European Journal of Geography

European Journal of Geography

Volume 11, Issue 1, pp. 140 - 162

Article Info:

Received: 20/09/2020; Accepted: 19/10/2020
Corresponding Author: *aznarulislam@gmail.com
https://doi.org/10.48088/ejg.a.isl.11.1.140.162

Assessing meander belt width of Bhagirathi-Jalangi river
system in lower Ganga delta, India

Aznarul ISLAM", Balai Chandra DAS? 'Aliah University, India
Nishith Kumar MAJI3, Suman Deb BARMAN? Krishnagar Gout. College, India

3 Kolkata Port Trust, India
“ The University of Burdwan, India

Keywords:
meander belt width,
normalized
difference water
index,

pixel-based
classification,
palaeo-channels,
factor of safety,
fluvial architecture,
hydraulics

Abstract

The present work is an attempt to assess the meander belt width of the river
Bhagirathi (frequently oscillating) and river Jalangi (relatively stable) in West
Bengal, India based on geospatial data and field data (lithological composition
and flow characteristics). Belt width has been computed using four major
considerations in increasing order of scale- (i) individual loops of the present
channel (MBw1), (ii) maximum loop width of the present channel (MBw2), (iii)
palaeo channel characteristics identified through normalized difference water
index and pixel-based classification coupled with field observation (MBw3) and
(iv) future channel based on the factor of safety which is a space-time averaged
safe belt width (MBw4). The study found MBw4 of 11.76 km for Bhagirathi and
6.64 Rm for Jalangi considering the 100-year factor of safety. The higher meander
belt width of Bhagirathi in comparison to Jalangi was found to be correlated with
higher monsoon discharge, bed slope, stream power, shear stress, suspended
surface sediment concentration, D50, and lower relative bed stability.
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1. INTRODUCTION

Meander belt is an important part of meander geometry that portrays the hydro-
dynamics of a river. The study of meander geometry including belt width is an
established field of inquiry in hydraulic sciences for a long (e.g. Inglis, 1947; Leopold
and Wolman, 1960; Ferguson, 1976). Delineation of belt width is a major task before
geomorphologists and hydraulic engineers for its landscape planning orientation (Biron
et al, 2014) because since the inception of civilization man has settled in the proximity
to the river for hydro and agro-ecological perspectives (Adedeji, 2011). River, on the one
hand, blesses our civilization by its fertile land, freshwater, and environment and it
paralyzes civilization by severe flood and bank erosion on the other (Sanyal and Lu,
2006). From this vulnerability perspective, protecting riverbank by various engineering
methods has long been a Rey issue in traditional hazard management study (Smith,
2009). However, in the wake of the emergence of the hydro-ecological approach and
environmental flow in recent decades (Brierley and Fryirs 2005; Roni and Beechie,
2012), the paradigm, has become more eco-friendly and believes in the minimum
modification of river by engineering practices. This notion emphasizes the physical and
ecological integrity of living, dynamic, and evoluving aquatic ecosystems, with a focus
on process-based restoration where the river can ‘heal itself’ (Beechie et al., 2010;
Kondolf, 2011). Besides, the tell-tale marks of river instability and negative health
impact of river induced by engineering practices can be minimized (Bravard et al., 1997;
Brierley and Fryirs, 2004). Thus understating the negativities, the river corridor
approach focusing on the channel oscillation by lateral migration, channel cut-off, and
stream avulsion gained popularity over the last few decades. Quite naturally
delineating river corridor or belt width has been attempted by some scholars. Bridge
and Tye (2000) have determined the belt width of palaeo channels based on lithofacies
analysis of wireline logs and cores. However, the delineation of meander belt width by
the application of remote sensing coupled with field obseruation is commonly observed
in recent studies. Cygnia and Timothy (2003) have computed channel migration zone
based on historical migration zone, avulsion hazard zone, erosion hazard area, and
disconnected migration area from field observation and satellite images. Biron et al
(2014) considered a risk (flood and erosion) and ecological integrity while delimiting
belt width. Recently factor of safety has been taken into consideration for belt with
delimitation (Ness, 2004). The previous works indicated that belt width delineation is
not at all new and drawing attention from the scientists exponentially.

In Ganga-Brahmaputra (GB) delta, rivers especially the Bhagirathi-Hooghly system
has been explored in terms of channel oscillation since long (e.g. Rennell, 1788;
Sherwill,1858; Hirst,1915; MukRherjee, 1938; Bandyopadhyay,1996; Ray, 1999;
Bhattacharya, 2000; Rudra, 2010) and meander behaviour (e.g. Basu, 1976; Basu et al.,
2005; Guchhait et al., 2016; Islam and Guchhait, 2017a). The meander belt width of this
active deltaic river channels has become a matter of serious concern as it is one of the
most densely populated areas in the world. Human activities especially the intensive
agricultural practices and the expansion of settlements are notable in West Bengal
(Shit, Bhunia, and Maiti, 2015; Halder, 2018) which are more conspicuous within the
meander belt. That is why the counter effect between human activities and river
channel oscillation in the meander belt often causes the long-lasting problem to both
rivers and in turn to the human being. Besides, river training and controlled river
regime may keep civilization in a safer place up to a certain extent. But the complexity
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in geomorphic evolution often makes costly training works futile in the long run
(Chitale, 2000). So, what is essential is to perceive river behavior in place of river
control (Mazumder, 1993; Mazumder, 2004; Rudra, 2011). However, most of the
previous works missed the approach to deal with the meander belt width. Thus, it
would be a novel attempt to address those gaps through the following objectives.
1. To delimit belt width of Bhagirathi and Jalangi from the consideration of present,
past, and future channel characteristics, and
2. To assess dynamism in belt width from the hydro-geomorphological perspectives
especially with regard to fluvial architecture and hydraulics.

2. MATERIALS AND METHODS

2.1 Geomorphic set up of the study area

The Ganga-Brahmaputra delta is the largest delta of the world with a subaerial surface
area of 110,000 km? (Bandyopadhyay, 2007). River Ganga a major component in this
deltaic system is, at present, greatly controlled by the Farakka Barrage Project (FBP) in
its upper and lower stretches (Mandal, 2017). So, the landscape evolution and the
channel instability of this tract are the results of the hydrologic alteration from FBP in
the lean period and the monsoon regime in the freshet (Islam and Guchhait, 2017b). The
present investigation is concentrated in the lower stretch of the Bhagirathi River, an
offshoot of the Ganga flowing through the state of West Bengal, India to make an
outfall into the Bay of Bengal. In this stretch, Lower Bhagirathi and Lower Jalangi have
been selected to study the dynamics of the meander belt width. Lower Bhagirathi
extends from Ajay-Bhagirathi confluence at Katwa to the Jalangi-Bhagirathi confluence
at Nabadwip while lower Jalangi extends from the Saraswati-Jalangi confluence at
Malipota to Jalangi-Bhagirathi Confluence at Nabadwip (Figure 1). Thus the three
confluence points constitute a triangular area having an extension from 23° 39°22" N to
23° 24° 40” N and from 88° 08 14” E to 88° 31" 02” E (Figure 1). In this area, the
Bhagirathi is roaming over the region extending from the lateritic belt at the western
margin and up to the river Jalangi in the east which is very clear from the palaeo-
channels of Bhagirathi (Guchhait et al., 2016). But river Jalangi once an active channel is
now virtually dead because it is presently disconnected from the Padma. Thus, it
receives negligible flow from the upstream, especially in the lean months.

2.2 Database

The study is based on geospatial data and field data. For delineation of belt width
Landsat 5 Thematic Mapper (TM) for 1990 and 2004 and Landsat 8 Operational Land
Imager (OLI) for 2014 have been taken into consideration for the study area (Row- 138,
Path- 44). Besides, we collected four lithologs on the right bank of Bhagirathi River,
two on the left bank of the Jalangi River and three in the Bhagirathi-Jalangi interfluve
from the office of State Water Inuvestigation Directorate (SWID), Gout. of West Bengal.
We also collected daily velocity and discharge data measured by Central Water
Commission (CWC) during 2005-2010 at Katwa, and Swarupganj for the Bhagirathi
River and at Mayapur for the Jalangi River. Besides, channel depth, bed slope, sediment
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concentration and D50 data for both rivers have been gathered from Kolkata Port Trust
(KoPT) during 2009-2010. Besides, we also collected data on bank material composition
from the extensive field investigation during 2014-2018.
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Figure 1. Location of the study area

2.3 Methodology
2.3.1 Meander belt with delineation

We addressed the problem of delineation of meander belt width following systematic
methodological steps as below.

a. Selection of loops

The loops having the sinuosity index aboue 1.05 hauve been taken into consideration
for the study of meander belt width. For Bhagirathi a total of 12 loops (6 on each bank)
for 1990; 11 loops (6 on left bank and rest on the right bank) for 2004 and another 11 (5
on left bank and the rest on right) have been selected while a total of 18 loops (9 on
each banR) have been considered for Jalangi river for 1990, 2004 and 2014 (Figure 2 a,
b).

To delineate meander belt width, basic meander geometry parameters like amplitude
(a,,) and channel width (w) have been computed from the images with the help of the
measurement tool of ArcGIS 9.2. The present analysis is based on buffering which has
been done using the buffer tool of ArcGIS

b. Defining MB Axis and channel axis

Before we enter into the actual delineation of the meander belt width, it is essential
to define the meander belt axis. Various scholars have defined axis in their ways. Along
a meander axis, the sum of all the directional changes is zero, and variance (mean
square of deviations in direction) is minimum (Langbein and Leopold, 1966). The
rectilinear meander axis is the centerline of the meandering pattern downstream of the
valley slope (Julien, 1985). In the present study, the MB axis has been assumed to be a
line to divide the individual meander belt into two halves into the opposite sides. In this
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delineation, the first peak of the individual loop has been joined by a straight line on
both sides of the channel. Then using the ArcGIS tool ‘collapse dual-line’ a centerline
has been drawn. Finally, the MB axis has been smoothened by ArcGIS ‘smooth line’ tool.
This smooth line constitutes the MB axis for the delineation of the meander belt of
different orders discussed in the following section.

kilometers

INDEX

ECourse of River, 1990
E]Course of River, 2004
[EI Course of River, 2014
E] Confluence of Rivers

Loop Number (Left bank)
Loop Number (Right bank)

Figure 2. Location of the selected meander loops; (a) Bhagirathi river (1990, 2004, 2014) (b) Jalangi River
(1990, 2004, 2014)

For defining channel axis (centerline) from satellite images Normalized Difference
Water Index (NDWI) has been computed after Mcfeeters (1996) in the following way.

NDWI = ng‘aan—ﬁm:r (l)
Xgreent+Xnir

This method is capable of detecting changes in water content in water bodies. The
pixels recording NDWI value as zero are defining the channel boundary. The pixels
having positive values are denoting water bodies whiles the negative ones indicating
other features. After defining the channel boundary, transects of endpoints have been
drawn across the entire reach the simple arithmetic average of which gives the channel
centerline or the channel axis (Magdalenoand Ferndndez-Yuste, 2011).

c. Delineating palaeo channels

Delineating the palaeo channels is a major problem before the geomorphologists.
Obseruving the inefficiency of traditional water indices (NDWI- Gao, 1996; McFeeters,
1996) to delimit the active and the palaeo channels of the river as constrained by the
growth of aquatic plants (algae and water hyacinth), the pixel value of a particular
band (SWIR in place of either band ratio or false colour composites (FCCs) have been
considered for the present case. To attempt that task using mono-spectral images
(SWIR band), we used a pixel-based classification. An image consists of pixels having
unique DN value aiding delimitation of palaeo-channels. For the present study, three
different images have their different radiometric scales — 28(0-255) for 1990 and 2004
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while 2'%(0-65,535) for the 2014 image but the grayscale present in the actual scene
ranges from 1-212 for 1990, 1-255 for 2004, and 5479-64732 for 2014. The ‘limiting
pixels’ defining channel boundary have DN 22, 30, and 8000 for 1990, 2004, and 2014
respectively. So, the channels comprised of the pixels having DN less than equal to
limiting pixels have been extracted through a binary classification (1 for channel and 0
for other features). Now the channels which are currently active are excluded by NDWI
values and field verification and the remaining channels are classified as palaeo. To
validate the pixel-based classification a total of 527 pixels have been selected from the
image. At the first stage the pixels were classified as land pixel (N=297), water pixel
(N=183), and hybrid pixel-containing a varying proportion of both the land and water
(N=46). At the second stage, hybrid pixels were reclassified as either land (N=21) or
water (N=25) pixels based on their relative proportion. Thus finally we derived 318 land
pixels and 208 water pixels which were conuverted into point data to get its centroid
location on the ground. With the help of GPS, we tracked the exact pixel location
followed by the ground extrapolation of that pixel having 30 m dimension from its
centroid. In the end, we run a correlation between image-derived binary and ground
derived binary of that 527 sample pixels which depict a near-perfect correlation (r =
0.97).

d. Techniques for delimiting meander belt width

Delineating meander belt is not a serious problem for regular and simple meanders
but it is not so easy for the irregular and compound meanders (VTANR, 2004). There are
various methods for delimiting the width of the complex meander belt as discussed by
Ness (2004). Bhagirathi and Jalangi rivers of Bengal delta exhibit exquisite examples of
the irregular meander. Therefore, to delineate their belt widths four techniques
(modified after Ness, 2004) have been applied to unuveil the complexity of the meander
pattern. They are as follows:

L MB,, = 2a,, + w (ii)
i, MB, ., = 2da + w (iii)
iii. ME, ;= 2dP + w (iv)
iv. MB, ., = (2a,, + w)*F5+ M__.100.(v)

Where MBy Meander belt width; da=distance of the farthest point of the present
channels from meander axis; dP= distance of the farthest point of the palaeo channels
from meander axis; FS=Factor of safety = 1+ (m1oo /M B, ;... ), Mioo-distance of
migration or absolute shift of Channel centre line in 100 years,M B, ,....for maximum
belt width of the present channel, Maxioo -migration or absolute shift of meander axis in
100 years.

e. Share of overlapped meander belt between two confluence rivers

Generally, it is found that all variables of meander plan forms are dependent on
channel width (Knighton, 1977) and streams width varies as the square root of
discharge. Thus, since discharge increases with distance from the source, the width will
increase in the downstream direction and meander dimensions will vary accordingly’
(Knighton, 1977). So it is very much supported by the width dependent nature of plan-
form geometry of a meandering river. And the magnitude of the channel width of two
rivers can be used for delimiting the boundary between meander belts of two rivers
where they confluence and have an overlapped zone of common meander belt.

Share of overlapped meander belt width by channel C; with average channel width
w1 can be delineated using formula.
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Where w; and w; are average widths of channel c¢; and c; respectively. Mb, is the

width of the overlapped meander zone of two channels measured along lines drawn

perpendicular to the line connecting the point of the junction at the confluence and the
point of the intersection of lines delineating meander belt width of two rivers.

2.3.2 Measuring discharge using ADCP

Hydrological obseruvations for velocity and discharge measurement in the river are
conducted at three locations namely at Katwa, downstream of Jalangi river at
Swarupganj, and in the confluence of river Jalangi deploying the state of Art equipment
Acoustic Doppler Current Profiler (ADCP) mounted on the bottom of the ship’s outer hull
using the principle of “Doppler shift”. The ADCP having 4 acoustic transducers that emit
and receive acoustical pulses from 4 different directions used a lower frequency (75 RHz
) to reach as deep as 700 m of Bhagirathi river. An on-board computer processes the
returned signal and a real-time display of the magnitude and direction of the current
throughout the water column is produced on the computer monitor.

2.3.3 Sediment analysis (sediment concentration and grain size distribution)

The samples collected from the bed and the surface were analyzed in the following
steps in the laboratory to determine sediment concentration. First, the one-liter water
sample from the surface and near the bed is collected from the desired location.
Secondly, the suspended material is separated by filtration using a known weighted
filter paper. Third, filter paper with the sample is weighted (Total weight). Finally,
after substruction of the weight of the filter paper from the total weight, we get the
sediment concentration in gm /lit.

A Sieve shaker machine is used for identifying the different sizes of particles present
in the sample. A simplistic definition of sieving is the separation of fine material from
coarse material employing a meshed or perforated pot by vertical movement (vibratory
sieving) or horizontal motion (horizontal sieving). Steps adopted for determining grain-
size distributions (D50) using a sieve shaker are as follows.

i.  The soil sample is dried in an oven and Rept in desiccators.

il. 100 gms of dried sample is taken.

iii. The dried sample then is placed in the sieve set containing sieves of mesh nos.-
B.S. 36 (dia.-0.425 mm),52(dia.-0.300 mm),60(dia.- 0.250 mm),72(dia.-0.212
mm),100(dia.-0.150mm),120(dia.-0.125 mm),150(dia.-0.106 mm),170(dia.-0.090
mm),200(dia.-0.075 mm),240(dia.-0.063 mm),300(dia.-0.053 mm),350(dia.-
0.045 mm) & 400(dia.-0.038 mm) arranged in descending order of coarseness
which is shaken by electrically operated sieve shaker for 5-6 minutes after which
the residues in each sieve are weighed & recorded and finer percentage of each
sieve in gram are calculated.

iu. A grain distribution curve is then plotted with the finer percentage against each
said sieve diameter in mm in semi-log graph paper. The finer percentage is taken
in the vertical axis and said sieve diameter in mm is taken along the horizontal
axis.
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u. Finally, we get an S-curuve from where we can calculate the finer percentage of
grain size distribution having all diameters such as diameterio to diametergo,
mean diameter, and uniformity coefficient.

2.3.4 Computation of stream power and shear stress

Stream power determines the ability of a stream to erode and transport through its
channel. Stream power (1) and shear stress () have been computed using the
following algorithm.
Q=pgQs (vii)
T=pghS (uiii)
Where p = water density i.e. 1000Rg / m3; g = acceleration due to gravitational force
i.e. 9.81; Q = discharge and S = channel slope i.e. m/m; h= flow depth (m)

2.3.5 Relative bed stability analysis

It is rational to assume that the higher the channel instability wider is the channel
oscillation belt or meander belt. The present section applied the methodology of
finding relative bed stability (RBS) to find out the channel stability (Olsen et al, 1997).
Relative bed stability (RBS) is the ratio of the critical condition of the existing condition
during bankfull discharge (Jowett, 1989; Gordon et al, 1992)). It may be the ratios
between shear stresses, discharges and velocities of critical value to bankfull value.
Here we adopted the ratio of critical velocity for entrainment of Dss particle (critical
sediment size for bed stability) to bankfull bed velocity (Olsen et al, 1997).
RBS = vih (ix)

Where V_ is critical velocity and V;, the bankfull velocity

If RBS is 1.0 the bed is at a critical position. Higher the value the bed is more stable
and vice versa.

3. RESULTS

3.1 Belt width on the consideration of present channel geometry

Meander belt 1 (MBuw1) for both Bhagirathi and Jalangi in lower reach has been
computed according to the aboue-mentioned technique for three different periods viz.
1990, 2004, and 2014. The belt width of Bhagirathi is more variable than that of Jalangi.
In 1990 the average belt width of Bhagirathi has recorded 3.62 km whereas it was 2.91
kRm for Jalangi (Figure 3 a, b). But this hiatus came to decrease in 2004 due to a major
meander cut off of river Bhagirathi i.e. Bishnpur-Char Chakundits‘cut-off that took
place in 1994 reducing river length by 11km (Islam, 2016). In 2004 belt width of
Bhagirathi coincides with that of Jalangi with a value of 2.9 km. In 2014 belt width of
river Bhagirathi falls below that of Jalangi due to another cut-off i.e. Bishnupur- Char
Chakundi 2" cut-off that occurred in 2008 reducing river length by 3.6 km.

Meander belt 2 (MBy:2) has been delimited for both the Bhagirathi and Jalangi river
for the years 1990, 2004, and 2014. The value of MBy: for Bhagirathi is decreasing with
time. The buffer of MBw2 has come down to 5.7 km in 2014 from the value of 8.64 km of
1990. This gradual reduction may be due to the gradual channel straightening by cut-
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off as mentioned aboue. For Jalangi the MBy; is almost constant with the time which
implies that Jalangi is virtually a dead river. But the higher belt width of Jalangi in 2004
and 2014 is a symptom of higher discharge flown through Jalangi very recently. It can
be mentioned here that during the 18"-century Jalangi river regime was compared to
Bhagirathi or even higher than Bhagirathi (Das, 2013). By eastward tilting of the
Bengal basin, Jalangi has been virtually an inactive channel throughout the year except
during the freshet period (Sen, 2010). In this delineation, ouverlapping zones of two
rivers have been detected. By applying the methodology (equation 6) it has been
observed that around 77% share of the ouverlapped area goes to Bhagirathi (Table 2).

30
25 / |
£ 20 /
—
= // ==—"Year 1990
= 15
S // == Year 2004
E 10 Year 2014
0 f~
MBw1 MBw2 -
30
25
= 20
—
~ —f—Year 1990
—
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. 5 i
r—
0
MBw1l MBw2 —

Figure 3. Meander belt width of a. Bhagirathi and b. Janalgi during 1990-2014

3.2 Belt width on the consideration of past channel geometry

For this delineation, the palaeo-channel of the Bhagirathi and Jalangi has been
differentiated based on NDWI, pixel-based classification, and field verification and belt
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width has been determined accordingly. Based on the palaeo channel study belt width
(MBys3) thus derived for Bhagirathi and Jalangi is 24.4 km and 10.2 km respectively for
the year 1990(Figure 3 a, b). With the time there is a gradual fall in the belt width for
Bhagirathi due to channel cut-off but Jalangi occupies its original position because it’s
now a virtually dead channel. This delineates a maximum belt width along with its
maximum overlapping. The problem of ouerlapping has been resolved with the above-
mentioned methodology based mainly on average channel width. Like belt width 2
(MBy2), MBy3 has a predominant share for the Bhagirathi due to its higher channel
width (Table 1).

Table 1. Share of overlapped area

MBw2 MBw3 MBw4
Year 1990 2004 2014 1990 2004 2014 2014
Total 13.75 9.18 8.89 65.82 84.48 76.93 17.7
Share of Bhagirathi (Rm?) 10.6 7.02 6.85 50.77 65.16 59.77 13.68
Share of Jalangi (Rm?) 3.14 2.16 2.04 15.05 19.32 17.16 4.02
Share of Bhagirathi (%) 77.09 76.47 77.05 7713 7713 77.69 77.29
Share of Jalangi (%) 22.84 23.53 22,95 22.87 22.87 22.31 22.11

Source: Computed by the authors, 2016

3.3 Belt width on the consideration of future channel characteristics

This delimitation is based on the factor of safety in the future. It takes the consideration
of the migration rate of channel and migration rate of the meander belt axis of 100
years. Here migration rate has been computed from the last 24-year shifting data which
has been arithmetically projected into 100-year.

First channel migration of three periods viz. 1990, 2004, and 2014 have been depicted
on superimposition (Figure 4a). From the superimposition of channel median lines, it
has been observed that Bhagirathi has shifted on an average of 224 m from 1990 to
2004 with an annual average of 16 m. Similarly, from 2004 to 2014 channel of
Bhagirathi has shifted on an average 115 m with an annual average of 11.5 m. Based on
the aboue obseruvations of the 24 years, the simple arithmetic projection confers the
shifting value of this channel 1381 m for the 100 years while Jalangi remains standstill
in its position with time. Secondly, to compute the migration of the meander belt axis,
three axes positions of 1990, 2004, and 2014 have been superimposed (Figure4b). This
portrays that Bhagirathi has shifted 737 m from 1990 to 2004 with an annual average
of 52.64 m while the river under consideration has shifted 294 m during 2004-2014 with
an annual average of 29.4 m. Based on the 24-year observation period, an arithmetic
projection has been accomplished to get the 100-year average. The average value of
shifting for a century is 41.02 m per year for river Bhagirathi while Jalangi has shown a
definite trend of stand stillness in its position with time or virtual stability of the
channel which is indicated by the NDWI.
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Figure 4b. Shifting of meander belt axis during 1900-2014

Based on the 100-year average migration rate of belt axis and channel centerline,
the factor of safety derived thereof are 1.2 and 1 for Bhagirathi and Jalangi respectively.
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Hence final belt widths from the factor of safety consideration are about 11.8 km and
6.6 Rm respectively (Table 2 and Figure 5). This belt width may be treated as the active
freedom space of the rivers which may be used in planning purposes.

Table 2. Computation of factor of safety

Bhagirathi Jalangi
Migration of channel axis, 100-year average ( m) 1381.14 0
Migration of MB axis, 100-year average (m) 4102 0
Belt width of the present channel (m) 5920 6560
Factor of Safety 1.233301 1
Mean Channel width (m) 290 80
Final belt width (m) 11760.8 6640

Source: Computed by the authors, 2016
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Figure 5. Delineation of meander belt width based on the factor of safety

4. DISCUSSION

Belt width is principally controlled by two factors- bank material composition and

fluvial hydro-dynamics.

4.1 Bank material composition and fluvial architecture

The fluvial architecture was analyzed to relate the composition and
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various sediment layers to susceptibility to fluvial erosion. We went through four litho-
stratigraphic units (BH 1-Islampur, BH 2-Chakbahara, BH 3- Madhupur, and BH 4-
Singhari) on the right-bank floodplain of the Bhagirathi-Hooghly river, three (BH 5-
Narayanpur, BH 6- Dolimoula and BH 7- Tatla) in the Bhagirathi-Jalangi interfluve and
another two (BH 8-Mahatpur and BH 9- Panshila) on the left bank of the Jalangi river
(Figure6a)
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Figure 6a. Location of boreholes

The litho-facies in the right-bank floodplain of the Bhagirathi-Hooghly system are
dominated by clay. Borehole at Islampur (BH 1) shows fine-grained facies mainly ‘FU
(laminated sand, silt, and mud deposited on the ouverbank of Bhagirathi from the
suspension and weak traction current) and ‘Fm’ (massive mud and silt formed by low
stage channel abandonment) in alternating layers up to a depth of 55 m from the
surface underlain by a thin sand facies-‘Sh’ (horizontally bedded sand formed at
subcritical to supercritical flow, Miall 2006) from 55 m to 60 m. Similarly, BH 2 at
ChaRbahara depicts clay facies (FL, and Fm) up to a depth of ~ 44 m from the surface
underlain by the sand facies — ‘Sr’ (ripple cross-laminated sand formed at flow speed
less than 1 m 5> Miall 2006)and ‘St’ ( trough cross-bedded sand formed due to migration
of 3D dune) at the depth from 44 m to 85 m. and the bottom set of the BH 2 is
constituted by the fine-grained facies ( Fl) at the depth of 84-90 m. Lithofacies at
Madhupur ( BH 3) is dominated by clay ( FL, Fm) but the sand facies ‘Sr’ and ‘ Sh’ are
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juxtaposed in between clay facies at the depth of 9 m to 15m, 18.5-21 m, and 45-52m.
Again, borehole at Singarai ( BH 4) shows the dominance of clay facies (FL, Fm)
underlain by the few sand facies- ‘Sr’, ‘St’ and ‘Ss’ or scour —filled sand formed by the
rapid deposition of unsorted coarse bed load, Miall 1977) at the depth of 33-41 m, 45-51
m, 57-94 m (Figure 6b).

The facies at the interfluve region and left-bank flood plain of the Jalangi river depict
similar characteristics i.e. facies dominated by sand instead of clay as on the right bank
of Bhagirathi-Hooghly river (Guchhait et al, 2016). The BH 5 at Narayanpur shows
fine-grained facies- FL, Fm, only up to 60 m from the surface beyond which sand facies (
Sh, St, and Sr) dominate up to 130 m which clearly shows an upward fining sequence.
Facies at Dolimoula (BH 6) and Tatla (BH 7) portray similarity with the BH 5 regarding
facies sequencing. The surface layers are dominated by clay facies (FL, Fm) up to 20 m
for BH 6 and 45 m for BH 7. Beyond this limit, sand facies — Sr, St, Sh, Sp ( planar cross-
bedded sand formed by the migration of 2D dunes) and Sm (massive sand having a
sand stone bed in outcrop ) dominates up to 120 m. One distinguishing feature of BH 6
and BH 7 is the dominant presence of grey and yellow color facies which signifies the
generation of facies in the reducing environment or a saturated state. Similar to the
interfluve facies, the left bank facies portrays surface set clay concentration (Fl, Fm) up
to 26 m in the case of BH 8 at Mahapur and 60 m for Panshila. Beyond this limit, sand
facies ( Sr, Sh, St, Sp, Sm) characterizes the litholog up to 130m ( Figure 6b).

The above description indicates that the cohesive hard clay on the right bank restricts
the channel wandering to a certain limit at the western margin of the GB delta while
the interfluve and the left bank facies are dominated by cohesionless sand having a
high degree of detachability. Bhagirathi River is greatly controlled by lithofacies
composition, especially on its right bank. But due to homogenous litho-stratigraphy on
either side of the Jalanagi river, it is free to meander equally on both sides. Despite this
architectural favour to moue, its meander belt width is lesser and more importantly
stable thereby implying meander behaviour is more controlled by the fluvial hydraulics
rather than the sub-surface architectural elements.

4.2 Role of fluvial hydraulics

River discharge has two major components- solid (sediments) and liquid (water).
Channel instability is induced by the quantity of water and quantity and type of
sediment flowing through the channel (Schumm, 1969). According to Lane’s equation of
balance (1955), channel aggradation or degradation will initiate depending upon the
relative weights of sediments and water. Sediments in the form of total suspended or
bedload and their size distribution (D50) induces the nature and extent of channel
instability while water in terms of flow characteristics and the bed slope induces
channel instability.

Discharge of water controls channel incision through a flood or peak discharge
(high magnitude low-frequency event) and a full range of flow or average discharge
(high-frequency low magnitude events). From 2005 to 2010, annual peak discharge
ranged from ~ 6770 cumecs to ~ 2110 for Bhagirathi at Katwa while for Jalangi
(Mayapur) it was from ~ 480 cumecs to ~ 200 cumecs. Concerning the annual average
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discharge during 2005-2010, river Bhagirathi registers much higher volume (~2125
Cumec from August to October and ~1440 Cumec from January to December) that of
Jalangi River (~220 Cumec during August to October and ~60 Cumec during January to
December) which has created huge oscillation of Bhagirathi. According to Hu et al,
(2017), the peak to mean discharge ratio is important to determine the magnitude of
instability. The higher the ratio, the greater the channel instability. The ratio computed
for the active flow period (mid-july to October 2005-2010) is low (~1.5) for the Jalangi
River compared to Bhagirathi (~2). The stream power increases due to the increase of
this ratio along with the increase in channel bed slope. From August to October (2001 to
2006), we observed the bed slope (So) of Jalangi in the Malipota-Nabadwip stretch (S, =
0.000023) comparatively gentler to that of river Bhagirathi in the Katwa-Nabadwip
stretch (So = 0.00013). Higher bed slope coupled with the higher discharge, the stream
power (L) in the same space-time sequence becomes greater for Bhagirathi (2 = ~2780
W m'and Q/w = ~ 8 W m™2) than Jalangi (Q = ~ 50 W m™ and Q/w = ~ 0.33 W m?).
Besides, the shear stress (t) of Bhagirathi is much higher (t = ~7 Newton m™2) than
Jalangi (t = ~1 Newton m2) which ultimately make the river unstable and oscillating. A
flood is such an euvent that drastically modifies channel configuration especially
channel width-depth. The control through dominant discharge operates as a negative
feedback mechanism. However, peak discharges often cross the threshold limit of the
fluvial system and transient form ratio (TFr), defined by the ratio between the
relaxation time (tr) and the duration separating two successive disruptive events (td)
(Brunsden and Thornes, 1979). When it becomes >1, it triggers positive feedbacR in the
system.

Besides this magnitude frequency analysis of the discharge, another significant
component of water discharge which triggers channel oscillation is the variability of
discharge or unsteady flow characteristics. Variability stream discharge controls
channel meandering by bar deformation, low-flow channel incision, and bend inception
(Visconti et al,, 2010). During our obseruvation period (2005-2010) we found greater
variability of stream discharge for Jalangi river at Mayapur gauge station (coefficient
of uariation ~28% during August to October and ~165% during January to December)
than Bhagirathi at Katwa gauge station (CV ~22% during August to October and ~ 43%
during January to December) due to purely variable monsoon spell. However, no
corresponding increase in lateral erosion and bank failure through piping action
(Hagerty 1991 a, b) along the banks of Jalangi was observed because the water level
required to reach the unconsolidated and non-cohesive sandy layer is very rarely met.
We observed only 3 months of active flow (August to October) for Jalangi and during
most of the period water level rises to 3 m from the bed while non-cohesive layers
(coarse sandy layers) are mostly located abouve 3 m. However, for Bhagirathi gauge
rises well abouve the sandy layer to trigger erosion by slumping (Figure7).
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Again ‘flow sequencing’ (Rinaldi et al, 2008) plays an important role in channel
instability. The nature of the river regime for Jalangi shows no discharge in the lean
periods but river Bhagirathi depicts huge fluctuations even in the non-monsoon period
(lean period) because of the contribution of water flow during January to May by the
construction of Farakka barrage (Figure 8).
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Figure 8. Annual Discharge hydrograph during 2005-2010; a. Bhagirathi at Katwa, b. Jalangi at Mayapur

The concept of flow competence has been used as the basis for analyzing streambed
stability (Lorang and Hauer, 2003) and shear stress is generally accepted as a criterion
for initiation of movement of bed materials (Petit, 1994) of a given size. It is also
viewed that if the competence of the flow crosses the critical shear stress for
entrainment of Dg4 (Olsen et al., 1997) or Dgo (Petit, 1994) particle of bed materials, the
stream bed become unstable which in turn induces instability in the stream channel. We
observed RBS at Katwa and Swarupganj for Bhagirathi and at Swarupganj for Jalangi
and tabulated below (Table 3).

It was found that RBS is much less for the river Bhagirathi (0.034 and 0.043) than
river Jalangi (0.064) and therefore bed as well banks of the river Bhagirathi is more
unstable than that of river Jalangi. These differences in RBS also justify the variation in
the meander belt width of the river Bhagirathi and the river Jalangi.

Table 3. Relative bed stability of Bhagirathi and Jalangi River

River Station Critical velocity for | Bankfull Bed Velocity RBS
entrainment (m/sec)
of D84 sediment
(m/sec)
Bhagirathi Katwa 0.03 0.88 0.034
Bhagirathi Swarupganj 0.03 0.69 0.043
Jalangi Swarupgan;j 0.03 0.47 0.064

Source: Computed by the authors, 2016
From the sedimentological perspective, it might be mentioned that river Bhagirathi

carries higher suspended sediment concentration (0.22 gm./lt. on the surface and 0.51
gm./lt. near bed at Swarupganj during 2009-2010) while Jalangi carries only 0.079
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gm./lt. on the surface and 0.13 gm./lt. near bed at Mayapur) which prouves higher
entrainment and scouring (Islam et al,, 2001). Besides, Bhagirathi characterizes coarser
D50 (e.g 0.191 mm at Swarupganj during monsoon in 2009-2010) compared to fine-
grained sediments of Jalangi (0.105 during the same period) because of the upland
discharge and the contribution from the western plateau tributaries like Ajay,
Mayurakshi (Guchhait et al,, 2016). The D50 greatly controls the threshold limit of
meandering or braiding channels (e.g. Millar, 2005). Though MacKenzie and Eaton
(2017) showed that large immobile sediment load instead of surface and mobile D50
controls the channel morpho-dynamic characteristics and its stability, there is a
consensus about the strong association between D50 and channel instability
(Henderson, 1963). Coarser D50 creates higher particle Reynolds number for river
Bhagirathi which makes channel geometry unstable and higher belt width.

5. CONCLUSIONS

In this present study, the meander belt of river Bhagirathi and river Jalangi is
considered. The behavioural pattern of Bhagirathi- Hooghly is quite different from that
of Jalangi. Bhagirathi-Hooghly is a saved channel by hydraulic control of the Farakka
Barrage Project while Jalangi is a loser to nature. Naturally, river Bhagirathi-Hooghly is
an active channel while Jalangi is almost a passive one the pulse of which is well
portrayed in its meander belt width. Observing the pattern of the meander belt it can
be mentioned that MBu: is almost equal in its magnitude for both Bhagirathi and
Jalangi for 2004 and 2014. For MByz, belt width is higher for Jalangi than Bhagirathi for
the relative straightening of the channel of Bhagirathi. But for the MBys based on
palaeo-channel study Bhagirathi crosses Jalangi. The final belt width i.e. based on a
100-year factor of safety shows that belt width is almost double for Bhagirathi (11.76
kRm) than Jalangi (6.64 km). The higher and oscillating belt width is controlled by the
fluvial architecture and hydraulics. The lithofacies depicted hard clay composition on
the western margin of the delta which restricted the movement of Bhagirathi to a
greater extent. However, the coarse sandy composition in the Bhagirathi-Jalangi
interfluve and on the left bank of Jalangi favoured huge channel oscillation for
Bhagirathi and limited for Jalangi. It is due to differences in hydraulic forces depicted
through higher discharge, higher steam power, higher shear stress, and lower relative
bed stability coupled with higher suspended sediment concentration and D50 for
Bhagirathi compared to Jalangi.
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