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Pumping and sustainability of groundwater resources:
A case study on Mohadevpur Upazila of northwest
Bangladesh

SYEDA FAHLIZA BEGUM*, FARIHA ISLAM & LILYMA AKTHER

Abstract

Excessive pumping of groundwater is a warning for sustainability of an aquifer. In this
research, abstraction of groundwater and its impact on shallow aquifer in Mohadevpur Upazila
are evaluated from analysis of exploratory bore logs, historical record of groundwater level,
rainfall, river water level and pumping data. A coarse sand aquifer with occasional gravel and a
fine sand aquifer, with thickness 15 mto > 55 m and 3 m to 38 m respectively, are revealed from
bore log analysis within 100 m depth. The aquifers, prevailing in most of the area, are confined
to semi-confined in nature. Annual fluctuation of hydraulic heads of groundwater were almost
stable up to 1991. After 1991, these variations has decreased in most of the area. Seasonal
variation in hydraulic heads is strongly associated with monsoon rainfall and river water level.
Analysis of data reveal that the annual artificial discharge of groundwater from shallow aquifer
has gradually increased with the expansion of irrigation since 1980. In 2015, artificial discharge
was about 51 times higher than that of 1980. However, the rate of extraction was reduced at
the later period. Decadal changes in hydraulic heads from 1990 to 2020 show that groundwater
spatially flows from central part towards peripheral area in all seasons except in south central
part of the area in dry season of 2010. Declination of hydraulic heads of groundwater is
observed in most of the area for both dry and wet seasons within 30 years from 1990 to 2020.
The declination rate varies from 0.1 to 0.35 m/yr. Declining trends in average pressure heads of
groundwater are alarming in north east and south east parts of the area. Though the decrease in
regular vertical recharge of groundwater is deduced in this area, increased rate of declination in
hydraulic head is primarily be an impact of long term pumping of groundwater at higher rates,
which might be a cause of enduring environmental issues on that area.
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Introduction

Groundwater has been used as an important source of fresh water for the
fulfilment of domestic, irrigation and industrial water demand throughout the world.
From 1980 to 2022 the population of Bangladesh increased from 83.93 million to
169.82 million. Over 87% of this population is somewhat related to agriculture-
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based economy. As the largest employment sector in Bangladesh, agriculture has
been a key driver to exterminate rural poverty in Bangladesh. However, proper
development of agricultural sector is depended on the proper planning of available
water resources and systematic use of modern technology. In this research work, a
hydrogeological study is carried out in the Mohadevpur Upazila of Naogaon district
in north west part of Bangladesh, where the groundwater is used as a main source of
water to fulfil the domestic, agricultural and industrial needs especially in dry season.

The study area (Fig. 1) is located in between latitudes 24°48’ N to 25°01’N and
longitudes 88°38’ E to 88°53’ E with an area of about 397.67 sq. km. Two distinct
landforms characterize the area — a portion of the Barind Tract covering about
70.30% of the total area and the floodplain of the River Atrai covering about 29.70%
(UNDP/FAO 1988). Other than, the River Atrai and the River Shib flowing from north
to south direction, Sikari Beel and Belakuthi Beel are prominent surface water bodies
in the study area.

Tectonically, Mohadevpur Upazila is situated in the Stable Platform of the Bangal
Basin. The Stable Platform is a part of the continental crust overlain by the sediments
of Cretaceous to Recent times. Distribution of the physiographic units shows the
variation in surface geology of the area. The oldest surface deposits outcropped
in the Barind area is the Modhupur Clay of the Pleistocene age. This formation
is consisting of unconsolidated yellowish brown to brown clay in upper part and
changes progressively into coarser sediments with increasing depth. In the areas of
recent floodplain alluvium, silts and clay predominate in the upper 8 m to 10 m and
with depth these deposits also become coarser (BRAMMER 1971; MORGAN & MCINTYRE
1959; MONSUR 2020).The surface temperature and air temperature are relatively
higher in the Barind Tract (BEGUM et al. 2003). The study area is characterized by a
tropical-humid climate with extreme hot and cold of the country. The cold weather
prevails from November to February with temperature ranges from 5°C to 15°C. This
period is cool and almost lack of precipitation. The period, from March to May, is hot
and has periodic thunders shower. Temperature generally reaches maximum about
42°C in April and May. From June the monsoon starts and prevails up to October.

The population density is 740 person/sq. km (BBs 2011). Economy of this area is
mainly based on agriculture. Total cultivated land is 30350 hectares. For the extension
of irrigation a huge number of tube wells has been being installed and operated
within this area from the early seventies. Due to excess abstraction, maximum
depth to groundwater level in and around the well field is declining significantly
(SHAMSUDDUHA et al. 2009; BEGUM 2003). Over pumping of groundwater may cause
the irreversible environmental impacts. Deterioration of groundwater quality is
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already inferred in some part of the Barind area (KNAPPETT et al. 2016; WOOBAIDULLAH
et al. 1998). Proximity to a confining clay layer expels organic carbon as an indirect
response to groundwater pumping which caused arsenic contamination of the pre-
Holocene aquifer in Bangladesh (MIHAJLOV et al. 2020). Some researchers devised
a mechanism to infer the pumping triggered direct evidence of As contamination
in aquifers of different localities in Bangladesh, Vietnam and California (MIHAJLOV
et al. 2020; ERBAN et al. 2013; SMITH et al. 2018). The main objective of this study
is to evaluate the effect of long term pumping of groundwater and its impact on
sustainability of the shallow aquifer.

Materials and Methodology

In this research, 14 exploratory bore logs data were analyzed to find out the
location, depth, extent, thickness and constituents of aquifers and aquitards prevailing
in the study area. The data were collected from Bangladesh Water Development
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Board (BWDB). In the bore log data collection program, drilling of shallow (about
53.35 ~ 107 m depth) holes were accomplished by core drilling rigs which collected
split-spoon and washed samples at selected intervals and at changes in lithology. The
lithological log is prepared at the test site by the field geologist. Groundwater level
data from 7 (seven) piezometric wells for 40 years (1980-2020), collected from BWDB
and BIADP (Barind Integrated Area Development Project), were analyzed to observe
the occurrence, movement and fluctuation of hydraulic head of groundwater. The
piezometric wells are small diameter wells equipped with screens installed at depths
of 22.36 m to 34.67 m. Data locations are presented in the map (Fig. 1).

For each observation well these water level data has been recorded periodically
(every Monday at approximately 6 am) over the years. Daily and annual rainfall (from
19800 2020), river water level and discharge data of the River Atrai for the same period
collected from Bangladesh Meteorological Department (BMD), Bangladesh Water
Development Board (BWDB) and Water Resources Planning Organization (WARPO)
were used to verify the changes in the sources of annual recharge to the aquifer in the
study area. A record on historical growth of various irrigation equipments in the study
area was also collected from the reports of Bangladesh Agricultural Development
Corporation (BADC 2007 & 2020) and Barind Multipurpose Development Authority
(BMDA 2004) to assess artificial discharge from the aquifer.

Results and Discussion
Geometry and Type of Aquifer

Analysis of individual exploratory bore log, hydro-stratigraphic cross sections
(Fig. 2) and a three-dimensional fence diagram (BEGUM et al. 1997) portray the
variation in lithology, thickness and extension, particularly a three-dimensional view
of the subsurface sequential position of the aquifer and aquitards in the study area.
The aquifer is sandwiched between upper and lower clay and silty clay aquitards over
most of the area. The aquifer consists of fine to coarse grey to yellowish brown sands
and occasional gravels of the Dupi Tila Formation of the Pliocene age. Thickness of
the coarse sand and fine sand aquifers range from 15 mto > 55 mand 3 mto 38 m
respectively.

The upper brown to reddish brown clay and silty clay layer varies up to 15 m in
thickness. The lower silt and clay layer with very fine sand lenses is encountered in
6 bore logs at depth from 35 m to 48.78 m with thickness ranged from 1.5 m to > 60
m. From lithological characteristics and sequential position of the strata, it is assumed
that the aquifer existed in this area is confined to semiconfined in nature. Hydraulic
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Fig. 2. Subsurface hydro-stratigraphic cross sections along the lines AB(a), CD(b) and EF(c). The lines are

shown in the location map of (Fig. 1).

properties of the aquifers calculated by previous works (BEGUM 2003; BEGUM et al.
1997) also comply the observation about the nature of aquifers in this area.

Fluctuation of Groundwater and Surface Water

In this research work, weekly groundwater level data from January 1980 to
December 2020 are analyzed and used to calculate the total hydraulic head based
on Bernoulli Principle (BERNOULLI 1968). Results are presented in the Fig. 3. The
figure (Fig. 3) demonstrates the elevation of groundwater levels are highly seasonal
and influenced by the strong seasonal variations of monsoonal rainfall (Fig. 4a).
Seasonal changes in initial pressure heads were almost stable up to 1991 and ranging
from 3.99 to 7.62 m for dry and wet seasons respectively. After 1991, these variations
have gradually been decreased in most of the area fluctuating from 0.48 to 4.3 m.
Overall trend of average pressure heads of groundwater has also been declining in
all observation wells since 1991 except well no. RJ145 (Fig. 3). In well no. RJ145, the
pressure head shows an increasing trend from 2015 (Fig. 3g-2). The increasing trend
in pressure head could be attributed to the pumping of groundwater at lower rate

from 2015 (Fig. 5 & 6). From the observation of seasonal fluctuation and long term
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changes in hydraulic head in between 1980 to 2020, alarming condition are found
in and around the area of observation well nos. RJ014, RJ057, RJ058 and RJ138 (Fig.
3a,b,c & d). Declination of groundwater level in other parts of the Barind Tract area
are also detected by different research works (BEGUM & MARRIOTT 2011; HASAN et al.
2018; SHAMSUDDUHA et al. 2009).
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Fig. 3. Hydrographs represent the seasonal variation in hydraulic head of groundwater. Linear trend lines
also signify the gradual declination (a to g-1) and increase (g-2) in hydraulic head.
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Fig. 4. Hydrographs of (a) daily rainfall and (b) monthly river water level data represent the seasonal
variation in the monsoon rainfall and river water level for the River Atrai in the study area
respectively. Solid and dash curves (b) symbolize maximum and minimum water level. Linear
trend lines (b) also represent the gradual declination of river water level for dry and wet season.

Water levels of the River Atrai (Fig. 4b), for dry and wet seasons, shows a gentle
declination of river water levels over the years from 1998 to 2018, which indicate the
decreasing trend of regular river water discharge as well in the study area.

Groundwater Abstraction and Decadal Changes in Hydraulic Head

For the development of irrigation, the number of shallow tube wells (STW) and
deep tube wells (DTW) installed in the study area has gradually been increasing
over the years since 1980 (BwDB 1990) (Fig. 5). This number has noticeably been
increased from 1993. In 1980, number of STW and DTW installed was 279 and
17 respectively. Within 2017, the numbers attained at 15578 and 575 respectively,
though the number of STW was reduced after 2015. Expansion of tube wells taped in
an aquifer has augmented the use of groundwater of that area.

Considering data reported by the field survey conducted by BIADP (Barind
Integrated Area Development Project) in 1989, groundwater discharge from the
aquifer has been estimated in this research. The survey depicted that the DTWs are
generally run for nearly 120 days per year in dry season at an average rate of 13
hours daily (Bwps 1990). The average discharge capacity of a DTW and a STW are 2
cusec and 0.5 cusec (sometimes less) respectively. The report also specified that some
wells were dry and some were become dry during pumping. Considering discharge
capacity, five STWs are assumed to be equivalent to one DTW and total yearly
discharges for forty years (1980-2020) are estimated in this research and presented
in Fig. 6. Same approach was practiced by BwDB (1990) to calculate the equivalent
number of DTWs.

Infiltrated rainfall, flooded water and channel discharge are the main sources
of groundwater recharge (WOOBAIDULLAH et al. 1998; UNDP 1982). The historical
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record of annual rainfall (Fig. 7) shows that the pattern of annual rainfall from 1980
to 1998 is analogous and the annual rainfall for this period ranging from 1200 to
2140 mm with an average of 1668 mm. This pattern, however, has been changed
for the period 1999 to 2020. The average amount of annual rainfall for this period is
1426 mm with a range from 709 to 1785 mm. Though the average annual rainfall of
this area is always below the average annual rainfall of Bangladesh, the noticeable
change is found in the amount which is decreased in last 22 years from 1999 to 2020.
This change may be an indication of global climate change and have an impact of
lowering in hydraulic head of groundwater.
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Fig. 5. Historical growth of various irrigation equipments - Shallow Tube Well (STW) and Deep Tube Well
(DTW) installed in the study area.
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Fig. 6. Historical record of artificial discharge of groundwater from the shallow aquifer.

Contour maps of hydraulic heads for dry and wet seasons (Figs. 8a,b) are prepared
by using ArcGIS 10.8. The maps represent decadal changes in hydraulic heads and
groundwater movement in the shallow aquifer for the years 1990, 2000, 2010 and
2020. The spatial movement of groundwater show groundwater flows from central
part towards peripheral area except in south central part of the area in dry season of 2010.
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Fig. 7. Annual rainfall pattern indicates the average annual rainfall has been decreased significantly from
1999. Dotted lines indicate the average annual rainfall.

The maps clearly represent the declination of hydraulic heads in most of the area
for both dry and wet seasons during the period of 30 years from 1990 to 2020. From
statistical analysis of these results, declination rate for each observation well has
been calculated (Table 1). In wet season, the rate varies from 0.35 to 0.11 m/yr and
maximum declination rate is observed in the areas near well no. RJ058. In dry season,
maximum declination rate is detected in well no. RJ138. From 2010, the rate was
increasing with 0.32m/yr. However, it was 0.14 m/yr from 1990 to 2010 in the same
area. Minimun rate (0.1Tm/yr) of hydraulic head declination is found in areas near the
well no. RJ056. Increased rate of declination in hydraulic head of groundwater may
primarily be an impact of withdrawal of groundwater at higher rates which is already
inferred from Fig. 5 and Fig. 6.

Table 1. Declination Rate in hydraulic head of groundwater detected in different observation wells.

Observation Declination Rate (m/year)

Well ID Dry Season Wet Season

RJO14 0.08 0.27
RJO18 0.15 0.24
RJO56 0.1 *0.15
RJO57 0.16 0.27
RJO58 0.16 0.35
RJ138 **0.32 0.11
RJ145 *0.11 0.11

Note: * Hydraulic head was declining from 1990 to 2010, but increasing from 2010.
** Hydraulic head was increasing from 1990 to 2010, but declining from 2010.
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Fig. 8a. Decadal Changes in hydraulic head and spatial movement of groundwater in shallow aquifer of
Mohadevpur Upazila for dry season.

Some researchers have already mentioned that the groundwater exploitation in

many locations has become unsustainable and suggested artificial recharge to the

aquifer to prevent the permanent groundwater mining (MOJID et al. 2019). To avoid
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the permanent degradation of groundwater quality and to save the aquifer for next
generation, time to time monitoring and proper management are, therefore, essential

in this area.
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Conclusion

Groundwater Extraction and its impact on sustainability of the shallow aquifer
of Mohadevpur Upazila has been evaluated in this study. A coarse sand aquifer with
occasional gravel (15 m to > 55 m thick) and a fine sand aquifer (3 m to 38 m thick)
are revealed within about 100 m depth. The aquifers prevailing in most of the area
are confined to semi-confined in nature.

The groundwater spatially flows from central part towards peripheral area in
all seasons. Seasonal fluctuation in hydraulic head of groundwater, varied from 4 m
to 7.6 m for dry and wet seasons, respectively, were almost stable up to 1991. After
1991, the fluctuation has been decreased in most of the area ranging from 0.48 m
to 4.3 m. Seasonal fluctuation and long term changes in hydraulic head reveal that
the declination of pressure heads are in alarming condition in and around the areas
of observation well nos. RJ014, RJ057, RJ058 and RJ138. From 1990 to 2020, the
declination rate varies from 0.35 to 0.11 m/yr and 0.32 to 0.1 m/yr during wet and
dry seasons, respectively.

The average annual rainfall decreased significantly from 1999 to 2020. Water
level of the River Atrai has also been gently declining since 1998. Decreasing in
average amount of annual rainfall and lowering of river water level indicate that the
regular vertical recharge of groundwater has decreased in the study area. On the
other hand, abstraction of groundwater has been increased since 1980. Estimated
amount of extracted groundwater was 51 times higher in 2015 than that of 1980.
After 2015 the extraction was reduced significantly. However, in 2020 the amount
was 26 times higher than that of 1980.

Though the decrease in regular vertical recharge of groundwater is deduced in
this area, increased rate of declination in hydraulic head of groundwater is primarily
be an impact of long term pumping of groundwater at higher rates. To avoid the
irreversible environmental impacts due to permanent depletion of pressure head of
groundwater, proper management of this invaluable resource and its reservoir are
subjected to concern.
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