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Abstract: Present study aims to evaluate performance analysis of modified recharge well (RW) technique of the Managed
aquifer Recharge (MAR) models for rain water from rooftop of office building and that of runoff water from Kharoil Beel
(Swamp) harvesting approach in Barnai river basin, north-western part of Bangladesh. In the area, the lower amount of rainfall
than country-wide average as well as less infiltration capacity of thick top clay layer lies above the potential aquifer at higher
depth put constrain for groundwater resource development against its ever increasing demand day by day along with limited
scope to conserve surface water in rivers, Kharies (canals), Beels etc. The performance of modified MAR model for recharge
rate calculation with a goal to restore declining trend of groundwater level (GWL) are found good without any quality hazard.
Moreover, for continuous operation and better performance of MAR model, regular monitoring and maintenance are necessary
along with in-depth research activities to address the burning water scarcity for drinking and irrigation management issue as
viable option in sustainable way.
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or cyclones in coastal and most part of the country [5-7], its
northwestern part is affected more severely by drought when
monsoon ends. Moreover, the unsustainable groundwater
withdrawal for integrated agricultural practices is increasing,
particularly in the agro-based granary in the country's
northwestern part popularly known as 'Barind' with an area of
7,500 km”. Physiographically the Barind area is characterized
by two distinct landforms: the Barind Tract and the
floodplains. The Tract - a dome shaped horst block of
Pleistocene age [8] has comparatively high elevation (47 m
above MSL in its central part), and parallelly bordered by
floodplain of river valleys (11 m above MSL) like the
Mahananda, Purnabhaba in west and that of the Barnai, Sib,
Atrai etc. in the southeast. The basin in the southeast is

1. Introduction

Water is one of the most valuable natural resources which
support human life and their socio-economic development.
Presently groundwater based irrigation is adopted to cultivate
high-yielding rice variety during dry season in South Asia
especially in Bangladesh - the fourth biggest rice-producing
country in the world [1-2]. Here agriculture contributes
nearly 15% of the GDP as rice crops cover 75% of the
cropped areas and contribute over 95% to the total food grain
production. 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 [3-
4]. Like other natural calamities and disasters such as floods
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characterized by step faulting having downthrown blocks
towards south with numerous streams, swamps (Beels) and
canals (Kharies) along the flow direction of the rivers [9].
Present study area is situated in Mohanpur Upazila in

Rajshahi district (Upazila and district are the second and
third tiers of administrative units in Bangladesh) in the
Barnai river basin and the location map of the area is shown
in “Figure 1”.
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Figure 1. Location map of the study area, Mohonpur Upazila, Bangladesh.

The area enjoys mainly three seasons: winter (Nov.-Feb.) -
cool and dry with almost no rainfall; pre-monsoon (March-
May) - hot and dry; and monsoon (Jun.-Oct.) - rainy. Average
rainfall in the area for the period 1980-2012 is 1325 mm
(much less than the national average of 2550 mm) with
significant decreasing trend (20-23 mm/year) [10]. The
prevailing moderate to high meteorological drought risk also
creeps towards semi-aridity in recent years [11]. The surface
deposits of the Recent Alluvial floodplain area deposited
mainly by the rivers along with their tributaries and
distributaries. The accretion of rain and floodwater to
groundwater during the monsoon results the rise of GWL, but
afterwards recharged groundwater is partly discharged into
the rivers, streams and low-lying areas with a general trend
of outflow from the Barind tract towards the river basin at the
end of the rainy and dry seasons [12].

The low rainfall as well as low infiltration capacity result
insufficient groundwater recharge along with limited scope to
conserve runoff water in rivers, Kharies, Beels etc.; and
existence of potential aquifer at greater depth for large scale
groundwater development makes the area a water scarce one.
As the demand of groundwater for irrigation increases day by
day along with meteorological variability, the stress on this
resource increases and becomes acute with the extension of
irrigated agriculture [13]. The recent declining trend of the
groundwater table (GWT) is at a higher rate than before, and
after 2002-2004, GWT did not return to its original level
[10]. Moreover, the changing climatic scenario along with
yearly irregular frequency and intensity of rainfall makes it
difficult for planned management of water resource for

Barind area [14].

So the sustainable development of groundwater resources
in the study area must be considered as the viable alternative
to support the community needs and maximizing agricultural
output by protecting the declining trend of GWT.
Distribution of average monthly rainfall shows that the
maximum rainfall occurred at July, and that of minimum
occurred at December and January. The harvesting of
rainwater and storage will help to ensure sustainability in
water supply for domestic and other uses [15] In this context,
Managed Aquifer Recharge (MAR) model, or enhanced
recharge, previously known as ‘artificial recharge’ is the
intentional diversion of surface water to the groundwater
reservoir is considered as potential option to reverse the
groundwater depletion, and play a vital role for sustainable
irrigation [16]. Moreover, the artificial recharge to improve
groundwater quantity and quality especially in Barind is
strongly recommended by the Institute of Water Modelling,
Bangladesh [17].

In present study, the rainwater roofs of office building of
the Barind Multipurpose Development Authority (BMDA) in
Mohanpur Upazila - working for irrigation management in
the Barind area under the Ministry of agriculture (MoA),
Govt. of Bangladesh (GoB); and runoff water from Kharoil
Beel are harvested through the application of MAR model
using RW with some modification and redevelopment in
structural design matching with the field condition. So the
aim of the present study is to design of RW with scientific
basis for rainwater and runoff water harvesting to augment
the groundwater resource for sustainable use where major
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challenges for MAR model application like clogging, loss of
infiltration rate, etc. [16, 18-23] have taken as priority basis
to make its performance as effective one.

2. Methodology

In present study, long term (2002-2016) rainfall and GWL
monitoring data as measured by auto- groundwater level

26

recorder from Permanent Hydrograph Stations (PHSs) have
collected from BMDA office. The rainfall data shows that the
maximum annual rainfall amount of 1400 mm and that of
minimum is 773 mm; and the long run annual average
amount of rainfall is 1088 mm and that of monthly average
rainfall is 217 mm. The annual and monthly average rainfall
pattern are shown in “Figure 2. a & b”. The maximum daily
average rainfall amount is about 92 mm.
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Figure 2. (a, b). Annual and Monthly average rainfall of study area.

The GWL prevails at depth (max. and min.) of 4-21 m
from ground surface. The borehole litholog data at the
BMDA office campus shows that 15 m clay overlies the
aquifer zone [stratified as fine (3 m), medium (6 m) and fine
(3 m) sand lithology], and underlain by clay layer. But at
Kharoil Beel, the surface lithology is comprises of 17 m clay
layer which underlain by sandy aquifer zone (3 m fine, 3 m

fine-medium, m medium, and 1.5 m coarse sand lithological
layer), and is underlain by clay layer. The lithological
samples from sandy aquifer zone from the bore holes are
collected and textural analyses (grain size) have been carried
out. The borehole lithology along with grain size distribution
curve is shown in “Figure 3 a, b”.
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Figure 3. Borehole lithology along with grain size distribution curve of aquifer zone a) Mohanpur BMDA office campus, b) Kharoil Beel recharge wells in the

study area.
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The RWs used for MAR model are designed considering

textural analysis (grain size) of aquifer layer and have
installed in 2016 at the BMDA Office Campus and Kharoil
Beel. The recharge box for MAR model in the BMDA office
campus has designed considering maximum daily average
rainfall amount of 92 mm, where coarse sand and gravel of
different sizes have used as filtering materials.
The uPVC blind pipe and strainer (nominal slot width: 1.52
mm and open area: 20%) acted as recharging pipe from
recharge box to aquifer. The annular space between the
casing assembly and the wall of the drilled hole has shrouded
by 4-10 mm size pea gravel. For monitoring of GWL, PHS
has installed nearby of respective RW.

Diameter 2.44 m

On the other hand, the RW in Kharoil Beel, the water control
and measuring structure (WCMS) (1.9 m inner diameter and
1.3 m height) has been constructed around the recharge box.

Here a number of water entrance pipes or weep holes have
placed in the wall of the WCMS at a height of 0.60 m from
the ground surface and the caps are fitted to close and open
these pipes. The installed RWs along with recharge box at
BMDA office campus and Kharoil Bee/ are shown in “Figure
4 a, b”. After installation of RWs, the groundwater recharge
RR and GWL data have measured and calculated to evaluate
the performance of application of MAR model in the study
area.
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Figure 4. Schematic diagram of recharge wells with infiltration units (a) BMDA office campus for roof top rainwater harvesting (b) Kharoil Beel for runoff

water harvesting in the study area.
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In order to ensure the safe drinking water for human need,
groundwater samples have been collected after MAR model
application at different time interval in the BMDA office
campus and have been analyzed in the laboratory of BMDA
for the physical parameters like pH, EC, TDS and TH, and
also that of chemical parameters like Fe'®, CI', Ca®", Mg**
and As (Table 1). On the other hand, surface water and
groundwater samples before and after MAR technique

application have also collected from RW in Kharoil Beel and
have analyzed for parameters like Turbidity, K, SO, NO3'2,
and PO,” in the Laboratory of the Department of Public
Health Engineering (DPHE) Rajshahi; NGO FORUM Dhaka;
and Soil Resource Development Institute (SRDI) Rajshahi
Table 1. The results of physical and chemical parameters of
groundwater and surface water samples in BMDA office
campus and Kharoil Beel areas have given in Table 1.

Table 1. Result of physical and chemical parameters of water samples in the study area.

Date of Analyzed physical and chemical parameters of water samples e
. Turbidity

sampling and - EC Fe Cl TH Ca Mg K As $0, NO; PO, o Comments

analysis nS/em ppm ppm ppm_ppm Ppm__ ppm_ _ ppm ppm ppm _ ppm

BMDA office building recharge well (Groundwater samples)

04 July2016 7.2 315 185 0997 445 203 7148 9.49 0 42 36 <00l After and before
installation (RR)

08 July 2016 7.2 217 143 0.756  43.50 195 68.51 8.95 After infiltrati

12 April 2017 73 295 169 0876 4400 202 7087 945 19 0 35 35 <001 ter infiltration
of rain water

25 June 2018 7.2 240 164 0.865 43.25 188 69.74 9.25 0

Kharoil Beel recharge well (Surface water samples)

13 July 2016 7.2 150 105 0.865 70.48 215 70.48 9.49 0 35

17 July 2017 7.0 110 75 0.998 55.96 201 57.6 12.50 0 15

16 Aug 2016 0.25 <l 65

25 June 2018 7,1 139 84 0.778  53.60 205 70.48  7.11 0 0.4 25

28 June 2018 2.80 16 0.72

18 Sept. 2018

20 Sept. 2018 7.0 110 75 0.998 56.95 202 57.6 14.20 0.009 15

10 Oct. 2018 1.17

Kharoil Beel recharge well (Groundwater samples)

13 July 2016 70 385 188 2243 4350 235 70.48 10.49 0.016 50 Before recharge

13July2016 72 120 93 0652 30.15 183 57.66 7.05 0 9 After filtering
process

18 July 2016 7.2 125 135 0.956  37.00 205 65.35 9.49 0 10

28 June2018 32 12 0.8 0.1

16 Aug 2018 1.4 <1 63 03 A
groundwater

17 July 2017 7.3 340 170 0.867 55.50 225 69.55 11.6 0 9 recharge

25 July 2018 7.0 344 192 0.688 50.25 209 64.07 11.86 0 7

20 Sept. 018 7.4 383 170 0.986 60.30 241 7295 119 0 <5

WHO 2008

Accep/ Allow. 6.5/8. - 300/ 0.5/5.0 250/60 - 75/200 50/150 - 0.01 250 50 -

. 1000 0

limit

BWDB 2005

Accep/ Allow. §.5/8. - 1000 0.3/1.0 (1)50/60 500 75 30/35 12 0.05 400 10 -

limit

3. Result and Discussion

3.1. Recharge Well in BMDA Office Campus

During rainy season, the rain water from the roof top of the
office building flows towards recharge box, then through RW
and PVC pipe strainer ultimately enters into the aquifer to

augment the groundwater resource. The roof top area of

BMDA office building is 260 m’, so the annual recharge

amount is calculated as:

Annual recharge = (90% of average annual rainfall X Area)

= (1088 x 0.90 x 260)/1000 m® =255 m’ or 255000 liter

The hydrograph of GWL “Figure 5” shows its direct
the augmentation of

response to rainfall
groundwater resource.

indicating



29

Mohammad Iquebal Hossain et al.: Application of Modified MAR Model in Barnai River Basin,

NW Bangladesh: A Performance Study

100 . 0.00
——— Rainfall (mm) Water Level (m)
90
80 5.00
70
60 // 1000 £
 —
50 'a '/-\"‘/\ 3
— 40 15.00
E [
E3o .g
B 20 2000 B
= 2
[}
e S 1 ] | °
0 1 i 25.00
o v YW W W W M~ M~ M~ ~ ~ ~ ™~ ™~ N N N~ (-] 0 0 o 0 o o w
- - - - - - - - - [ =] - - - - - - - - - = - - - - -
e o © o 0o o © © 9 9 9 © 9 9 © o 0 o e o o 9 o 9 9 9
$3553553555535555558553555855855¢%
~ 0 & O L e B - - TR - D - - O — S S S I N T Y Y- A S -]
- - Ll - - -

Figure 5. Relationship between rainwater and GWL in BMDA Office Campus recharge well.

The GWL declines due to less amount of rainfall in
summer time (March-May) in 2018 along with over-
exploitation of groundwater for irrigation in agriculture in the
peak period of irrigation. The analyzed physical parameters
and chemical parameters Table 1 reveals that the
concentration of different analyzed parameters are within the
accepted limit [24-25] for drinking as well as agricultural
purpose, and their concentration have reduced as a result of
dilution effect after recharging process of rainwater.

3.2. Recharge Well in Kharoil Beel

To measure the recharge rate (RR), runoff water has been
allowed to enter into the WCMS through entrance pipe.
When the WCMS has filled with storm or runoff water, the
entrance pipe has closed by tightening the cap. The quantity

of storm water is calculated by multiplying inside water
height with inner area of WCMS. The runoff water inside the
structure has started to enter into aquifer, and WCMS would
be empty after certain time. Thus RR has been calculated by
dividing the quantity of water entered into aquifer in course
of time as:

RR = [(Inner area of WCMS depth of water)/ time span]

Table 2 shows the calculated values of RR at different time
interval and found that the RW has performed well
functioning. But as a result of clogging effect due to excess
suspended deposits of silty material in runoff water and iron
content in groundwater, the RR to aquifer has reduced.

Table 2. Calculated values of recharge rate (RR) at different time interval in Kharoil Beel in study area.

. Volume of Time required to empty RR (Q/t)
Dateof Analysis - Q(itre)y  WCMS, t (min.) (L/min)  Comments
13 July 2016 3348 20 168
15 July 2016 3348 20 167
25 April 2017 3348 23 143 Rec.harge reduces due to clogging by excessive iron concentration in
native groundwater.
20 May 2017 3348 21 163 Recharge regains due to onetime redevelopment of RW.
15 April 2018 3348 22 152 Recharge rate reduces due to clogging by iron content in groundwater.
25. June 2018 3348 21 160 Recharge regains by redevelopment of RW
WY W WwWwWwWWw WO WM MMM~ 0 000 00 0 0 0 0 0
R B BB B R B B B B B B B B B B B B B Bz B B B B B B B B B B B B B B
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Figure 6. GWL fluctuation curve in Kharoil Beel recharge well in the study area.
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But it has regained recharge when the RW is redeveloped
by pumping and backwashing. So for the continuous and
better operation RW needs redevelopment at least once in a
year. Moreover, the hydrograph of GWL “Figure 6” (PHSs
situated at a distance of 75 m, and a private well at a distance
of about 300 m both in the in eastern side from the RW)
shows direct response of GWL when the Beel is filled with
runoff water with a height of 0.6-3.0 m, higher than that of
private well. The analyzed physical and chemical parameters
reveals that the concentration of different ions exist within
the acceptable limit for drinking and irrigation purpose [24-
25], and the concentration of different ions have reduced due
to dilution effect as a result of recharged process of rainwater.

4. Conclusions

The application of MAR model using RW technique with
some modification and redevelopment in structural design
due to prevailing challenges like clogging, loss of infiltration
rate etc., in the study area is an effective approach and is
functioning well. The scenario of GWL due to rainwater and
runoff water harvesting has positive impact on augmentation
of groundwater resource, and is within the acceptable limit
for drinking and irrigation purposes as far as quality concern.
Moreover, for the sustainable and better operation of the
MAR model continuous and regular monitoring and
maintenance are essential for reversing the permanently
declining trend of GWL due to ever increasing groundwater
resource demand in this drought-prone agro-based granary.
Finally more research on MAR model should be carried to
make it effective and fruitful in context of water scarcity in
Barind area, Bangladesh.
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