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Abstract

The peripheral river network surrounding Dhaka is considered the most stressed in Bangladesh. Groundwater
level (GWL) depletion must affect the interaction between surface water (SW) and groundwater (GW) in this
region. This study focuses on the rivers encircling Dhaka, including the Tongi canal and the Buriganga,
Dhaleshwari, Turag, Balu, and Shitalakshya rivers. Its primary objective is to assess whether the SW-GW
interaction in this network has remained stable over time. Trends in groundwater levels and surface water levels
(SWL) over the past decade are analyzed to evaluate spatial and temporal variations in these interactions.
Required SWL and GWL data were obtained from the Bangladesh Water Development Board (BWDB).
Monthly differences between SWL and GWL (in meters MSL), along with seasonal changes were determined.
Based on whether SWL exceeds GWL or not, river reaches were classified as gaining or losing. The most
significant change in SWL-GWL difference occurred in the Tongi canal. While earlier years indicated gaining
conditions in most rivers, recent data show that rivers like Buriganga and Balu are shifting toward losing
conditions. ldentifying gaining and losing rivers supports better planning for conjunctive water use in Dhaka.
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1 Introduction

The existing condition of the peripheral river network of Dhaka characterizes as heavily polluted from the
untreated effluent of the adjacent industries, continuous diversion of water from Shitalakshya river for drinking
and irrigation purposes. (Bhouyan et al., 2016). Again, over-exploitation of ground water to satisfy 70% of the
total drinking water and industrial water demand (The Daily Star 7 December, 2023), resulted in the depletion of
ground water table during the recent years. (Moshfika et al., 2022). Modifications to the stream such as
channelizing rivers can significantly influence river-ground water interactions by reducing hyporheic exchange.
(Brunner et al., 2017). Therefore, studying this vulnerable water resource system through analyzing the SW-GW
interaction changes over the time is at the core of proper management of environment of this region. Based on
the requirements of this study the first objective is to determine the temporal and spatial changes in surface
water-ground water interaction in the peripheral river network in Dhaka. This study aims to classify the
peripheral rivers of Dhaka city into losing and gaining rivers throughout the last decade as last objective.

2 Study Area

Dhaka city is located between latitude 23° 46' 37.8336" N and longitude 90° 23' 58.0272" E The study area
includes entire peripheral river network surrounding Dhaka city. The river network formed by Buriganga river,
Turag river, Tongi canal, Balu river, Shitalakhya river and Dhaleshwari river. Length of this river network is
approximately 110 km.
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Figure 2.1: Peripheral River network of Dhaka

3 Methodology

3.1 Data Collection
Surface water monitoring stations for peripheral rivers set up by BWDB within Dhaka and Narayanganj districts
were chosen for analyzing surface water level in this study. Ground water monitoring wells set up by BWDB
within 10km of these surface water stations were chosen for analyzing ground water level. Monthly minimum
surface water level data and weekly ground water level data were collected for 10 years from 2010 to 2019. For
analyzing the impact of changing precipitation on changing surface water-ground water interaction, 3-hourly
rainfall data of Dhaka and Narayanganj district from 2010 to 2019 were collected from BMD and then converted
into monthly rainfall data by algebraic summation.

Surface water monitoring stations considered in this study are:

Turag river (Mirpur, ID-SW302)

Tongi Canal (Uttara, ID- SW 299)

Balu river (Demra, ID- SW 7.5)

Shitalkshya river (Demra, ID- SW 179)
Dhaleshwari river (Savar, ID- SW 69)

Buriganga river (Dhaka Sadar, Kotwal, ID- SW 42)

Ground water monitoring stations considered in this study are:

Dhamrai (Well ID- GT2614002)

Dohar (Well ID- GT2618007)
Dakshinkhan (Well ID- GT2610001)
Mohammadpur (Well ID- GT2650011)
Sonargaon (Well ID- GT6704004)
Narayanganj Sadar (Well ID- GT6758005)
Keraniganj (Well ID- GT2638008)

3.2 Data Analysis

3.2.1 Point scale analysis

Ground water level from mean sea level is calculated using the following formula
Ground Water level (w.r.to MSL) = (RL parapet + parapet ht.)- Water table. Where RL parapet, parapet height
and water table data were provided by BWDB.
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Figure 3.1: Schematic diagram to determine ground water level with respect to MSL

The groundwater level data provided by BWDB is recorded weekly. To compare this with monthly surface water
level data, the weekly groundwater levels were converted to monthly values by averaging four or five readings
for each month. Most BWDB monitoring wells are located more than 10 kilometers from the surface water
stations, so linear interpolation between the well data that are situated at downstream and upstream of surface
water station of BWDB was applied to estimate groundwater levels at the surface water locations. Ground water
level is determined using the following formula:

d+(x+y)
T
()
Where, x = Monthly GWL at South GW station; y = Monthly GWL at North GW station; d = Distance between
SW station and South GW station; D = Distance between South GW station and North GW station.
The difference between ground water level and minimum surface water level at that location is used to classify
whether at a location the river is gaining or losing water at a given time. This approach is used to satisfy the last
objective of the study.

3.2.2 Classification at temporal scale

From the difference between surface water level and ground water level throughout the time in last decade the
trend of river can be classified as losing or gaining river. The rivers are classified in the following categories
based on temporal change

e  Always losing: 100% of times predicting losing conditions throughout last decade

e Mostly losing: an average of more than two thirds of months predicting losing conditions (but less than
100%) calculated over the annual series

e Some losing: an average of between one third and two thirds of months predicting losing conditions
calculated over the annual series

e Mostly not losing: an average of less than one third of months predicting losing conditions (but greater
than 0%) calculated over the annual series

e Never losing: 0% of months predicting losing conditions in every year.

4 Results and Discussions

Table 4.1 and Table 4.2 shows the SWL and GWL differences throughout the span of 10 years in Buriganga
river. Table 4.1 shows that in 2010 during January to April period the difference in SWL and GWL is either
negative or close to zero. Which represents SWL is lower than GWL. This results in water seeping in river from
the surrounding ground water storage that implies gaining feature of the river. During the months of June to
October the differences in water levels are greater than +1m. Which is indication of losing feature of the river.
Since during monsoon, rivers of our country get replenished by plenty of rainfall resulting high water level or
even flood in the rivers. During this time water enters surrounding aquifers and act as losing river. In the year of
2010 the difference in water level is -1.9metre during dry season which increased up to +2.8metre in the month
of July. This supports the concept of impact of rainfall in the ground water level increase.
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Table 4.1: Difference in SWL-GWL in Buriganga river in the year 2010
Monthly | Monthly .
X X . Distance Monthly
GWLin | GWLin | Distance btwnu/s | Monthly GWL at | SWL at :
southof | northof | of u/sand . Difference
Date . . X and SW location of SW SwW
Buriganga | Buriganga | d/s station : . ) betwn SWL
g f station station (MMSL) station
station station (km) (km) (mMSL) and GWL
(mMSL) | (mMSL) (mMSL)
January , 2010 -12.84 3.03 21.3 1.6 1.84 -0.04 -1.88
February, 2010 -13.03 2.54 21.3 1.6 1.37 -0.16 -1.53
March, 2010 -13.14 2.17 21.3 1.6 1.02 -0.09 -1.11
April, 2010 -13.32 1.79 21.3 1.6 0.65 0.83 0.18
May, 2010 -13.33 154 21.3 1.6 0.42 1.36 0.94
June, 2010 -13.34 152 21.3 1.6 0.40 2.49 2.09
July, 2010 -13.32 1.81 21.3 1.6 0.67 3.46 2.79
August, 2010 -13.41 2.21 21.3 1.6 1.04 3.09 2.06
September, 2010 -13.33 2.23 21.3 16 1.06 3.76 2.70
October, 2010 -13.30 1.88 21.3 1.6 0.74 2.09 1.35
November,2010 -13.33 157 21.3 1.6 0.45 1.01 0.56
December, 2010 -13.22 1.47 21.3 1.6 0.36 0.58 0.22

Table 4.2: Difference in SWL-GWL in Buriganga rive in the year 2019
“gwt':]y ’\g(\),\r;zr:':y Distance | Distance Monthly
of u/s and | btwn d/s | Monthly GWL at SWL at .
Date SOL_Jth of no.rth of d/s and SW location of SW SW Difference
Buriganga | Buriganga . . k . betwn SWL
. . station station station (mMSL) station
station station (km) (km) (mMSL) and GWL
(mMSL) | (mMSL) (mMSL)
January , 2019 1.07 -17.41 21.3 1.6 -16.02 0.06 16.08
February, 2019 0.80 -17.85 21.3 1.6 -16.45 0.02 16.47
March, 2019 -4.11 -18.20 213 1.6 -17.14 0.09 17.23
April, 2019 -8.41 -18.64 213 1.6 -17.88 0.13 18.01
May, 2019 -8.64 -18.95 21.3 1.6 -18.17 0.50 18.67
June, 2019 -7.72 -19.30 213 1.6 -18.43 1.35 19.78
July, 2019 -7.08 -19.20 213 1.6 -18.29 2.11 20.40
August, 2019 -7.74 -18.12 21.3 1.6 -17.34 2.66 20.00
September, 2019 -8.41 -16.77 21.3 1.6 -16.14 2.51 18.66
October, 2019 -8.36 -15.54 21.3 1.6 -15.00 1.59 16.59
November,2019 -9.19 -13.81 21.3 1.6 -13.46 0.79 14.26
December, 2019 -9.68 -12.73 21.3 1.6 -12.50 0.16 12.66
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Figure 4.1: SWL-GWL Differences in Buriganga river from 2010 to 2019
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Table 4.2 shows that difference between surface water level and ground water level is very high in the year 2019.
All year around the water level difference is far greater than +1m. This indicates that Buriganga river has lost its
seasonal recovery trend over the last decade and became losing river all year around. This may be the result of
ground water level depletion. Figure 4.1 shows the overall scenario of river Buriganga’s interaction with ground
water level over the last decade. This difference ranges from -2metre to +20metre from year 2010 to year 2019.
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According to temporal classification more than two-third months in the time series shows losing trend.
Therefore, Buriganga river is in Mostly losing category in temporal classification. Similarly, temporal
classification of other rivers of peripheral river network of Dhaka city is given in Table 4.3 and Figure 4.2 shows
the SWL-GWL difference of all the rivers and portrays the categorizations clearly.

Table 4.3: Temporal classification of all the rivers

River Temporal Category
Turag Never losing
Tongi Canal Always Losing
Balu Some Losing
Shitalakshya | Mostly not Losing
Dhaleshwari | Mostly not Losing
Buriganga Mostly Losing

SWL-GWL DIFFERENCE IN THE PERIPHERAL
RIVERS OF DHAKA
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Figure 4.2: SWL-GWL of the peripheral river network of Dhaka
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From Figure 4.2 it is seen that Tongi canal has SWL-GWL difference around 20m to 50m throughout the last
decade. That is why Tongi canal is classified as always losing river. Buriganga river is classified as mostly losing
river can be seen in the Figure 4.2 as well. Dhaleshwari and Shitalakshya rivers have SWL and GWL difference
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from -1.5m to +3m most of the time throughout the last decade. That is why they are categorized as Mostly not
losing rivers. Balu river has SWL-GWL difference that exceed the +1m only during some of the years.
Therefore, they were categorized as Some losing river. Turag river has SWL-GWL difference from -3m to -
0.5m. Which implies Turag river shows gaining river trait throughout the last decade. So, Turag river was
categorized as Never losing river.

5 Conclusion and Recommendations

It is noticed that along the northern border and southern border of this river network system rivers are highly
strained. A number of industries along river bank discharging untreated waste effluents into these rivers may be a
cause of these conditions. Man-made river filling and dumping of inorganic waste is the cause of losing
navigability of these rivers. Consequently, they lose their natural connection with the ground water reservoirs
and tends towards losing features. This study is conducted for only 10 years span from 2010 to 2019. But, during
this study it is noticed that several rivers have already been strained before 2010. Therefore, a longer timeframe
can be a better approach to analysis trends of these rivers. This study concludes that surface water- ground water
interaction is not stationary throughout time and place. As a result, conjunctive use of surface water and ground
water without further analysis can endanger both the surface water and ground water reservoir of this region.
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