After the construction of those 

wells/holes, the arsenic levels were measured during the pumping test. Then the monthly 

monitoring of arsenic levels was carried out. 

 

5.4.2  Methodology 
1) Pumping Test 

a. Observation Wells 

At the observation wells, groundwater samples for arsenic analysis by AAS were collected in 

the step-drawdown test and the continuous pumping test. Prior to the pumping test, one 

groundwater sample was collected to know the initial arsenic level. 

When the groundwater sample was collected, the following parameters were measured in the 

field: 

 Water Temperature, pH, ORP, EC, As (by Field Kit), and Fe (by pack test)  

In the step-drawdown test, the samples were collected two (2) times in each step. In principle, 

the first sample was collected after 10 minutes and the second was collected after 100 minutes 

in each step. In the continuous pumping test, the samples were collected after 10 minutes, after 

1 hour, after 3 hours, and then every 3 hours until 48 hours after pumping started. 

 

b. Observation Holes 

Before the pumping test, one (1) groundwater sample was collected to know the initial 

concentrations. During the discharge test, two (2) groundwater samples were collected for the 

AAS analysis. The first sample was collected after 30 minutes and the second was collected 

after 140 minutes after pumping started. The field groundwater quality parameters said above 

were measured at each sampling time. 
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2) Monthly Monitoring 

a. Observation Wells/Holes 

After the pumping test, the groundwater samples were collected at an interval of one (1) month. 

The monitoring was continued for at least a 6-month period. 

At the time of sample collection, an engine pump was prepared to remove stagnant water in the 

well/hole. The pumping was done for at least one (1) hour. After removing the stagnant water, 

the groundwater sample was collected for arsenic analysis by AAS. At the time of sampling, the 

field groundwater quality parameters were measured. The monitoring was continued until 

December 2001. 

In addition, groundwater levels in the observation have been monitored weekly since the 

wells/holes were constructed. 

 

b. Improved Deep Wells 

The arsenic concentrations of groundwater taken from the newly constructed improved deep 

wells were analyzed by AAS. During the pumping test, one (1) sample was collected and 

analyzed to understand the initial arsenic concentrations. After the pumping test, the arsenic 

level was monitored for at least 9 months. 

 

5.4.3  Arsenic Concentrations during Pumping Test 
1) Observation Well 

a. Step-Drawdown Test 

Figure 5.4.1 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Ch-1 well. At the beginning of the pumping, the As concentration was 0.001 mg/l. From 10 to 

1,200 minutes, As concentrations ranged between 0.03 and 0.05 mg/l. The As level increased 

when the discharge rate increased from the 1st step to the 2nd step. In the rest, although the As 

levels fluctuated in range, there was no significant correlation with the discharge rate. The Eh 

value at the beginning was almost 0 mV, however, it jumped up about 150 mV 10 minutes after 

pumping started. From the 1st step to the 2nd step, the Eh values tend to decrease. Then the 

values fluctuated around 150 mV. The pH value at the beginning was 7.56, but suddenly 

dropped in the 1st step to 7.01. Then the values varied within a range from 7.1 to 7.2. The 

values tend to slightly decrease over time. EC values show some irregular fluctuations, however, 

the values tend to decrease over time. 

Figure 5.4.2 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Ch-2 well. Although the discharge pattern was disturbed by the unavoidable electricity failure, 

the arsenic levels tend to decrease over time from 0.0055 to 0.0010 mg/l The Eh values vary 

within 150 to 200 mV in most samples. The pH values tend to decrease when the discharge rate 

is high. EC values gradually decrease with time, but it jumped up in the 12th step. 
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Figure 5.4.3 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Jh-1 well. The arsenic concentration decreased from 0.014 to 0.011 mg/l in 1st to 2nd step, 

but it gradually increased from latter part of the 2nd step to the 6th step. Eh and pH values tend 

to increase over time. On the other hand, EC values decreased with time. 

Figure 5.4.4 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Jh-2 well. Although the drawdown curve shows a symmetric pattern, the changes in As 

concentrations are complicated. The As level increased from 0.005 to 0.018 mg/l in the 4th to 

the 6th step. But is suddenly dropped in the 8th step. Eh and EC values tend to decrease over 

time. On the other hand, the pH values tend to increase over time. 

Figure 5.4.5 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Js-1 well. Although the arsenic level irregularly oscillated, it tended to decrease over time 

from 0.0023 mg/l in the 1st step to 0.0011 mg/l in the 10th step. The Eh values increased in the 

1st step, and then stabilized at around 100 mV. The pH values increased from 7.25 in the 1st 

step to 7.58 in the 5th step. EC values stabilized between 82 and 84 mS/m from the 3rd step. 

Figure 5.4.6 shows the changes in arsenic level, Eh, pH, and EC during the step-drawdown test 

at Js-2 well. The As concentration was stable at around 0.002 mg/l in the 1st and 2nd steps, but 

it fluctuated greatly from the 3rd step to the 6th step. Eh values tended to increase over time. 

The pH values clearly increased from 7.3 in the 2nd step to 7.65 in the 6th step. On the other 

hand, EC values slightly decreased over time. 

 

b. Continuous Pumping Test 

Figure 5.4.7 shows the changes in arsenic level, Eh, pH, and EC during the continuous pumping 

test at Ch-1 well. The As concentration fluctuated with a range from 0.035 to 0.045 mg/l from 

the beginning to 2,300 minutes, then it decreased to 0.025 mg/l. Eh values fluctuate greatly from 

100 to 250 mV. The pH and EC values fluctuated in the first 600 minutes, but after that they 

stabilized until the end of the pumping test. 

Figure 5.4.8 shows the changes in arsenic level, Eh, pH, and EC during the continuous pumping 

test at Ch-2 well. At the beginning, the As level was very low at 0.00005 mg/l. Then it jumped 

up to 0.0015 mg/l and stabilized with a very slight decrease. Eh values vary greatly in the first 

1,000 minutes, then stabilized over time. The pH values irregularly fluctuated between 6.92 and 

7.08. EC values irregularly increased after 1,000 minutes. 

Figure 5.4.9 shows the changes in arsenic level, Eh, pH, and EC during the continuous pumping 

test at Jh-1 well. At the beginning, the As level was below 0.015 mg/l. Then it rose and 

fluctuated between 0.023 and 0.027 mg/l. Eh values were also lower than 100 mV in the 

beginning. Then it rose up to 170 mV and gradually decreased to 130 mV. The pH values 

increased from 6.98 to 7.1 for a period from 0 to 2,000 minutes, and then slightly decreased. EC 

values irregularly fluctuated between 86.5 and 88.8 mS/m. 
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Figure 5.4.10 shows the changes in arsenic level, Eh, pH, and EC during the continuous 

pumping test at Jh-2 well. The As levels increased over time from 0.005 to 0.016 mg/l. On the 

other hand, the values of Eh and pH tend to decrease over time. Although EC values irregularly 

fluctuated, a slight increasing trend can be found after 1,000 minutes. 

Figure 5.4.11 shows the changes in arsenic level, Eh, pH, and EC during the continuous 

pumping test at Js-1well. The As level increased from 0.0013 to 0.0023 mg/l in the first 600 

minutes. It decreased to 0.001 mg/l once, but gradually increased to 0.0019 mg/l at 2,880 

minutes. Eh values ranged from 90 to 110 mV. In the latter part of the test the values were 

stabilized. The pH values increased over time from 7.4 to 7.7. EC values slightly increased from 

82 to 84 mS/m for a period from 900 to 2,880 minutes. 

Figure 5.4.12 shows the changes in arsenic level, Eh, pH, and EC during the continuous 

pumping test at Js-2well. The As level increased from 0.003 to 0.005 mg/l for a period from 

1,000 to 2,000 minutes. Then it suddenly dropped from 0.0043 to 0.0013 mg/l for a period from 

2,160 to 2,340 minutes. Eh values tended to increase over time. The pH values straightly 

increased from 7.2 to 7.58, but declined to 7.2 in the latter part of the test period. EC values 

irregularly increased in the beginning and in the latter part of the test. 

 

2) Observation Holes 
During the pumping period of three (3) hours, As concentrations increased in all the observation 

holes in CH-1 site and CH-2 sites. 

At JH-1 site in Jhenaidah Pourashava, the arsenic levels in Jh-1-2 and Jh-1-4 holes increased, 

however, the arsenic levels in Jh-1-1 and Jh-1-3 holes decreased. In JH-2 site, the level in Jh-1-1 

hole slightly decreased. The levels in Jh-2-2 and Jh-2-4 slightly increased. The As levels in 

Jh-2-3 hole remain stable. 

In Jessore Pourashava, the arsenic levels in all the observation holes in JS-1 and JS-2 sites 

decreased during the pumping. 

 

5.4.4  Arsenic Concentrations during Monitoring 
1) Monitoring Results of Observation Wells/Holes 

a. CH-1 Site [Poshu Hat, Chuadanga Pourashava] 

Figure 5.4.13 shows the results of the monitoring of groundwater level and arsenic 

concentrations at CH-1 site. 

The groundwater levels were located between 3.5 and 6.5 m below the benchmark (KBM). The 

lowest groundwater levels were recorded in the end of March 2001 and the highest levels were 

recorded in the middle of October 2001. Similar patterns of groundwater level change were 

observed at the well/holes. The piezometric head difference is generally within 0.5 m. 

For the arsenic levels, the shallowest observation hole (Ch-1-1) has the highest arsenic level 
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from July to October 2001, exceeding the Bangladeshi standard value of 0.05 mg/l in July 2001. 

The arsenic levels increased from June to July then started to decrease from August to 

December. It should be noted that the lower arsenic levels in April and May were caused by the 

sampling method, because the pump used for that period had a small capacity to remove the 

stagnant water. 

Figure 5.4.14 shows the results of groundwater level and groundwater quality monitoring at 

CH-1 site. Eh values of all the observation well/holes vary within a range from 40 to 120 mV 

from June to December. The pH values range from 6.9 to 7.3. The EC values of Ch-1 well and 

Ch-1-4 hole are higher than those of shallow holes. From October to December 2001, the EC 

values tended to increase with depth. 

 

b. CH-2 Site [Girls College, Chuadanga Pourashava] 

Figure 5.4.15 shows the results of the monitoring of groundwater level and arsenic 

concentrations at CH-2 site. 

The groundwater levels were located between 3.0 and 6.0 m below the benchmark (KBM). The 

lowest groundwater levels were recorded in April 2001 and the highest levels were recorded in 

the middle of October 2001. Similar patterns of groundwater level change were observed at the 

well/holes. The piezometric head difference is generally within 0.5 m. 

For the arsenic levels, the shallowest observation hole (Ch-2-1) has the highest arsenic level for 

the monitoring period, ranging from 0.10 to 0.23 mg/l. The arsenic levels of Ch-2-2 and Ch-2-3 

holes also exceed the Bangladeshi standard value of 0.05 mg/l. The levels in Ch-2 well and 

Ch-2-4 hole are much lower than the standard value, always showing less than 0.004 mg/l. 

The arsenic levels were higher from June to August at Ch-2-1 to Ch-2-3 holes then started to 

decrease from September to October. It should be noted that the lower arsenic levels in April 

were caused by the sampling method, because the pump used for that period had a small 

capacity to remove the stagnant water. 

Figure 5.4.16 shows the results of groundwater level and groundwater quality monitoring at 

CH-2 site. The Eh values generally range from 70 to 110 mV at all the well/holes. However, the 

Eh value of Ch-1 well decreased below 50 mV in September and October 2001. The pH values 

tend to decrease in the high groundwater level time. The values of Ch-1 well show a different 

pattern from the others. The EC values tended to increase from October to December 2001 

except in Ch-2-4 hole. The EC value in Ch-2-4 hole is higher than the others from September to 

December 2001. 

 

c. CH-BD Site [Bara Dudpatila, Damurhuda Upazila] 

Figure 5.4.17 shows the results of the monitoring of groundwater level and arsenic 

concentrations at CH-BD site. 
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The groundwater levels were located between 3.6 and 5.7 m below the benchmark (KBM). The 

lowest groundwater level was recorded in the end of April 2001 and the highest level was 

recorded in the middle of October 2001. After that, the groundwater level straightly declined to 

January 2002. 

The arsenic level in the observation hole shows always below 0.01 mg/l. Once it rose up to 

0.009 mg/l, but the value declined below 0.003 mg/l from March. In November the 

concentration elevated up to 0.0054 mg/l, but it declined to 0.0015 mg/l in December 2001. 

Figure 5.4.18 shows the results of groundwater level and groundwater quality monitoring at 

CH-BD site. The Eh values range from 70 to 90 mV from April to August. In September, the 

value decreased to below 0 mV. The value jumped up to 107 mV in October then gradually 

decreased to 55 mV in December 2001. The pH values fluctuated from 6.9 to 7.4. From October 

to December it rose from 6.9 to 7.24. The EC value generally shows above 80 mS/m, however, 

it dropped below 50 mS/m in April and September 2001. 

 

d. JH-1 Site [Arabpur, Jhenaidah Pourashava] 

Figure 5.4.19 shows the results of the monitoring of groundwater level and arsenic 

concentrations at JH-1 site.  

The groundwater levels were located between 0.9 and 5.5 m below the benchmark (KBM). The 

lowest groundwater levels were recorded in the end of April 2001 and the highest levels were 

recorded in early October 2001. Similar patterns of groundwater level change were observed at 

the well/holes. The piezometric head difference is generally within 0.1 m. 

For the arsenic levels, the shallowest observation hole (Jh-1-1) has the highest arsenic level 

from April to December 2001, exceeding the Bangladeshi standard value of 0.05 mg/l in April 

and June 2001. The arsenic levels in holes Jh-1-1 to Jh-1-4 decreased from April to October. 

However, the values in holes Jh-1-2 to Jh-2-4 started to increase from November to December. 

The arsenic level in Jh-1 well was below 0.01 mg/l from June to October. But it exceeded the 

WHO guideline value in November and December 2001. 

Figure 5.4.20 shows the results of groundwater level and groundwater quality monitoring at 

JH-1 site. Eh values of all the observation well/holes decreased from April to June and then 

almost stabilized. The Eh values of holes Jh-1-1 to Jh-1-4 generally show between 70 to 120 mV. 

But the value in Jh-1 well is lower, ranging from 10 to 35 mV. The pH values generally range 

from 6.8 to 7.4. The EC value of Jh-1-4 hole is relatively stable, ranging from 80 to 87 mS/m. 

The rest varied from 40 to 90 mS/m. In December 2001, the EC values of shallow holes from 

Jh-1-1 to Jh-1-3 are below 55 mS/m, whereas the deep well/hole (Jh-1 well and Jh-1-4 hole) are 

more than 80 mS/m. 
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e. JH-2 Site [Hamdah, Jhenaidah Pourashava] 

Figure 5.4.21 shows the results of the monitoring of groundwater level and arsenic 

concentrations at JH-2 site. 

The groundwater levels were located between 1.5 and 5.5 m below the benchmark (KBM). The 

lowest groundwater levels were recorded in the end of May 2001 and the highest levels were 

recorded in the middle of September 2001. Similar patterns of groundwater level change were 

observed at the well/holes. The piezometric head difference is generally within 0.5 m. It is noted 

that the groundwater levels of deep aquifers became lower than that of shallow aquifers. 

For the arsenic levels, the shallowest observation hole (Jh-2-1) had the highest arsenic level 

among the well/holes. The levels exceeded the Bangladeshi standard value of 0.05 mg/l in most 

times. The second highest arsenic levels were recorded in Jh-2-2 hole, ranging from 0.01 to 0.05 

mg/l. The arsenic level in Jh-2-3 ranged between 0.01 and 0.02 mg/l from June to September, 

but it declined below 0.01 mg/l from October. The arsenic levels in Jh-2 well and Jh-2-4 hole 

show below 0.01 mg/l. The arsenic levels in Jh-2-1 and Jh-2-2 holes tended to decrease from 

July to November 2001. 

Figure 5.4.22 shows the results of groundwater level and groundwater quality monitoring at 

JH-2 site. Eh values of all the observation well/holes decreased from June to August, and then 

almost stabilized except in Jh-2 well. The Eh value of Js-2 well continued to decrease until 

October. The Eh values of holes Jh-1-1 to Jh-1-4 generally showed between 60 to 100 mV. But 

the value in Jh-2 well became lower from October, ranging from 15 to 60 mV. The pH values 

generally range from 6.7 to 7.7. Jh-2 well had the highest value of pH, ranging from 7.15 to 7.7. 

The EC values show to be almost stable during the monitoring period. It is noted that Jh-2 well 

has the lowest values of EC whereas Jh-2-4 hole, which tapped the same aquifer as Jh-2 well, 

has the highest EC values. 

 

f. JH-KC Site [Krishna Chandrapur, Moheshpur Upazila] 

Figure 5.4.23 shows the results of the monitoring of groundwater level and arsenic 

concentration at JH-KC site.  

The groundwater levels were located between 4.3 and 6.3 m below the benchmark (KBM). The 

lowest groundwater level was recorded in early May 2001 and the highest level was recorded in 

early October 2001. After that, the groundwater level declined and reached 6 m in January 2002. 

The arsenic level was more than 0.05 mg/l in April and from August to November 2001. In May 

the level dropped to below 0.01 mg/l. The highest value of 0.10 mg/l was recorded in November. 

The increasing trend of arsenic level was identified from June to November. In December the 

level declined to 0.037 mg/l.  

Figure 5.4.24 shows the results of groundwater level and groundwater quality monitoring at 

JK-KC site. The Eh values range from 90 to 115 mV from May to November. In December, the 
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value decreased to below 40 mV. The pH value was more than 8 in June 2001. Then it declined 

and ranged from 6.8 to 8.0 in June to December. The EC values are almost constant from May 

to December except June. The values range from 88 to 94 mS/m. 

 

g. JS-1 Site [Ghop, Jessore Pourashava] 

Figure 5.4.25 shows the results of the monitoring of groundwater level and arsenic 

concentration at JS-1 site. 

The groundwater levels were recorded from July 2001 to January 2002. For the period, the 

groundwater levels were located between 3.3 and 6.7 m below the benchmark (KBM). The 

patterns of groundwater level change in the site are different from those in Jheiadah and 

Chuadanga. The lowest groundwater levels were recorded in the end of January 2002 and the 

highest levels were recorded in the middle of September 2001. From July to November, all the 

water levels rose in the early part of each month and declined in the latter. But from December 

2001, all the groundwater levels straightly dropped and the lowering speed increased in January 

2002. The piezometric head difference is generally within 0.6 m from July to December 2001. 

For the arsenic levels, they were relatively higher at all the well/holes in August 2001 then they 

tended to decrease from September to December. In August, the level at Js-1-2 reached 0.033 

mg/l, but the rest of samples showed below 0.01 mg/l. 

Figure 5.4.26 shows the results of groundwater level and groundwater quality monitoring at 

JS-1 site. Eh values of all the observation well/holes ranged from 20 to 110 mV. The Eh value of 

Js-1-1 well gradually decreased with time from 104 to 91 mV. The Eh values of holes Js-1-2 to 

Js-1-4 and Js-1 well range from 40 to 80 mV in September to December 2001. The pH values of 

all the well/holes clearly decreased from July to September. Then the values slightly increased 

from September to December within a range from 6.8 to 7.2. The EC values of all the well/holes 

increased from July to August, and then decreased from September to November. The EC values 

in December tended to increase with depth. The values of Js-1-1 and Js-1-2 holes are about 60 

mS/m, whereas the values of Js-1-3, Js-1-4, and Js-1 wells show between 80 and 90 mS/m. 

 

h. JS-2 Site [Kharki, Jessore Pourashava] 

Figure 5.4.27 shows the results of the monitoring of groundwater level and arsenic 

concentrations at JS-2 site. 

The groundwater levels were recorded from August 2001 to January 2002. For the period, the 

groundwater levels were located between 1.7 and 5.4 m below the benchmark (KBM). The 

patterns of groundwater level change in the site are similar to JS-1 site and different from those 

in Jhenaidah and Chuadanga. The lowest groundwater levels were recorded in the end of 

January 2002 and the highest levels were recorded in the middle of September 2001. From 

August to November, all the water levels rose in the early part of each month and declined in the 
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latter. But from December 2001, all the groundwater levels straightly dropped and the lowering 

speed increased in January 2002. The piezometric head difference is generally within 0.7 m 

from July to December 2001. It should be noted that the groundwater levels of the shallow 

aquifer are lower than that of deeper aquifers. 

For the arsenic levels, the highest concentrations were recoded in the second shallowest hole of 

Js-2-2, ranging from 0.045 to 0.10 mg/l. The arsenic levels of Js-2-1 hole were below 0.01 mg/l. 

The second highest arsenic level was found at Js-2-3 hole, ranging from 0.003 to 0.03 mg/l. The 

arsenic levels of Js-2 well and Js-2-4 hole were very low. There is no clear correlation between 

the groundwater level change and the arsenic level change. 

Figure 5.4.28 shows the results of groundwater level and groundwater quality monitoring at 

JS-2 site. The Eh values generally ranged from 30 to 110 mV. The pH values had a wide range 

of variation from 6.9 to 7.5 until September 2001, but the range became very small in 

November and December when the groundwater levels sharply declined. The EC values ranged 

from 55 to 105 mS/m. The values are higher at deeper depths. 

 

i. JS-RB Site [Rajnagar Bankabarsi, Keshabpur Upazila] 

Figure 5.4.29 shows the results of the monitoring of groundwater level and arsenic 

concentration at JS-RB site.  

The groundwater levels were located between 2.7 and 4.7 m below the benchmark (KBM) for 

the monitoring period from April 2001 to January 2002. The lowest groundwater level was 

recorded in the end of April and the highest level was recorded in the middle of October. The 

groundwater level gradually and smoothly increased from May to August. After reaching the 

highest value, the level gradually declined but it suddenly dropped by about 0.5 m in January 

2002. 

The arsenic concentration was generally low. The highest level of 0.0023 mg/l was recorded in 

June 2001. Then the concentrations gradually decreased and became below the detection level 

of 0.0005 mg/l by AAS in November. 

Figure 5.4.30 shows the results of groundwater level and groundwater quality monitoring at 

JK-KC site. The Eh value increased from 110 mV in June to 160 mV in September, then it 

decreased to 60 mV in December 2001. The pH values are generally high, ranging from 7.6 to 

7.9. The EC values ranged from 66 to 75 mS/m. The values tended to increase from June to 

December 2001. 

 

2) Monitoring Results of Improved Deep Wells 

a. Bara Dudpatila Village [Damurhuda Upazila, Chuadanga District] 

Figure 5.4.31 shows the monitoring results of arsenic measurement by AAS and groundwater 

quality parameters by field measurements in the improved deep wells constructed in Bara 
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Dudpatila village. 

The arsenic concentrations of the three (3) types of the wells ranged from 0.068 to 0.084 mg/l in 

March 2001. The concentrations were almost stable from March to May, but started to increase 

from June to July. The highest value of the arsenic level at each well appeared from July to 

September. In Type-A well, the highest value of 0.11 mg/l was recorded in August. In Type-B 

well, the highest value of 0.18 mg/l was recorded in September. In Type-C well, the highest 

value of 0.14 mg/l was recorded in July. The arsenic levels decreased from September to 

December. The levels in December were lower than those in March 2001. 

The Fe concentration measured by pack test kit had a wide range from 2 to 8 mg/l in March, but 

the range gradually became smaller and the values ranged from 2 to 3 mg/l from July to 

December. 

The Eh values ranged from 130 to 280 mV in March and April, but the values decreased from 

May. From June, the values in the three (3) wells show almost the same value and slightly 

fluctuated below 100 mV. 

The changes in pH show similar patterns of fluctuation. The values increased from April to May, 

decreased from July to September, and increased from October to December. 

The EC values are almost constant except in the March data. The values ranged from 45 to 50 

mS/m. 

 

b. Krishna Chandrapur Village [Moheshpur Upazila, Jhenaidah District] 

Figure 5.4.32 shows the monitoring results of arsenic measurement by AAS and groundwater 

quality parameters by field measurements in the improved deep wells constructed in Krishna 

Chandrapur village. 

The arsenic concentrations of the three (3) types of the wells were just below the Bangladeshi 

standard value of 0.05 mg/l after the construction. Then the values slightly declined from March 

to June. However, the arsenic concentrations exceeded the standard value from July in all the 

wells. Particularly the concentration in Type-A well rose from 0.018 mg/l in June to 0.089 mg/l 

in July. In August, the maximum level of 0.107 mg/l was recorded. The values of the three wells 

were more than 0.05 mg/l until September. From September to December the values tended to 

decrease. The arsenic concentrations in December became almost the same as the values in 

March in Type-B and Type-C wells. The value of Type-A well was still above the standard value, 

showing 0.06 mg/l. 

The Fe concentration measured by pack test kit had a wide range from 2 to 10 mg/l from March 

to May, but the range became smaller from July. In October the concentrations slightly 

increased, but in December the values ranged from 2 to 4 mg/l. 

The Eh values ranged from 100 to 160 mV from March to May, but the values decreased from 

May to June. From June to November, the values in the three (3) wells ranged from 80 to 120 
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mV. In December, the values further decreased and the Eh value in Type-A well showed only 28 

mV. 

The pH values ranged from 6.85 to 7.20. The changes in pH show similar patterns of fluctuation. 

The values increased from March to July then decreased in August. The values again increased 

from September to December. 

The EC values were slightly higher from March to June, but they slightly decreased and became 

almost constant after July, ranging from 88 to 92 mS/m. 

 

c. Rajnagar Bankabarsi Village [Keshabpur Upazila, Jessore District] 

Figure 5.4.33 shows the monitoring results of arsenic measurement by AAS and groundwater 

quality parameters by field measurements in the improved deep wells constructed in Rajnagar 

Bankabarsi village. 

The arsenic concentrations of the three (3) types of the wells were much lower than the WHO 

guideline value of 0.01 mg/l. Slightly elevated concentrations up to 0.005 mg/l were recorded in 

September and October 2001, the most results showing below 0.001 mg/l. In November and 

December, all the levels were below the detection limit of AAS analysis. 

The Fe concentration measured by pack test kit also showed very small values. From March 

2001, most samples show 0.2 mg/l or less. 

The Eh values generally ranged from 80 to 220 mV. The values increased from November 2000 

to March 2001. Then the values decreased from March to June. In October, all three wells 

showed more than 160 mV in Eh, and the values dropped below 70 mV in December. 

The pH values were relatively higher in the improved deep wells, ranging from 7.4 to 8.0. But 

the values clearly dropped from September to November, showing almost 7.0. The values again 

increased in December, being 7.5 to 7.7. 

The EC values generally showed a decreasing trend from 60 mV in November 2000 to 50 mV in 

December 2001. In August and September, some wells showed higher EC values up to 80 

mS/m. 

 

3) Eh-pH-As Relation 
Based on the data of the monthly monitoring mentioned above, the Eh-pH-As relations were 

examined as shown in Figure 5.4.34. The used data were only obtained from the newly 

constructed observation wells/holes. 

In the wells/holes, most samples have pH values within a range from 6.8 to 7.8. The Eh values 

range from -50 to 250 mV. In the domain, the samples contaminated by arsenic were plotted in 

the area having 6.8 to 7.4 in pH and 70 to 250 mV in Eh. 
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