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Abstract

The present study has been undertaken to depict spatial distribution of dif-
ferent aquifer parameters in the eastern part of Kushtia district through a de-
tailed hydrogeological survey. For this investigation, 119 lithologs and 92
pumping test data have been used. These data have been processed, analyzed,
interpreted and krigged for the spatial assessment of the aquifer properties
viz. transmissivity, hydraulic conductivity, hydraulic diffusivity, specific yield,
radius of influence, and specific drawdown. It is seen from the investigation
that the transmissivity and hydraulic conductivity values obtained from the
pumping tests of the wells are varying from 1811 m*/day to 2568 m*/day and
32.5 m/day and 61.5 m/day respectively, the hydraulic diffusivity being rang-
ing from 181,143 m?/day to 256,788 m*/day. The estimated specific yield of
17.97% - 23.46% supports that the area is dominated with coarse grained
sands. This study reveals that the distribution of deep tube wells in the area
are not within the radius of influence (638 - 760 m) each other, but few shal-
low and hand tube wells existed within the radius of influence. The estimated
specific draw down is varying from 57 m/cumec to 126.1 m/cumec. From the
overall analysis, it is found that the area is favorable for groundwater explora-
tion.

Keywords

Groundwater, Aquifer, Pumping Test, Transmissivity, Hydraulic
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1. Introduction

A life without water is unthinkable. As people increasing day by day, demand of

water for domestic, irrigation and industrial use also increasing. But the supply
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of fresh water is limited and not available in full extent in all months of a year.
On the other hand, most of the people depend on groundwater for drinking as is
it found in the purest form compared to other freshwater sources.

Now people are forced to look for alternatives and use groundwater for irriga-
tion and industry (Hoque et al., 2007) apart from drinking. Like many other
natural resources, groundwater is being abstracted at an increasing rate all over
the world and thus, exploitation of this useful resource is an important issue in
the field of modern hydrogeology (Balek, 1989; Elango & Sivakumar, 2005; Ho-
que et al., 2007). As the demand and needs of the population towards water is
growing up in all the sectors, so the systematic planning of groundwater im-
provement using modern technique is fundamental for the proper management
and utilization of this precious resource.

Groundwater is the principal source of drinking and irrigation water supplies
in Bangladesh. About 97% of the population in Bangladesh used to rely on
groundwater for drinking purposes while more than 70% of the total irrigated
area is served with groundwater sources (BGS & DPHE, 2001; Hasan et al,,
2007). Development of the groundwater resource for irrigation and other uses is
a vital component of the government’s agricultural strategy to achieve food
self-sufficiency in Bangladesh (MPO, 1991; Wahid et al., 2007; Shahid & Haza-
rika, 2010), which is also highlighted in the national water management plan of
the country (WARPO, 2001). Continuous decline of groundwater tables due to
over-withdrawal has also been reported from some areas. In many localities, wa-
ter mining occurs regularly which in turn forcing groundwater level to go down
every year. Thus, the overall situation calls for urgent groundwater management
for sustainable development. A lack of proper understanding of the groundwater
system, in terms of resource utilization, is one of the major limitations to the ef-
fective management of groundwater resources in Bangladesh (Hoque et al.,
2007). Thus, there is an urgent need to formulate a strategic plan for appropriate
assessment and development of groundwater resources of the aquifer system
under consideration adopting an integrated approach taking into account a wide
range of ecological, socio-economic and scientific factors and needs.

The present study area is located in the upper side of the Ganges River de-
pendent area, southwest of Bangladesh. This area is almost non-industrialized
and dependent on agricultural system characterized by a number of agro-eco-
nomical and socio-economic variables. The development of this area is closely
related with the intensive use of its land with ensured irrigation. It has been an-
ticipated that future demand of water for irrigation will be achieved through the
development of groundwater resources of the area. But, the reduction of fresh
water flows in the Ganges River during dry season in the recent years has limited
the possibility of surface water resources development, which enhancing the
people of the area to progressively shift to groundwater dependent irriga-
tion-based agriculture (BBS, 2001; GOB, 2002). Therefore, assessment of hydro-
geological condition of the study area is essential to identify the groundwater

potentiality of the aquifer system for future development of the growing needs of
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increasing population.

The basic elements of groundwater investigation involve the delineation of the
extent and thickness of the water-bearing zone along with the determination of
aquifer properties. Distributions of sub-surface geologic units directly control
the occurrence and movement of groundwater. The evaluation of sub-surface
geologic formation is useful to understand the nature of groundwater-bearing
zones. The conceptualization and characterizing of groundwater systems require
quantification of the factors that govern the ability of the system to store and
transmit groundwater. Aquifer properties may vary spatially because of geologic
heterogeneity. Quantification of the aquifer properties is achieved primarily
through pumping test. A pumping test is a field experiment in which a well is
pumped at a controlled rate and water-level response (drawdown) is measured
in one or more surrounding observation wells and in the pumped well (control
well) itself; response data from pumping tests are used to estimate the hydraulic
properties of aquifers.

The present study has been undertaken to demarcate spatial distribution of
different aquifer parameters through a detailed hydrogeological survey. In this
regard, 119 lithologs and 92 pumping test data have been processed, analyzed,
interpreted and krigged for the spatial assessment of the aquifer properties like
transmissivity, hydraulic conductivity, hydraulic diffusivity, specific yield, radius
of influence, and specific drawdown. Krigging method is used for mapping the
aquifer and well properties from point data for the spatial assessment of hy-

drogeology in the study area.

2. Location and General Feature of Study Area

Kushtia district is located on the northern side of the southwest part of Bangla-
desh. The present study area lies across three Upazilas (Sub-districts) namely,
Khoksha and northern parts of Kushtia Sadar and Kumarkhali of Kushtia dis-
trict comprising an area of 292.3 km? as shown in Figure 1. It lies between the
geographical coordinates of 23°43'45" - 23°57'4" N and 89°4'50" - 89°22'5" E.
This area consists of several villages, two upazila towns and one district town.
The river—the Ganges (Padma) and its distributary, the Gorai are the major
sources of surface water in the area. The Ganges is flowing in the extreme
north-northeast sides of the area, where as the Gorai is flowing through the cen-
ter from the northwest corner to the southeast corner. Most of the area is low
lying floodplain formed by the alluvial soil.

The Ganges-Kobadak Irrigation Project (GKIP) or G-K Irrigation Project is a
large surface irrigation system to serve the southwestern part of Bangladesh. It
supplies the surface water from the Ganges River to the west and south sides of
the study area, though this supply is not sufficient in dry months (March-June)
due to the shortfall of water in the Ganges. The GKIP represents the major of
Kharif-1 (March-June) season irrigation water supply (Alam, 1996). The reduc-
tion of the Ganges flow during dry season due to the withdrawal of the Ganges
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Figure 1. Location map of the study area.

water by the neighboring country has produced disastrous effect on irrigation as
well as socio-economic development and ecological balance. This project is suf-
fering from bitter experience of both the direct and indirect losses during the en-
tire post diversion period (Wahiduzzaman & Alam, 2006). Thus, the livelihood
of about 20 million people near the GKIP is directly disrupted and threatened by
the substantial water diversion in the upstream (Alam, 2010).

Several research works have been carried out by several authors in and around
the study area. Groundwater potentiality was investigated in term of aquifer sys-
tem (Haque & Hasan, 2001; Haque et al. 2011), subsurface formation (Haque &
Hasan, 2002), hydrogeological properties (Islam et al. 2001), quantitative and
qualitative assessment of aquifer system (Uddin et al. 2001; Shahinuzzaman et
al., 2002), integrated hydrogeological and geophysical approach (Haque, 2008;
Alibuddin, 2018), Geoelectrical sounding, borehole litholog and groundwater
data (Haque et al., 2014).
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Further, groundwater flow and balance were studied for the assessment of
groundwater abstraction (Sharmin et al., 2010a). For identification of ground-
water bearing zones GIS (Sharmin et al., 2010b) and hydrostratigraphic analysis,
(Alibuddin et al., 2014) have done as well. Almost all the previous researches
were mostly focused on the overall assessment of hydrogeology of the area. No
research has been carried out so far on the spatial distribution of aquifer proper-

ties of the area.

3. Materials and Method

Groundwater is one of the most important sources of water. The accumulation
of groundwater in a particular area depends upon the presence of aquifers (Ma-
hajan, 1989). Aquifer is a geologic unit that can store and transmit water at rates
fast enough to supply reasonable amounts to wells. The aquifer must have two
important properties, the ability to storage and to transmit water through the
subsurface formation, those are defined as storage coefficient and transmissivity.
Apart from these the other properties viz. porosity, permeability, hydraulic
conductivity, specific yield etc. are also very important inherent properties of the
aquifer. For the development of groundwater of any area, it is obligatory for the
hydrogeologist to identify these properties with precession and to make further
plans accordingly. Well hydraulics is a crucial topic in hydrogeology, since it is
primary means of studying the aquifer properties (Lohman, 1972; King, 1982).
Hydraulic properties of aquifer vary spatially because of geologic heterogeneity.
Estimation of these properties allows quantitative prediction of the hydraulic
response of the aquifer to recharge and pumping.

Pumping tests are the most suitable means for computing reliable and repre-
sentative values of the hydraulic characteristics in aquifers (Kruseman & De
Ridder, 1994). The Bangladesh Agricultural Development Corporation (BADC),
Kushtia conducted pumping tests from the production wells without having any
observation well(s). This test is regarded as the “single-well test”. Records of
pumping test have been collected from the BADC, Kushtia for this work. The
locations of wells meanwhile documented in Figure 1. In this study, an attempt
has been made to determine some important aquifer properties viz. transmissiv-
ity, hydraulic conductivity, hydraulic diffusivity and specific yield using available
92 “single-well test” data. In addition to these, specific capacity, specific draw-

down and radius of influence have also been determined.

3.1. Transmissivity

The aquifer transmissivity is a parameter that is fundamental to any groundwa-
ter flow characterization and allows a better evaluation of hydrogeological prop-
erties of an aquifer. It is defined as the rate at which water of prevailing kine-
matic viscosity is transmitted through a unit width and whole thickness of the
aquifer in unit time under unit hydraulic gradient (Todd, 1980). The transmis-

sivity (7) of an aquifer is given by:
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T=Kb (1)

where, Kis hydraulic conductivity and b is the aquifer saturated thickness.

In order to estimate the transmissivity for the present study area, the concept
of specific capacity has been applied. Here, the relation between transmissivity
and specific capacity established by Haque (2008) for a sedimentary formation
adjoining the present study area lying in the same delta has been used. The li-

near empirical equation is given below:

T =0.9083S, +1189.2 (2)

Here, S. is specific capacity which is defined as:
S.=0/S, (3)

where, Qis pumping rate and S, is drawdown in pumped well at a specified time
since pumping began.

The specific capacity used in Equation (2) has been estimated using three-step
pumping test for the duration of 270 min, each step being equal duration of 90
min conducted by the BADC, Kushtia.

3.2. Hydraulic Conductivity

Hydraulic conductivity is a measure of how easily water can pass through soils
or rocks (Thorbjarnarson et al.,, 1998). The higher the hydraulic conductivity,
the faster the water flows at a given pressure (Bouwer & Rice, 1976; Todd, 1980).
The hydraulic conductivity, K is usually computed from the transmissivity value
and the corresponding saturated thickness of aquifer according to the following
equation:

K=T/b (4)

where, 7'is the transmissivity and b is the aquifer saturated thickness.

3.3. Hydraulic Diffusivity

Hydraulic diffusivity is defined as the ratio of transmissivity to the storage coef-
ficient or, equivalently, hydraulic conductivity to specific storage, which can be

written as:

T K K

S S S
where, D is hydraulic diffusivity, 7'is transmissivity, K is hydraulic conductivity,
b is saturated thickness of aquifer, Sis storage coefficient, and S, is specific sto-

rage (5/b).

3.4. Specific Yield

The volume of water, expressed as a percentage of the total volume of the satu-
rated formation, that can be drained by gravity is called the specific yield S,
(Raghunath, 1987; Earle, 2006). The specific yield values proposed by Johnson
(1967) (Table 1) are used in this study. The specific yield of any volume of
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Table 1. Assigned specific yield values for different lithology used for the study area (after
Johnson, 1967).

Materials S, (%) Materials S, (%)
Clay 3 Medium to coarse sand 27.5
Fine sand 23 Coarse sand 27
Fine-medium sand 25.5 Coarse sand gravel 25.5
Medium sand 28 - -

geologic material can be obtained by summing up the specific yields of all the
unit volume it contains. The weighted average specific yield can be written as:
5 = Mm +M,m, +---+M m,
7 M +M,++M,

(6)

where, M is the unit thickness and m is specific yield of respective formation in

percent.

3.5. Radius of Influence

When groundwater is pumped from a well a cone of depression occurs in aqui-
fer (Figure 2). In an unconfined aquifer, this is an actual depression of the water
levels. In confined aquifers, the cone of depression is a reduction in the pressure
head surrounding the pumped well. The land area above a cone of depression is
called the area of influence and the distance from the center of the well to the
edge of the cone of depression is called the radius of influence. In the field, ra-
dius of influence gives an insight about the well spacing (Fletcher, 1998).

Radius of influence of pumping well gives an insight about the well spacing. In

the present study the equation proposed by Bear (1979) is used to determine the

T
R= 1.5\/; (7)

where, R is the radius of influence for both confined and unconfined aquifer, T

radius of influence as:

and Sare transmissivity and storage coefficient respectively.

As the aquifer of the study area is unconfined in nature so the storage
co-efficient, S'is chosen as 0.01 as mentioned by UNDP (1982) and MacDonald
(1992).

3.6. Specific Drawdown

Drawdown (DD) in a well is the difference between the initial static water level
(SWL) before pumping started and the pumping water level (PWL), sometimes
called dynamic water level, at any given time during the pumping.

DD = SWL— PWL (8)

The specific capacity (SC) of a well is defined as the Pumping flowrate (Q) per

unit of drawdown produced in the well.
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Figure 2. Diagrammatic section of a pumping well (after Raghunath, 1987).

SC=0Q/DD (9)

In well hydraulics the parameter, specific drawdown (SDD) inverse of specific
capacity,

SDD =1/SC (10)

is widely used for studying the aquifer properties.

4. Result and Discussion
4.1. Transmissivity

The transmissivity had been determined using Eden and Hazel (1973) method
with the aid of StepMaster™ software. The discharging rates of the steps are
4893.15 m®/day, 6116.43 m’/day and 7339.72 m®/day. Here, the final step (3"
step) was taken into consideration. Transmissivity of all the wells of the study
area has been estimated using the Equation (2) and depicted in Figure 3. The
transmissivity values range from 1811 - 2568 m?/day, the average being 2190
m’/day. Most of the area covers within the transmissivity values from 2029
m’/day to 2460 m’/day, whereas there are few pockets having transmissivity
greater than 2460 m’/day and lower than 2029 m’/day distributed in different
parts of the area.

The aquifer in the study area is comprised of highly transmissible formations
as described by Pitman (1982) for Bangladesh. High transmissivity of the area
implies that the aquifers are capable of transmitting water for both irrigation and
domestic purposes. The regions having high transmissivity value greater than
2460 m*/day indicate an excellent groundwater condition, whilst the zones with
moderate transmissivity of 1920 - 2460 m*/day are very good for groundwater
exploration. The region having low transmissivity value less than 1920 m?*/day
may be considered as good for groundwater potential. It could be mentioned
here that the area is favorable for groundwater development in terms of

groundwater transmitting property provided.

4.2. Hydraulic Conductivity

Hydraulic conductivity is an important parameter in hydrogeology. This para-
meter is useful for groundwater management, protection and prediction of con-

taminants transport. The hydraulic conductivity determines the ability of the soil
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Figure 3. Spatial distribution of transmissivity in the study area.

fluid to flow through the soil matrix system under unit hydraulic gradient per
unit time. The hydraulic conductivity depends on the soil grain size, the struc-
ture of the soil matrix, the type of soil fluid, and the relative amount of soil fluid
(saturation) present in the soil matrix. Hydraulic conductivity varies with par-
ticle size for unconsolidated porous media; clayey materials exhibit low values of
hydraulic conductivity, whereas sands and gravels display high values. Pumping
test of wells is the most reliable method for estimating aquifer hydraulic conduc-
tivity. In this work, the hydraulic conductivity of the aquifer for each well has
been estimated from the calculated transmissivity value and aquifer saturated
thickness. The spatial distribution of hydraulic conductivity estimated using
Equation (4) is illustrated in Figure 4. Hydraulic conductivity of the study area
varies from 32.5 m/day to 61.5 m/day. Few small pouches of 32.5 - 40.7 m/day
are distributed in different parts of the study area, but most part of the area with
the value of 40.8 - 49 m/day specifies the favorability for groundwater explora-

tion.

4.3. Hydraulic Diffusivity

The hydraulic diffusivity has a controlling role in the evaluation of groundwater
flow behavior. It gives a measure of diffusion speed of pressure disturbances in
groundwater system; large values of hydraulic diffusivity lead to fast propagation

of fluids in aquifer.
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Figure 4. Spatial distribution of hydraulic conductivity in the study area.

The hydraulic diffusivity is an indicator of connectivity, higher values of dif-
fusivity reflect higher degrees of flow and transport connectivity. The areal dis-
tribution of hydraulic diffusivity is useful in assessing the groundwater potential
of aquifer. The Equation (5) is used to estimate the hydraulic diffusivity of the
study area taking 7 and S into account. The value of storage co-efficient, S is
considered as 0.01, since the aquifer of the area is unconfined in nature (UNDP,
1982; MacDonald, 1992). The spatial distribution of hydraulic diffusivity is pre-
sented in Figure 5. The hydraulic diffusivity varies from 181,143 m?*/day to
256,788 m?/day. This parameter indicates the regions having higher values are
comparatively favorable for groundwater development because of higher de-
grees of flow and transport connectivity. It can be noted that the hydraulic
diffusivity map is the reflection of the map for transmissivity due to their di-

rect relation.

4.4. Specific Yield

The spatial distribution of specific yield of the study area calculated using Equa-
tion (6) has been presented in Figure 6. Its values are, in general, representative
of the ultimate amount of time for drainage. The specific yield of unconsolidated
sediments of the area is related to the texture classes and within the classes, de-
pending upon the composition i.e. the more sand in the sediments the higher the
specific yield. Several zones have been demarcated in the area based on the range
of its values varying from 17.97% to 23.46%. There are some pouches with spe-

cific yield smaller than 20.33% distributed over the area, but most of the area
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Figure 5. Spatial distribution of hydraulic diffusivity in the study area.
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Figure 6. Spatial distribution of specific yield in the study area.

covers with the value ranging from 20.33% to 21.89% which indicates the suita-

bility of the area for groundwater exploration.
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4.5. Radius of Influence

The spatial distribution of the radius of influence estimated using Equation (7)
for the unconfined aquifer of the study area is presented in Figure 7. The esti-
mated radius of influence is valid for the well pumped with a pumping capacity
up to 7339.72 m*/day, having a pipe diameter of 0.152 m. The radius of influence
of the area ranges from 638 m to 760 m. The major part of the area covers with
the value of 674 - 725 m, while few pockets of 638 - 673 m and 625 - 760 m are
distributed over the area.

4.6. Specific Drawdown

In this work, the specific drawdown has been estimated from the final step of
three steps single-well pumping test data for each well of the study area and illu-
strated in Figure 8. In major part of the area, the specific drawdown varies from

57 m/cumec to 96.5 m/cumec except a small pouch located in the middle with
specific drawdown ranging from 96.6 m/cumec to 126.1 m/cumec. Since low
drawdown represents a high specific capacity but high drawdown indicates low
specific capacity, hence the wells having identical discharge rate will withdraw
less amount of water from the wells placed in the regions of high specific draw-

down than that of low value occupied zones.

5. Conclusion
Pumping test is the most reliable method for estimating aquifer properties.
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Figure 7. Spatial distribution of radius of influence in the study area.
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Transmissivity, an important aquifer characteristic, belongs to the study area is
varying from 1811 m’/day to 2568 m*/day, the most area coverage is with the
transmissivity of 2029 - 2460 m’/day occupied in the middle, northwest and
southeast zones. The estimated hydraulic conductivity lies between 32.5 m/day
and 61.5 m/day. Another hydraulic parameter, the diffusivity varies from
181,143 m?/day to 256,788 m*/day. This parameter indicates the zone having
higher values are comparatively favorable for groundwater development because
of higher degrees of flow. The specific yield, in general, represents the ultimate
amount of time for drainage. Several zones have been demarcated in the area
based on the range of its values varying from 17.97% to 23.46%. Well spacing
has been proposed for the study area from the knowledge of the radius of influ-
ence estimated using an empirical formula under unconfined condition since the
aquifer of the area is unconfined in nature. Observed minimum and maximum
radius of influence of the area are 638 m to 760 m respectively. The distribution
of the deep tube wells in the area is not within the radius of influence with each
other, but there are shallow tube wells working for irrigation in and around the
area of influence of deep tube wells as has been observed in the field. The specific
drawdown of 57.0 - 126.1 m/cumec reveals that both the aquifer and abstraction
wells of the area are in good condition. The overall range of the estimated hy-
draulic parameters of the aquifer system suggests that the area is hydrogeologi-
cally favorable for groundwater development provided the other conditions are

satisfied.
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