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Abstract: For proper planning and management of groundwater of an area, zoning of groundwater is essential which can
be done by using modeling tool. Groundwater zoning is very important, especially for irrigation project as well as drinking
needs. So, the present study aims to assess the zoning of groundwater at the Joypurhat district located in the north-west
region of Bangladesh. MIKE SHE modelling tool has been used for this study. A groundwater flow model has been
developed with calibrating for the period of 2001 to 2006 and validating for 1995 to 2000. As Hand Tube Well (HTW) and
Shallow Tube Well (STW) operate under suction mode and they can operate with full efficiency when groundwater table
remains within 6m from ground surface, this depth has been considered as the safe yield criteria. Groundwater zoning has
been done based on the safe yield criteria. At the end of April groundwater level goes below 6m from the ground surface in
Kali, Khetlal, Akkelpur and Panchbibi wupazila. These areas are considered as deep zone. On the contrary, Joypurhat
Sadarupazila is considered as the shallow zone because groundwater level remains within the 6 m from the ground surface

in this upazila.
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1. Introduction

Bangladesh is recognized as a lower riparian country of
the Ganges-Brahmaputra-Meghna (GBM) Deltaic region in
South Asia ranked second in the list of most vulnerable
countries in the world. Here efforts to reduce poverty are
constrained due to reduction in availability of fresh water
and food security as lives and livelihoods depend on water
and agriculture. Presently groundwater based irrigation is
adopted to cultivate high-yielding rice variety during dry
season in South Asia as Bangladesh is the world’s fourth
biggest rice-producing country [1, 2]. Since the 1970s and
80s green revolution technologies of improved irrigation
infrastructure, access to chemical fertilisers and pesticides,
increased mechanisation and improved varieties have
greatly increased rice yields in Bangladesh [3]. Here
agriculture contributes nearly 20% of the GDP as rice crops

cover 75% of the cropped areas and contribute over 95% to
the total food grain production. In Bangladesh, the area
irrigated by groundwater (as a fraction of total irrigated area)
grew from 4% to 70% between 1972 and 1999 [4]. The
significant growth in the country's irrigated agriculture has
happened in the past decade which resulted ever increasing
demand of finally leads to water shortage [5, 6]. The study
area located in the north-west region of Bangladesh is
mainly drought prone. Groundwater is the main source of
irrigation and drinking use as the surface water sources are
very limited. Due to limited scope of surface water during
dry season, in most of the study area, irrigation is done
using groundwater by means of DTWs and STWs [7]. The
location map and the digital elevation model of the study
area are shown in Figure 1 and Figure 2. The study area
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includes entire five upazilas of Joypurhat district (Upazila
and district are the second and third tiers of administrative
units in Bangladesh). Topography of the study area varies
from 24 m PWD in Panchbibi to 14.4 m PWD in Akkelpur.
The area is almost flood free making it suitable for round
the year cultivation. The study area is relatively flat, sloping
from North to South. Top soil of the study area is mainly
clay and the aquifer properties like Transmissivity varies
from 1240 m®/day to 1700 m®/day in the study area [8].
Like the other natural calamities and disasters such as
floods or cyclones [9, 10], droughts affect the north-western
parts including the study area of the country more severely
when monsoon fails. The ever increasing demand of water,
caused by climate change, urbanization and population
growth, poses increasing stress on groundwater as a
resource [11, 12].

Moreover more than 15000 installed Deep Tube wells
(DTWs) [13] have caused the over exploitation of
groundwater. Agriculture as well as irrigation and urban
water demands cause the over exploitation of groundwater
[14-16]. This over exploitation is the cause of declining
the ground water level (GWL) [17, 18]. The excessive
withdrawal of groundwater also put threat on its resource
sustainability [19-22]. So for sustainable use of
groundwater in planned way proper zoning of
groundwater is a vital issue. The physically distributed
hydrological modeling tool like MIKE SHE [23] & MIKE
11 [24] is very useful for the for the assessment of
potential groundwater and surface water resources IWM
[25, 26, 8, 27]. So for the study MIKE SHE modeling tool
has been used.
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Figure 1. Location map of the study area.

2. Methodology

Conceptual development of a model is the initial stage of the groundwater model study. Model refinements are based on the
availability and quality of data, hydrogeological understanding and modelling study scope. The general approach has been as

shown through the flow chart as in the Figure 3.
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Figure 2. Digital elevation model of the study area.
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Figure 3. Detail flow chartfor the study.

To develop the groundwater model using MIKE SHE,
rainfall and Evaporation data for the period of 1975 to 2006,
groundwater level data, lithological and aquifer properties
data and Land use data have been collected from Institute of
Water Modelling (IWM) and Bangladesh Water Development
Board (BWDB) and used.

Yearly mean rainfall of the 9 rainfall station is shown in
Figure 4. The figure 4 shows the average of the mean annual
rainfall is around 1800 mm.
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Figure 4. Mean annual rainfall of the study area.

The average annual evaporation of the study area is around
1060 mm. Groundwater observation level data is an
important parameter to the groundwater model as it is used
for the generation of boundary and initial condition of the
model and for calibration and validation of the model.
Available groundwater level data have been collected from
the BWDB observation wells and used for the model. The
groundwater level fluctuation data of Joypurhat Sadarupazila
is shown in Figure 5.
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Figure 5. Fluctuation of groundwater level atJoypurhat Sadar.
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Test boring data (litholog data) have been collected from
IWM. The main aquifers of the study area range from 15 m

56

to 24 m and the screenable thickness of aquifers range from
33 m to 46 m within the depth range 57 m to 87 m (Figure 6).
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Figure 6. Screenable thickness of main aquifer of the study area.

The hydraulic properties of aquifer have been collected
from IWM office which is shown in Figure 7 (a-c). Figure
shows that Hydraulic Conductivity ranges from 40 m/day to

45 m/day, Specific Yield values varies from 0.03 to 0.10 and
Transmissivity varies from 1300 m*day to 1600 m*/day in
the study area.
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Figure 7. Contour map of Hydraulic conductivity (a), Specific yield (b) and Transmissivity (c).
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2.1. Model Setup

Model setup involves a geometrical description and
specification of the hydrological system of the study area.

The study area has been discretized into grids of 1000 m
by 1000 m square cells as shown in Figure 8. The model has
48rows and 37 columns and total of 1776active cells in each
layer. Among the grid cells, 151 grids are the boundary cells
and the rest are computational cells.
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Figure 8. Discretization of the model domain.

2.2. Model Calibration and Validation

Groundwater level data have been used for the calibration
and validation purposes. The model has been calibrated for
the period 2001 to 2006 and validated for the period 1995 to
2000. Calibration and Validation curve of groundwater level
for the observation well BO-008 at Panchbibi is shown in
Figure 9 (a & b).

The Figure 9 shows that the overall calibration of the
present model is acceptable and the validation plots depict a
good correlation between the observed and the simulated
values.

2.3. Selection of Design Year

In this study, design year has been selected based on return
period of mean annual rainfall of the study area. The annual
rainfall recorded for the period of 32 years (1975-2006) has
been considered for statistical analysis. The year 2002 has
been selected as the design year based on the statistical
analysis.
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Figure 9. Calibration (a) and validation (b) curve of groundwater level for
the observation well BO-008.

2.4. Safe Yield Criteria

Hand Tube Well (HTW) and Shallow Tube Well (STW)
operate under suction mode. The HTW and STW become
completely inoperable condition when depth to groundwater
table goes beyond suction limit, i.e., 7m from ground surface.
On the other hand HTW and STW can operate with full
efficiency when groundwater table remains within 6m from
ground surface. If water table remains within 6 to 7m depth,
HTW and STW still can abstract water but efficiency will be
less and more energy will be required. Considering these
facts, 6m depth to groundwater table from ground surface has
been considered as safe yield limit to ensure the drinking and
irrigation water supply through HTW and STW respectively
with full operational efficiency.

2.5. Groundwater Resource Assessment

In the study area groundwater resource has been calculated
depending on recharge characteristics and safe yield criteria.
To calculate the groundwater resource, the availability of
groundwater within the allowable depths are estimated based
on available saturated thickness up to this depth multiplied
by specific yield of the area:

Vo=AxAh x S y

Here, V,, is the volume of water, Ah is the saturated
thickness within allowable depths and S, is the specific yield
of the aquifer.

Groundwater resources availability within the 6 m depth
have been calculated depending on available saturated
thickness up to 6 m depth multiplied by specific yield.

3. Result and Discussion

3.1. Available Groundwater Resources Before Irrigation
Period

Available groundwater resources have been calculated
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based on the saturated thickness and the values of specific
yield from the calibrated model. Upazila-wise available
groundwater resources upto6m from the ground surface are
shown in Table 1.

Table 1. Upazilawise available groundwater resources up to 6 m depth from
the ground surface.

Available groundwater resource

District Upazila

mm Mm®
Akkelpur 231 34
Joypurhat Sadar 456 112
Joypurhat Kalai 511 84
Khetlal 435 63
Panchbibi 411 113
Total 2044 406

3.2. Groundwater Zoning

A simulated groundwater depth map has been prepared at

the end of irrigation season that is at the end of April as
shown in Figure 10. It is observed that Groundwater level
goes beyond 6 m from the ground surface in the upazilas of
Kalai, Khetlal, Akkelpur and Panchbibi. Hence these areas
are not suitable for STW irrigation. So, these areas are
considered as deep zone. In Joypurhat Sadarupazila the
groundwater level is within 6 from the ground surface.
However, groundwater depth up to 6 m is considered as
suction limit for STW and HTW without constraint. Based on
this criterion, the study area is divided into shallow and deep
zone from groundwater abstraction point of view. However,
in shallow zone, abstraction by DTW is also possible. So it
can be considered as mixed mode zone. Figure 10 shows the
groundwater zoning map of entire study area. The zoning
map shows that, maximum part of the study area falls under
deep zone and some portions of Joypurhat Sadar and
Panchbibi zone fall under shallow zone.
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Figure 10. Groundwater zoning map of the study area.
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4. Conclusions

Development of the model has been done with satisfactory
calibration and validation and available groundwater resource
for the study area has been calculated based on the maximum
groundwater table 6 m from ground surface. According to the
depth of groundwater table, groundwater zone has been
divided into Shallow zone and Deep zone. The upazilas Kalai,
Khetlal, Akkelpur and Panchbibifall under Deep zone while
the upazila Joypurhat is in Shallow zone. The Shallow zone
may not be limited to STW use only, it may be deemed as a
mixed zone where both the STW and DTW can be used. Any
research output depends on the availability, adequacy and
reliability of data. Moreover, there are lots of uncertainties in
different assumptions for the estimation of recharge. More
research and study are needed.
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