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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 in 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. Facies, grain size, 

sedimentary structures, degree of consolidation, existence of particular minerals and fossils etc 

of the core samples were carefully observed. Undisturbed core samples were used for arsenic 

content tests and arsenic leaching tests to know the source of contamination as well as the 

potential of contamination. 

 

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 deep observation wells by the 

study where the shallow groundwater is highly contaminated by arsenic. Figure 5.1.1 shows the 

core boring sites in the Study Area. 

 

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. 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.  

 

5.1.4 Subsurface Geology 
The identified statigraphic units were named as 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 5.1.2 shows the correlation of geologic units among the six (6) core boring sites. 

These formations consist of many lamminated structures and occasionally biogenic sedimentary 

structures disturbed by bioturbation (Figures 5.1.3 and 5.1.4. And these formations include shell 

fragments, trace fossil, wooden fragments and blocks (Figures 5.1.5 to 5.1.8). 

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. 
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1) E formation 
E formation is the lowest geologic formation within a 300 m depth 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 thickness of E formation is more than 90 m. 

 

2) D formation 
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. D formation is divided into D2 and D1 members. 

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). 

Clay and silt blocks are partly found in the formation except in Jhenaidah. This member has a 

thickness of 1 to 16 m. 

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. 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 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. The 

thickness of C formation ranges from 61 to 141 m. 

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 
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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 in some horizons. Biogenic sedimentary structures 

disturbed by bioturbation are found in the upper part of the formation in Moheshpur. The 

thickness of B formation ranges from 41 to 70 m. 

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 in some horizons. Clay and silt blocks are partly 

contained in the member. The thickness of the member ranges from 20 to 43 m. 

It is presumed that A2 member was deposited with a palaeo-environment of sea (shoreface to 

offshore) during high sea level time in early Holocene. 

b. A1 member 
It mainly consists of clay and silt. It is intercalated by peat 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. 

It is presumed that A1 member was deposited with a palaeo-environment of lake or marsh in 

middle to late Holocene. 

 

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 (shallow) aquifer corresponds to A 

formation and B formation, which mainly consists of fine to medium sand. The second (middle) 

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

third (deep) aquifer corresponds to D formation and E formation, which consists of a sandy 

layer and silty layer. It is inferred that B formation has better permeability in shallow aquifers. It 

is inferred that C formation (equal middle aquifer) has very good permeability. It is inferred that 

D2 formation has better permeability in deep aquifers, but it is not so thick. The permeability of 

each drilling site is described in the results of the pumping test in Chapter 5.1.2. 

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

characteristics of groundwater flow are considered to be different, 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). 
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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 central area (Chuadanga, 

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

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

formation, because the facies is a muddy layer. There are no 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 

Formation (GSB, 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 
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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 of around 300 m. To obtain hydrogeological 

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

groundwater quality of deep aquifers, 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 

 

5.2.2 Site Selection 
Because it was planned that each observation deep 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 
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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.  

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

observation holes. 

 

5.2.4 Result of Drilling 
The drilled deep observation wells/holes and their specifications are shown in Table 5.2.1. 

 

1) Geology and Geophysical Logging 
The results of geophysical logging with the geologic columnar section at the drilling sites are 

shown in Figures 5.2.11 to 5.2.19  

 

2) Casing Program 
The well/borehole depth and screen depth with the geologic columnar section and resistivity 

logs are in Figures 5.2.20 to 5.2.28. The detailed casing programs and well structures are shown 

in Figures 5.2.29 to 5.2.37. 
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5.3 Pumping Test 
5.3.1 Purpose of Pumping Test 
The pumping test was performed at newly constructed observation wells/holes. One of the main 

objectives of the pumping test is to obtain aquifer parameters such as transmissivity and the 

storage coefficient of the deep aquifers in the Study Area. In addition, the well loss coefficient 

and aquifer loss coefficient were obtained by the step-drawdown pumping test. The results can 

help design a suitable operation plan for the future-production well. 

During the pumping test, 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 movement of contaminated water. 

 

5.3.2 Methodology 
For the deep observation wells, three (3) kinds of pumping tests viz. 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, the continuous pumping test and recovery test were performed. The 

drawdown was measured in the pumped hole. 

During the step-drawdown test and continuous pumping test, groundwater samples for 

measuring arsenic levels 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) 

 

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. 

 

5.3.4 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 storage coefficient (S) were 

obtained by Cooper-Jacob method (Cooper and Jacob, 1946) from the drawdown test. In the 
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recovery test, the value of transmissivity (T) was obtained by the recovery method using the 

residual drawdown curve on the semi-log plot. 
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5.4 Arsenic Concentration 
5.4.1 Purpose 
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 DPHE Jhenaidah office. After the construction of those wells/holes, the 

arsenic levels were measured during the pumping test. Then 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, 1 hour, 

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. 

 

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 at least for one (1) hour. After removing the stagnant water, 

the groundwater sample was collected for arsenic analysis by AAS. At the time of sampling, the 
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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 at least for 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 0.001mg/l. From 10 to 

1,200 minutes, As concentrations ranged between 0.03 and 0.05mg/l. As levels increased when 

the discharge rate increased from the 1st step to the 2nd step. In the rest, although the As levels 

fluctuated in the range, there was no significant correlation with the discharge rate. The Eh 

value at the beginning was almost 0mV, however, it jumped up to about 150mV 10 minutes after 

pumping started. From the 1st step to the 2nd step, the Eh values tend to decrease. Then the 

values fluctuated around 150mV. The pH value at the beginning was 7.56, but it suddenly 

dropped in the 1st step to 7.01. Then the values varied within a range from 7.1 to 7.2. The 

values tended to slightly decrease over time. EC values showed some irregular fluctuations, 

however, the values tended 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 an unavoidable electricity failure, 

the arsenic levels tended to decrease over time from 0.0055 to 0.0010mg/l The Eh values varied 

within 150 to 200mV in most samples. The pH values tended to decrease when the discharge 

rate was high. EC values gradually decreased with time, but jumped up in the 12th step. 

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 0.011mg/l in the 1st to 2nd step, 

but it gradually increased from the latter part of the 2nd step to the 6th step. Eh and pH values 

tended 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. As levels increased from 0.005 to 0.018mg/l in the 4th to 6th 
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step, but suddenly dropped in the 8th step. Eh and EC values tended to decrease over time. On 

the other hand, the pH values tended 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 0.0023mg/l in the 1st step to 0.0011mg/l in the 10th step. The Eh values increased in 1st 

step then stabilized at around 100mV. The pH values increased from 7.25in the 1st step to 7.58 

in the 5th step. EC values stabilized between 82 and 84mS/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 0.002mg/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 0.045mg/l in the 

first 2,300 minutes, and then it decreased to 0.025mg/l. Eh values fluctuated greatly from 100 to 

250mV. 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 0.00005mg/l. Then it jumped up 

to 0.0015mg/l and stabilized with a very slight decrease. Eh values varied greatly in the first 

1,000 minutes, and 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 0.015mg/l. Then it rose and fluctuated 

between 0.023 and 0.027mg/l. Eh values were also lower than 100mV in the beginning. Then 

they rose up to 170mV and gradually decreased to 130mV. The pH values increased from 6.98 

to 7.1 for the period from 0 to 2,000 minutes, and then slightly decreased. EC values irregularly 

fluctuated between 86.5 and 88.8mS/m. 

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 0.016mg/l. On the 

other hand, the values of Eh and pH tended 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 0.0023mg/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 
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minutes. Eh values ranged from 90 to 110mV. In the latter part of the test, the values stabilized. 

The pH values increased over time from 7.4 to 7.7. EC values slightly increased from 82 to 

84mS/m for the 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 0.005mg/l during the period 

from 1,000 to 2,000 minutes. Then it suddenly dropped from 0.0043 to 0.0013mg/l in the 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 three (3) hour pumping period, 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 of Jh-1-2 and Jh-1-4 holes increased, 

however, the arsenic levels of Jh-1-1 and Jh-1-3 holes decreased. In JH-2 site, the level of 

Jh-1-1 hole slightly decreased. The levels of 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 6.5m 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 0.5m. 

For the arsenic levels, the shallowest observation hole (Ch-1-1) had the highest arsenic level 

from July to October 2001, exceeding the Bangladeshi standard value of 0.05mg/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 

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 varied within a range from 40 to 120mV 
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from June to December. The pH values ranged from 6.9 to 7.3. The EC values of Ch-1 well and 

Ch-1-4 hole were 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 6.0m 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 was generally within 0.5m. 

For the arsenic levels, the shallowest observation hole (Ch-2-1) had the highest arsenic level 

during the monitoring period, ranging from 0.10 to 0.23mg/l. The arsenic levels of Ch-2-2 and 

Ch-2-3 holes also exceed the Bangladeshi standard value of 0.05mg/l. The levels in Ch-2 well 

and Ch-2-4 hole are much lower than the standard value, always showing less than 0.004mg/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 stagnant water.  

Figure 5.4.16 shows the results of groundwater level and groundwater quality monitoring at 

CH-2 site. The Eh values generally ranged from 70 to 110mV at all the well/holes. However, the 

Eh value of Ch-1 well decreased below 50mV in September and October 2001. The pH values 

tended to decrease in the high groundwater level time. The values of Ch-1 well showed 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 of Ch-2-4 hole was 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.  

The groundwater levels were located between 3.6 and 5.7m 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 continuously declined 

until January 2002. 

The arsenic level in the observation hole always showed below 0.01mg/l. Once it rose up to 

0.009mg/l, but the value declined below 0.003mg/l from March. In November the concentration 

elevated up to 0.0054mg/l, but it declined to 0.0015mg/l in December 2001. 
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Figure 5.4.18 shows the results of groundwater level and groundwater quality monitoring at 

CH-BD site. The Eh values ranged from 70 to 90mV from April to August. In September, the 

value decreased to below 0mV. The value jumped up to 107mV in October then gradually 

decreased to 55mV in December 2001. The pH value fluctuated from 6.9 to 7.4. From October 

to December it rose from 6.9 to 7.24. The EC value generally showed above 80 mS/m; however, 

it dropped below 50mS/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 5.5m 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 was generally within 0.1m. 

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 0.05mg/l in April 

and June 2001. The arsenic levels of Jh-1-1 to Jh-1-4 holes decreased from April to October. 

However, the values of Jh-1-2 to Jh-2-4 holes started to increase from November to December. 

The arsenic level of Jh-1 well was below 0.01mg/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 Jh-1-1 to Jh-1-4 holes generally show between 70 to 120mV. 

But the value in Jh-1 well was lower, ranging from 10 to 35mV. The pH values generally ranged 

from 6.8 to 7.4. The EC value of Jh-1-4 hole was relatively stable, ranging from 80 to 87mS/m. 

The rest varied from 40 to 90mS/m. In December 2001, the EC values of shallow holes from 

Jh-1-1 to Jh-1-3 were below 55mS/m, whereas the deep well/hole (Jh-1 well and Jh-1-4 hole) 

were more than 80mS/m. 

 

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 5.5m 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 was generally within 0.5m. It is 

noted that the groundwater levels of deep aquifers became lower than that of shallow aquifers. 
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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 0.05mg/l most of 

the time. The second highest arsenic levels were recorded in Jh-2-2 hole, ranging from 0.01 to 

0.05mg/l. The arsenic level of Jh-2-3 ranged between 0.01 and 0.02mg/l from June to 

September, but it declined below 0.01mg/l from October. The arsenic levels of Jh-2 well and 

Jh-2-4 hole showed below 0.01mg/l. The arsenic levels of 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 Jh-1-1 to Jh-1-4 holes generally showed between 60 to 100mV; But 

the value in Jh-2 well became lower from October, ranging from 15 to 60mV. The pH values 

generally range from 6.7 to 7.7. Jh-2 well has the highest value of pH, ranging from 7.15 to 7.7. 

The EC values showed almost stable during the monitoring period. It is noted that Jh-2 well had 

the lowest values of EC whereas Jh-2-4 hole, which tapped the same aquifer as Jh-2 well, had 

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 

concentrations at JH-KC site.  

The groundwater levels were located between 4.3 and 6.3m 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 0.05mg/l in April and from August to November 2001. In May 

the level dropped at below 0.01mg/l. The highest value of 0.10mg/l was recorded in November. 

The increasing trend of the arsenic level was identified from June to November. In December 

the level declined to 0.037mg/l.  

Figure 5.4.24 shows the results of groundwater level and groundwater quality monitoring at 

JK-KC site. The Eh values ranged from 90 to 115mV from May to November. In December, the 

value decreased to below 40mV. 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 were almost constant from May 

to December except in June. The values ranged from 88 to 94mS/m. 

 

g. JS-1 Site [Ghop, Jessore Pourashava] 
Figure 5.4.25 shows the results of the monitoring of groundwater level and arsenic 

concentrations at JS-1 site.  

The groundwater levels were recorded from July 2001 to January 2002. For the period, the 
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groundwater levels were located between 3.3 and 6.7m below the benchmark (KBM). The 

patterns of groundwater level change in the site were 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 continuously dropped and the lowering speed increased in 

January 2002. The piezometric head difference was generally within 0.6m from July to 

December 2001. 

For the arsenic levels, they were relatively higher at all the well/holes in August 2001, and then 

they tended to decrease from September to December. In August, the level at Js-1-2 reached 

0.033mg/l, but the rest of the samples showed below 0.01mg/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 110mV. The Eh value of 

Js-1-1 well gradually decreased with time from 104 to 91mV. The Eh values of Js-1-2 to Js-1-4 

holes and Js-1 well ranged from 40 to 80mV 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 hole are about 

60mS/m, whereas the values of Js-1-3, Js-1-4, and Js-1 well show between 80 and 90mS/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 5.4m below the benchmark (KBM). The 

patterns of groundwater level change in the site were 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 

latter. But from December 2001, all the groundwater levels continuously dropped and the 

lowering speed increased in January 2002. The piezometric head difference was generally 

within 0.7m from July to December 2001. It should be noted that the groundwater levels of 

shallow aquifers 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 0.10mg/l. The arsenic levels of Js-2-1 hole were below 0.01mg/l. 

The second highest arsenic level was found at Js-2-3 hole, ranging from 0.003 to 0.03mg/l. The 
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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 110mV. 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 

105mS/m. The values were higher in 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 

concentrations at JS-RB site. 

The groundwater levels were located between 2.7 and 4.7m 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 to about 0.5m in January 

2002. 

The arsenic concentration was generally low. The highest level of 0.0023mg/l was recorded in 

June 2001. Then the concentrations gradually decreased and became below the detection level 

of 0.0005mg/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 110mV in June to 160mV in September, then it 

decreased to 60mV in December 2001. The pH values were generally high, ranging from 7.6 to 

7.9. The EC values ranged from 66 to 75mS/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 

Dudpatila village. 

The arsenic concentrations of the three (3) types of the wells ranged from 0.068 to 0.084mg/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 0.11mg/l was recorded in August. In Type-B 

well, the highest value of 0.18mg/l was recorded in September. In Type-C well, the highest 

value of 0.14mg/l was recorded in July. The arsenic levels decreased from September to 
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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 8mg/l in March, but 

the range gradually became smaller and the values ranged from 2 to 3mg/l from July to 

December. 

The Eh values ranged from 130 to 280mV in March and April, but the values decreased from 

May. From June, the values in the three (3) wells showed almost the same value and slightly 

fluctuated below 100mV. 

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 were almost constant except for the March data. The values ranged from 45 to 

50mS/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 0.05mg/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 0.018mg/l in June to 0.089mg/l in 

July. In August, the maximum level of 0.107mg/l was recorded. The values of the three wells 

were more than 0.05mg/l until September. From September to December the values tended to 

decrease. The arsenic concentrations in December became almost the same values as in March 

inn Type-B and Type-C wells. The value of Type-A well was still above the standard value, 

showing 0.06mg/l. 

The Fe concentration measured by pack test kit had a wide range from 2 to 10mg/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 4mg/l. 

The Eh values ranged from 100 to 160mV 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 

120mV. In December, the values further lowered and the Eh value in Type-A well showed to be 

only 28mV. 

The pH values ranged from 6.85 to 7.20. The changes in pH showed similar patterns of 

fluctuation. The values increased from March to July, and 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 lowered and become 

almost constant after July, ranging from 88 to 92mS/m. 
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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 0.01mg/l. Slightly elevated concentrations up to 0.005mg/l were recorded in 

September and October 2001, the most results showing below 0.001mg/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 showed 0.2mg/l or less.  

The Eh values generally ranged from 80 to 220mV. The values increased from November 2000 

to March 2001. Then the values decreased from March to June. In October, all the three wells 

showed more than 160mV in Eh; the values dropped below 70mV 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 to 7.5 to 7.7. 

The EC values generally showed a decreasing trend from 60mV in November 2000 to 50mV in 

December 2001. In August and September, some wells showed higher EC values up to 80mS/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 250mV. In the domain, the samples contaminated by arsenic were plotted in 

the area having 6.8 to 7.4 in pH and 70 to 250mV in Eh. 
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