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Abstract

Jamuna, a major braided river in Bangladesh, has an enormous hydrological
impact on the surrounding areas and streams. Erosion and sedimentation in
the Jamuna river cause a large flow fluctuation and floods round the year.
Bangladesh Water Development Board has initiated a pilot capital dredging
project in the Jamuna river in 2011-2012, aiming to guide the flow to reduce
the risk of failure of the city area and right guide bundh of the Jamuna Bridge.
This study explores the long-term role of dredging on river morphology using
erosion-sedimentation numerical modeling approaches. Primary data were
employed in numerical models to estimate the erosion-sedimentation and
compared outputs with the real-time cross-sectional variation at selected sec-
tions along the reach during 2012-2013. The analysis suggested that the rate
of sedimentation is higher (60% to 80%), where the dredging alignment crosses
through the existing sandbar/char. Moreover, a cross-section comparison re-
vealed that the channel near Sirajganj Hardpoint shifted towards the left
(east) bank, and the channel within the study area developed very fast along
the right (west) bank. However, satellite image analysis revealed that the ma-
jor bankline shifting occurred from 2000 to 2010 and the channel shifting was
observed from 2014 to 2018 along the reach, mostly, after the construction of
some river training works. The variation of the channel persistence (40% -
100%) selected part of the study area in the channel incidence map, indicating
the rapid dynamic behavior of the river morphology. This study showed a good
agreement of measured data and simplified empirical relationships to predict
the long-term morphodynamic behavior of the braided Jamuna river.
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1. Introduction

Bangladesh, a major part of the Bengal basin which is the world’s largest delta
(Fischer et al., 2017) formed by the alluvial deposits derived from the Hima-
layans and tectonic interactions and transported through the major rivers i.e.,
the Ganges, the Brahmaputra, and the Meghna (Sarker et al., 2011; Rogers &
Overeem, 2017). This delta has been considered as one of the most dynamic
ones which attribute the highest sediment discharge and one of the three highest
water discharges in the world. It was estimated that the Ganges-Brahmaputra-
Meghna (GBM) systems had been produced the combined mean annual sedi-
ment load of 1.0 to 2.4 BT/year, in which the Brahmaputra contributed the
highest (390 to 1160 MT/year) (Goodbred et al., 2014; Rahman et al., 2018)
which is around 40% to 50% of the total incoming sediment in GBM delta. The
Brahmaputra river originated from the southern glacier of the Himalaya and was
named Jamuna River when it enters Bangladesh (Islam et al., 1999).

The Jamuna river carries high sediment volume and flow discharge (mostly
occurs between June and October) causes an uncertain change in the riverbed,
bank erosion, bank shifting, flow fluctuations, flooding, etc. in the downstream
catchment (Sarker et al., 2014; Valentine et al., 2018). It transports mostly fine,
non-cohesive sands and silts, which are easily erodible with more than 30 m ver-
tical erosion measured during one season (Thompson et al., 2018). Gradually,
the overall width of the Jamuna River exhibits an increasing trend and there is a
tendency of shifting westwards, especially at the upstream part of the Jamuna
River (Team C-BJE, 1991; FAP 1, 1993; FAP 24, 1996).

The Jamuna River is a classic example of a braided river. The discharge and
sediments transported from upstream through the river and the fluxes recircu-
lated process within the delta system have direct roles in the physical sustaina-
bility of deltaic environments (Rahman et al., 2018). Additionally, being a
braided river, the Jamuna River is strongly influenced by high sediment delivery
from nearby sources coupled with lower sediment transport capacity due to hy-
draulic conditions. Moreover, similar rivers are associated with distinct social
purposes (i.e., water supply, irrigation, transportation, etc.) which have a very
high social impact (Hasan & Kabir, 2014; Hasan & Islam, 2010). Natural disas-
ters due to the hydrological process (i.e., erosion, flood) can directly affect hu-
man activities (Uddin & Rahman, 2012) which have a broader impact on eco-
nomic and social context as well (Ferdous et al., 2019; Mutton & Haque, 2004).
These types of rivers are sensitive to changes in their flood regime or sediment
influx and can completely modify their geometry over a few decades (Rahman et
al., 2018). The abrupt shifting of river courses of the Jamuna River has long been
recognized as a natural problem that needs to be accurately predicted from the
riverbed erosion-sedimentation behavior (Elahi, 1991; Chowdhury & Kabir,
1991).

However, dredging has been proven as an effective process to control the depo-

sited sediment to prevent flooding and make a pathway for the main channel flow
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(Gob et al., 2005; Zinger et al., 2011). The process also allows us to further solve
engineering problems related to sedimentation and erosion in rivers, estuaries, and
coastal seas (Van Rijn, 2005). A better prediction of erosion-sedimentation scena-
rios is inevitable to justify the long-term effectiveness of dredging, which could
further promote the design strategies based on qualitative and quantitative anal-
ysis. Numerical techniques can be implemented using the primary data from the
project for the better prediction of the Jamuna river (a braided river) by simpli-
fying the physical process that happened in the real erosion-sedimentation. Pri-
mary and secondary data are widely used in the numerical modeling framework
along with the hydraulic sediment transport process (Campagnol et al., 2014; Ha-
san, 2013; Kasprak et al., 2019). Prediction of accurate scour depth and deposition
of the braided river is methodologically very challenging because of the variation
in simple path-length distribution resulting in over-scouring (Kasprak et al., 2019).

Bangladesh Water Development Board (BWDB) has initiated 20 km capital
dredging on the River Jamuna as a pilot basis to guide the flow away from the
west channel into a mid-channel to reduce the risk of failure of the Sirajgan;j
Hard Point and to guide the flow along the middle of the existing char through
the Jamuna Bridge (JMB) near the Dhaleswari Offtake. It was hypothesized that
an enhanced flow in the main channel with reduced sediment deposition will
lower the flood risk and bank failure. The strong correlation among ero-
sion-sedimentation mechanisms that act at different spatial and temporal scales
makes modeling the prediction very complex. According to the Flood Action
Plan (FAP) (FAP 1, 1993), a significant contribution to the event was demon-
strated by the uneven sedimentation-erosion characteristics of the Jamuna river.
They proposed the sediment dynamics of this river can be better explained using
the depth-velocity and sediment concentration relationships which are identical
to any other rivers in the world. Field data-driven numerical modeling ap-
proaches can be implemented to extract erosion-sedimentation patterns of im-
portant reaches. Additionally, visualization of the landform change over time
gives information about the river dynamics which can further verify the appro-
priateness of the erosion-sedimentation outputs from the numerical analysis.
For example, remote sensing (RS), GIS techniques, satellite image analysis, etc.
were widely used in the world to understand the spatial and seasonal suspended
sediment load variation (Islam et al., 2001), deposition, and erosion characteris-
tics and investigate the morphodynamical behavior of rivers in Bangladesh (Kafi
et al., 2018). RS, GIS techniques, and satellite image analysis were implemented
in the assessment of bank erosion, channel shifting of the Padma river (Ophra et
al., 2018; Billah, 2018). These advanced tools have also been utilized in the anal-
ysis of bank erosion-sedimentation of other rivers such as Dharla, Jamuna, and
Teesta in Bangladesh (Bose & Navera, 2018; Ety & Rashid, 2019; Akhter et al.,
2019; Islam et al., 2019). Sediment concentrations and depth were studied in
previous studies to investigate the sediment deposition behavior of rivers in In-
dia and Vietnam (Kanga et al., 2020; Nardin et al., 2020).

The overarching objective of this study was to explore the long-term dynamics
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of the fluvial morphology at a selected reach in the Jamuna river due to the in-
fluence of dredging. Numerical frameworks coupled with the cross-sectional
field data comparison and satellite image analysis were implemented to accom-
plish the following objectives. The erosion-sedimentation at potential data
points were predicted using the numerical models, based on the water depth,
velocity, and sediment concentration relationships. Quantitative measurements
of the selected cross-sectional at the same reach were compared to justify the
output of the sedimentation-erosion model prediction. Moreover, the satellite
image analysis was demonstrated the long-term morphological evolution of the
Jamuna river. This analysis further supported the appropriateness of the numer-
ical modeling approach for the braided Jamuna river. Overall study findings
showed a promise to use the considered numerical approaches for predicting the

erosion-sedimentation for similar braided rivers.

2. Study Area

The Brahmaputra-Jamuna river system is one of the major river systems of Ban-
gladesh. In its origin from Tibet, it is called Tsangpo River where it flows to-
wards the east and then turn right side and enters North-East Region of India.
Inside India, the river is named the Brahmaputra, and flowing over relatively flat
terrain and passing through Assam, it finally enters Bangladesh at Noonkhawa.
Inside Bangladesh, the Brahmaputra is called Jamuna after it crosses the old
Brahmaputra offtake at Kholabarichar of Jamalpur district. Following southward
direction, the Jamuna river merges with the Ganges at Aricha to form the Padma
river on the way to fall into the Bay of Bengal along with the Meghna River.
Figure 1 shows the entire Brahmaputra river from its origin up to the Bay of
Bengal. The river drains a vast area of the south-central portion of the Tibetan
plateau above the Ganga basin, the south-eastern portion of Tibet, the Patkai-Bum
hills, the northern slopes of the Meghalaya hills, the Assam plains, and the
northern portion of Bangladesh. The total length of the river from its source up
to the Bay of Bengal is 2850 km. Inside Bangladesh (Khan et al., 2014), the
Brahmaputra river covers 240 km from Noonkhawa to Aricha where the existing
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Figure 1. The Brahmaputra-Jamuna river system.
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Bangabandhu Bridge is located at around 160 km chainage starting from
Noonkhawa.

A 20 km reach of the Jamuna river was primarily selected for this study.
Braided channels are rarely in a steady-state and are indicative of a valley bottom
still actively undergoing construction (Sambrook et al., 2006). Moreover, rivers
can shift from other forms to a braided pattern when human activities accelerate
sediment delivery processes. Thus, specifically nine points in five cross-sections
(details in Figure 2) in the Jamuna river, located between (easting (m), northing
(m)) 471,359, 706,953, and 480,202, 697,014 were considered for the data collec-

tion and analysis.
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Figure 2. Study location and data points (1 to 9) of the Jamuna river.
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3. Methodology

The analysis of this study was carried out based on secondary data. Hydrometric
data as sediment concentration, water depth, and depth average velocity at the
selected locations were collected from the Institute of Water Modelling and Ban-
gladesh Water Development Board. Moreover, cross-sections of the Jamuna
River of four different years (2010, 2011, 2012, and 2013) and satellite images of
the study reach from 2000 to 2018 were analyzed.

3.1. Numerical Estimation of Erosion and Sedimentation

To identify the erosion and deposition reach within the study area as well as
predicting the sedimentation process on a riverbed, two numerical methods
were used recommended in the Final Report, Annex-5, Morphological characte-
ristics, FAP 24, November 1996 (FAP 24, 1996). These methods were classified
as Method-I (depth-velocity relationship) and Method-II (depth-velocity and
sediment concentration relationship). Using those methods collected sediment
concentration at the 9 selected locations were duly analyzed and compared with
the observed cross-sections. The overall method for analyzing the data of this

study is discussed in the following subsections.

3.1.1. Method-I (Depth-Velocity Relationship)

This short-term prediction method will be useful for estimating the requirement
of dredging and it can assist in deciding to identify the location of dredging
work. A simpler prediction method for riverbed level changes was made visually,
Peters in 1988 (FAP 24, 1996). According to the equation, the net erosion and
net sedimentation in the downstream direction can be related to the average ve-
locity and average depth over the cross-section. Instead of a linear relationship
between the water depth and the depth average velocity, for the Jamuna River,
the relation between velocity and the square root of the depth yields a good de-
marcation line between the erosion and deposition areas. This prediction me-

thod for erosion and deposition presented by the following Equations (1) to (3):

Erosion: u >\/Z—1.35 (1)
Transition: A —135<u<+h-1.65 2)
Deposition: u < \/Z -1.65 3)

where, 4 = water depth in meter and u = depth average velocity in m/sec. Tran-
sition is defined as erosion/deposition < 1.0 m.

To predict the erosion and depositions on the riverbed of the Jamuna River,
2012-13 cross-section data were used to estimate the depth average velocity and

water depth at changing flow regime conditions after dredging.

3.1.2. Method-II (Depth-Velocity & Sediment Concentration
Relationship)

To predict the sediment transport process in the riverbed of the Jamuna River, 9

points were selected from the Sirajganj Hardpoint to downstream of the Jamuna
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Bridge near the Dhaleswari Offtake. A sediment transport predictor equation for
the Jamuna River was referred to in the FAP 24: 1996 reports (FAP 24, 1996).
This equation was derived in the River Survey Project using the Bangladesh Wa-
ter Development Board (BWDB) data. In this equation, sediment concentration
is estimated by the depth average velocity which is replaced by using Chezy’s re-
lation instead of using the weighting factor parameter 6. The modified equation

for estimating the sediment concentration is expressed in Equation (4):

80 oY e
c= w JAeD3 | —— *—— 4)
650 [CZADSOJ (

l1-€ h

where, C = depth-average concentration, Assuming value in FAP 24 study for
relative density of Jamuna river, A = 1.65, ¢ = 70 m"?/s and Particle size of bed
material, D5 = 0.2 mm.

The following equation can be expressed in another form as Equation (5):

2.6

u
c=1024*— 5
P (5)

where Cis expressed in mg/L.

Here the roughness height for the river bedform not only depends on the
heigh of bedforms but also depends on the shape of the bedform. This observa-
tion contradicts the previous observation (Klaassen et al., 1988). To estimate the
average roughness and sediment transport, the effect of the bedform during the
high flow may not be relevant, but for locations, it might have some influence in
contributing to the local roughness. Here, it should be mentioned that apart
from the high sediment concentration, there are some locations where the bed-

form is also prominent.

3.2. Cross-Section Comparison

Cross-section data of the Jamuna River were plotted from upstream of the Siraj-
ganj Hardpoint to downstream of the Jamuna Bridge at 5 selected locations.
Dredging was implemented during 2011-12 and 2012-13 and cross-sections were
compared from 2010 to 2013 to determine the trend of shifting the river courses,
changes in planform, and sedimentation process before and after dredging. In
this analysis suspended sediment concentration and discharge are also related to
the cross-sections. The rate of riverbank erosion and changing planform of the

river course is also related to the rate of sediment concentration and discharges.

3.3. Preparation of Matrix

In natural rivers, there are always some uncertainties in estimating the relevant
parameters due to their variation in space. A matrix is a combination of indica-
tors, which will assist in the extraction of field information, compilation, and
comparison of the data. An integrated approach was considered for the prepara-
tion of the erosion-sedimentation matrix, which would be based on analytical
results and observed data using Method-I, Method-II, and cross-section com-

parison.

DOI: 10.4236/gep.2021.96001

7 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.96001

M. M. Rahman et al.

3.4. Satellite Image Analysis

The channel planform analysis was performed based on the available satellite
images (open source). Satellite images have been collected from the United States
Geological Survey (USGS) database for the year 2000 to 2018. The river plan-
form analysis facilitates in making out the changes of the river courses with time.
It will further give an idea of the bankline migration and channel shifting pat-
terns around the study area. From the analysis, the bank line of the different
years has been delineated and superimposing the channels of different years.
Based on this approach, a bankline shifting map and a channel incidence map
around the study area of the Jamuna River have been prepared. These maps can
support the initial planning and clear guidance for the possible long-term flow

regime pattern of the river.

4. Results and Discussion

The changing morphology of the sand-bed braided Jamuna river is a great chal-
lenge for the sustainability of different river training works. This study investi-
gated the unsteady flow pattern of the river as well as variations of riverbed ele-
vation, bank line shifting, and sediment transport processes. The analytical re-

sults of this study are presented in the following subsections.

4.1. Method-I (Depth-Velocity Relationship)

The observed erosion and deposition in relation to depth and velocity is the re-
sult of a combination of different processes and is in principle based on physical
laws. Processes involved in these relations are adaptation processes. The bed to-
pography (cross-section) showed a correlation with the flow pattern. The varia-
tion in flow was primarily controlled by the erosion and depositing/sedimentation
on the riverbed.

The numerical prediction of the erosion and deposition rate on the riverbed in
the Jamuna River using Method-I at selected locations are shown in Figures
3(a)-(i). Results demonstrated that the right bank of the Sirajganj Hardpoint
(Figure 3(a)) was favorable for sedimentation and at the same time left Bank
(Figure 3(b)) was favorable for erosion. An importante note on this finding is
that the scenario was occurred due to the position of sandbars upstream of the
Sirajganj Hardpoint. Predicted sedimentation-erosion in the dredged channel
revealed that erosion is likely to occur at the right Bank (Figure 3(c)) of the
dredged channel whereas no changes were predicted at the left bank (Figure
3(d)) of the dredged channel. This phenomenon was expected because the
dredging alignment crossing through the existing sandbar/char (land) at that lo-
cation.

Based on the geomorphological formation the maximum flow of the Jamuna
River flowing through the right channel. Thus, the right channel of the upstream
near the Jamuna Bridge tends to be eroded in the monsoon but seems to be de-

posited in the dry season which was also predicted by the simulation (Figure 3(e)).
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Figure 3. The predicted erosion and deposition pattern on the riverbed at different loca-
tions in the Jamuna River using Method-I during the period time in 2012-2013.
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Predicted average velocity at the right channel at the downstream (D/S) of the
Jamuna Bridge appeared in the deposition zone for the right bank (Figure 3(f)),
at the same time the left bank indicated possible erosion. This is because of the
presence of high char (sandbar) on the left side of the channel. The Jamuna Riv-
er is bifurcating by the right channel and the left channel just downstream of the
Jamuna Bridge. The left channel at the downstream (D/S) of the Jamuna Bridge
discharges the maximum flow during monsoon which plays the important role
in erosion. However, the construction of the sand bar on the right side of the
channel reduced the erosion and induced deposition. Results predicted and
shown in Figure 3(h) to Figure 3(i) indicated both the right and left banks of
the left channel at the downstream (D/S) of the Jamuna Bridge were dominated
by erosion. A fewer deposition for both banks reflects the presence of the sand-
bar at that section.

4.2. Method-II (Depth-Velocity & Sediment Concentration
Relationship)

Figures 4(a)-(i) represented the actual and predicted sediment concentration at
different water depths at 9 selected locations using Method-II.

Model outputs indicated a strong relation of the predicted and observed sedi-
ment concentration with the water level during the analyzed period. For exam-
ple, Figure 4(a) and Figure 4(b) show that the rate of observed sediment con-
centration is higher than the predicted sediment concentration during the ana-
lyzing period at both left and right banks of the Sirjganj Hardpoint. However, in
the month of June to July and October to November 2012, the rate of predicted
sediment concentration is higher than the observed sediment concentration. The
result denoted that the sedimentation occurred round the year at both banks, but
the erosion of the riverbank is occurred only at rising and falling water level
conditions. This finding was also supported by the measured cross-sections
(shown in Figure 5(a), in Section 4.3). Observed sediment concentration for
both banks of the dredged channel of the Jamuna River demonstrated higher
values than predicted (Figure 4(c) and Figure 4(d)).

This is important to mention that the dredging alignment passing through the
high char/sandbar (land) in this location allowed the loose soil material to
transport at the char when the flows were passing through the dredged channel.
From the practical point of view, the right bank of the dredged channel was
eroded due to high flow velocity, and the left bank was silted up due to slope
failure of both banks. Higher observed sediment concentration rate compared to
the predicted (shown in Figure 4(e)) at upstream (U/S) of the Jamuna Bridge
(center of the right channel) in June 2012 was expected due to the maximum
flows were passing through the channel in the monsoon. So, the channel was
eroded in the monsoon, but the channel was silted up in all seasons as dry,
pre-monsoon, and post-monsoon, which was also revealed by the cross-section
comparisons as shown in Figure 5(c) and Figure 5(d), in section 4.3. The
maximum flow at the downstream of the Jamuna Bridge used to pass through
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Figure 4. Observed and predicted sediment concentrations (mg/L) with water depth at
different locations during various periods in 2012-2013.
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Cross-Section near Sirajganj Hard Point Cross-Section at dredged channel
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Figure 5. Cross-sections of Jamuna River near/at (a) Sirajganj Hardpoint, (b) dredged
channel, (c) East guide bundh, (d) West guide bundh, and (e) Dhaleswari Offtake.

the left channel, thus, it is quite difficult to divide it as the left or right channel
during the monsoon. Moreover, both banks of the right channel were silted up
round the year. At the right channel, the rate of observed sediment concentra-
tion was mostly higher than the predicted (Figure 4(f) and Figure 4(g)) for both
right and left banks. Similar characteristics were observed (Figure 4(h) and
Figure 4(i)) at the right and left bank on the left channel of the downstream
(D/S) of the Jamuna Bridge, except in the monsoon. Numerical results also in-
dicated that both banks of this channel were silted up round the year but both
banks may erode only in the monsoon. Cross-sections at this channel over the
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analyzed duration were compared and shown in Figure 5(e), in Section 4.3.

4.3. Cross-Section Comparison

Cross-section data were plotted from upstream of the Sirajganj Hardpoint to
downstream of the Jamuna Bridge in the period 2010-2013 at five selected loca-
tions are shown in Figures 5(a)-(e).

Those data represented the trend of shifting of the river courses, changes in
planform, and sedimentation process before and after the dredging works. An
insignificant impact of dredging on cross-sections was evident from the
cross-section comparisons at the reach considered for this study. Similar scena-
rios were also predicted by numerical models described in Section 3.1. A minor
rate of sedimentation was observed around the Sirajganj Hardpoint at the be-
ginning of dredging. Most importantly, the scour depth at the Sirajgonj Hard-
point was reduced to a maximum of 5 m. Initially, a few percentages of water
flow through the dredged channel but after one year of flooding, it was observed
that the dredged channel silted up to 60% - 80%. It was also seen that the sedi-
mentation was higher, where the dredging alignment passing through the exist-
ing char. Cross-section comparison also presented the change in bed profile of
the East Guide Bundh (EGB) and the West Guide Bundh (WGB) (locations are
in Figure 6). Near the East Guide Bundh of the Jamuna Bridge, it was found that

the sedimentation was higher near the bank channel.

4.4. Comparison of Model-Predicted Erosion-Sedimentation with
Field Data

Interrelation among erosion, sedimentation, and sediment concentration was

Bhuapur’
A |

Figure 6. Planform of the Jamuna River for the year 2000 to 2018.
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well established from the field data and displayed similar behavior in numerical
models. However, model predictions for two sites (the Dredged Channel Left
Bank and the Jamuna Bridge D/S Right Channel Left Bank) were showed differ-
ent phenomena due to the influence of local hydro morphological parameters
(depth, velocity, and sediment concentration, etc.) and upstream morph-dynamic
processes. Furthermore, equations used in the above analysis are one dimen-
sional, while the local morpho-dynamic processes that are very much dependent
on the morphology is three dimensional. It was also seen that the flow in the
Jamuna River, especially during the high flow is not in equilibrium with the ri-
verbed topography, but rather is governed by upstream conditions and the mo-
mentum of the flow. Analyzed results using Method-I, Method-II, and cross-sections

comparison are summarized in Table 1.

4.5. Satellite Image Analysis

Satellite images from 2000 to 2018 were considered for the planform analysis, to
observe the change in the flow pattern of the Jamuna river before and after the
dredging. However, the dredging of the Jamuna river was implemented in the
year 2011-2012 and the flow diverting structures were constructed in the year
2013-2014. The planform analysis includes the changes in the width of the riv-

er/channel, bank line shifting, channel migration tendency, and incidence map

Table 1. Erosion and deposition matrix at nine locations using Method-I, Method-II, and also cross-sections comparison.

Method-I Method-II Field
observation
. . . L. No . " No
Sample Location Duration Erosion Deposition . . Erosion Deposition R . and
erosion/Deposition erosion/Deposition .
cross-section
(%) (%) (%) (%) (%) (%) comparison
Sirajganj April 2012 to .
, 7 79 14 20 60 20 Deposition
Hardpoint RB January 2013
Sirajgan;j April 2012 to -
. 56 26 18 16 56 28 Deposition
Hardpoint LB January 2013
Dredged May 2012 to .
84 0 16 69 23 8 Erosion
channel RB November 2012
Dredged April 2012 to .
23 15 62 8 75 17 Erosion
channel LB January, 2013
Jamuna Bridge U/S June 2012 to .
. 58 14 28 44 14 42 Erosion
right channel Center ~ August 2012
Jamuna Bridge D/S June 2012 to .
. 10 45 45 9 55 36 Deposition
right channel RB January 2013
Jamuna Bridge D/S ~ April 2012 to .
. 48 26 26 40 35 25 Erosion
right channel LB November 2012
Jamuna Bridge D/S May 2012 to .
57 43 0 25 63 12 Erosion
left channel RB January 2013
Jamuna Bridge D/S ~ April 2012 to -,
44 38 18 19 56 25 Deposition
left channel LB January 2013
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of the river/channel in the vicinity of the study reach (around Jamuna Bridge
and Sirajganj Hard Point area). Planform analysis is shown in Figure 6 and digi-
tized bank lines with channel incidence maps of the Jamuna River is presented
in Figure 7(a) and Figure 7(b), respectively.

A dry season time-series satellite images during the same period (2000-2018)
were used to identify the bank line migration within the study reach. Digitiza-
tion was conducted from the georeferenced images to delineate the bank line,
which separates the river from the bank. Major bank line shifting, and channel
formation were observed in between the Sirajganj Hardpoint and West Guide
Bundh (right bank) of the Jamuna Bridge from the year 2000 to 2010. On the
other hand, channel shifting was observed from 2014 to 2018 in that location af-
ter the construction of the flow diverting structures (Groin/Cross-ber). Howev-
er, in the incidence map the percentage of channel persistence varied from 40%
to 60%, 60% to 80%, and less percentage of 80% to 100% around the study reach.
Moreover, the channel incidence map and bank line shifting map of the Jamuna
River covering the study reach for the year 2000 to 2018 shows an unstable path
in the upstream and the downstream of the study reach and indicates a very dy-

namic river morphology.
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Figure 7. (a) Digitized bank lines and (b) Channel Incidence map of the Jamuna River.
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Digitized banklines (Figure 7(a)) and channel incidence map (Figure 7(b))
were analyzed over years from 2000 to 2018. The right channel between Sirajganj
Hardpoint and West Guide Bundh (right bank) showed an insignificant change
in the year 2000. However, the channel formation was started in the year 2005
(marked with the yellow circle). A narrow channel transformed into a promi-
nent channel from 2005 to 2010 with the detachment from the char near to the
right bank. The right channel near the bend of the Sirajganj hardpoint eroded at
the maximum curvature in 2010 and moved outward from the bank which fol-
lows the characteristics of the meandering river. Bank erosion was measured
around 1850 m which occurred from 2000 to 2010 in between Sirajganj Hard-
point and West Guide Bundh (right bank).

Due to the presence of low land/char at the upstream, flows hit the right bank
between the Sirajganj Hardpoint and the West Guide Bundh (right bank). The
right channel of the study reach was wider from 2014-2018 compared to
2000-2010. During the year 2014 to 2018, the right channel carried the maxi-
mum discharge, and flows were passed through the guiding structures. As a re-
sult, the flowing channel near the training structures performed as a straight
channel within the study reach due to the construction of flow diverting struc-
tures i.e., groin, crossbar, etc. between the Sirajganj Hardpoint and West Guide
Bundh (right bank). The left channel was narrowed down, and the char was
moving upstream to downstream both laterally and longitudinally. It was also
visible from the image analysis that the right channel was prominent, and the
study reach was performed as a single channel. It should be noted that after the
construction of the groin/crossbar, the bend between Sirajganj Hardpoint and
West Guide Bundh (right bank) became reclaimed. It was also seen that the
channel adjacent to the East Guide Bundh (left bank) carried a dominant dis-

charge and erosion occurred at the left bank near Kalihati shown in Figure 7(a).

5. Conclusions

River channels tend to a dynamic equilibrium driven by the dynamics of river
flow and sediment transport. River dredging can influence the natural drivers of
the channel morphology as well as the hydrodynamic process. The present study
potentially investigated the effect of river dredging on the fluvial geomorphology
of a reach near the Jamuna Bridge in the Jamuna River. The water depth, flow
velocity, and sediment concentration relationships were utilized in a numerical
framework to explore the fluvial geomorphological characteristics. Model out-
puts anticipated the potential erosion and sedimentation phenomenon at dis-
tinct sections which were parallel with the observational field data. However, the
persisting impact of dredging was insignificant to the change in river cross-sections.
Cross-sectional data from field measurement indicated that the channel near the
Sirajganj Hardpoint shifts towards East (left) and the existing channel near the
Sirajganj Hardpoint was silted up within a year of monsoon flooding which
proves that the impact of dredging was insignificant. It was also observed that

the sediment concentration was higher, where the dredging alignment crossed
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through the existing sandbar/char. These phenomena governed due to the hy-
draulic condition and morphological parameters were consistent around the
area even after the dredging. A long-term satellite image analysis of the planform
in the study reach explored that the bank line shifting and channel formation
started between 2000 to 2010. However, the channel shifting process was accele-
rated after the construction of the flow diverting structures (Groin/Cross-ber)
from 2014 to 2018. Also, the right channel of the study reach performed as a sin-
gle channel which carried the maximum discharge adjacent to the East Guide
Bundh (left bank), and erosion occurred at the left bank near Kalihati. Besides,
the dynamics of the river morphology was investigated from the deviation in
channel persistence in the incidence map. This study gave the insight to design
the river training works under the influence of dredging and the acceptability of

the sediment-erosion modeling approach for similar rivers.
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