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ABSTRACT

Migration of river channel is a natural process but sometimes it can create problems such as land
ownership conflict, land loss and loss of infrastructure. Present study deals with the river Kalindri of
Malda district which is considered as a branch of Pullahar. The principle objective of this work is to
delineate channel migration corridor of the river Kalindri. For the demarcation of channel migration
zone (CM2Z), construction of historical migration zone (HMZ), erosion buffer (EB), avulsion potential
zone (APZ) etc. is performed. The results clearly display that the river has a historical channel
migration zone of 218.24 km? with average lateral width of 3.37 km in between 1924 to 2015. After
Farakka Barrage project (1973), volume of water and river energy is reduced significantly and it
causes squeezing of wide channel migration zone (1.63 km). Total 74 number of villages fall under
present channel migration zone and out of them 27% villages are prone to high frequency channel
migration problem.

Keywords: Hydrological modifications; historical channel migration; channel migration zone; erosion
buffer and avulsion potential zones.
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1. INTRODUCTION

The lateral shifting of river channels within flood
plain regions is a natural event [1-3] but
increasing anthropogenic interference has made
it semi natural [4]. Lateral migration of river
channel some times put forwarded challenges to
the engineers, scientists, planners and managers
on how to best accommodate societal needs
coming from the river directly and indirectly [5].
Alluvial courses are very migration prone and if
hydrological properties, sediment characters,
active tectonics, etc. adjusted they can easily
modified themselves. Migration of the river
channel determined by several aspects such as
properties of soil, river bank geometry (e.g.
channel width, meander wavelength, meander
length, amplitude, sinuosity, radius of channel
bend etc), discharge frequency [6,7,8,9], river
bank resistivities, riverine vegetation cover, [10],
etc. [11]. Various human activities or natural
instabilities can stimulate the rate of river channel
migration. For example, the elimination of
vegetation cover in flood plain can assists to
accelerate the rate of migration [12]. A lot of
rivers all over the world such as Ganga, India
[13,14,15,16], Kosi, India [15,17], Gandok river,
India [15,18], Meghna river, Bangladesh [15,19]
and so many other rivers deeply imprinted
evidences for spatio-temporal channel shifting
[15]. Lateral shifting of sinuous alluvial river
channel sometimes responsible for arising
conflicts between bank erosion and human
activities near river banks [20]. Lateral shifting of
a river usually occurs within a corridor [21], so, it
sometimes generates problems to those who live
in the corridor. Due to the river channel migration
every year many people forced to leave their
homes, crop land etc. [22-25]. In the river Kalindri
channel shifting rate is 3.89 metre/year and
many people displaced due to shifting [4].So,
identification of river channel migration zone is a
vital and very important job as channel
migration zone able to provide a general idea to
the people about the shifting tendency of the
river. In general channel migration zone (CMZ) is
the corridor or belt where the active river
channel is prone to shift over time. Several
scientific studies related to delineation of channel
migration zone have been carried out by
different eminent scholars and scientists over
different river basins such as Yang et al. [26]
carried out their study on channel migration of
the river Yellow in China, Mukherjee and
Pal [9] delineated channel migration corridor of
river Ganga alongside Malda district. Rot and
Pam [27] bhad identified the Channel
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migration Zone of Dungeness River in
Wasington. The present work wishes to
delineate channel migration zone for last 90
years as general and post Farakka state in
particular. This work also wants to investigate is
the discharge change invited squeezing the
channel migration corridor? Village wise channel
appearance frequency is also to be investigated
for focusing the vulnerable villages. Predicted
migration corridors are also identified for
understanding future channel migration
vulnerabilities.

1.1 Study Area

One of the renowned river of Malda district in
West Bengal is the Kalindri an offshoot channel
of River Phulhar which is bifurcated from
Phulher at Nazirpur, Manikchak (87°5348 East
and 25°0813" North)  through process of
avulsion. It is flowing mainly southeast and joins
Mahananda river at Nimasari Ghat (88°807 East
long. and 25°0242 North lat.) opposite of the
town of Old Malda after flowing 55.35 kilometres
distance. According to GSI report 2008 there are
several fault line within the region and the
river Kalindri situated within a triangle formed by
several fault line which is a vital reason
behind the river avulsion and migration. Kalindri
mainly is flowing over the 4 CD blocks (Ratua-l,
Ratua-1l, Manikchak and English Bazar) of
Malda district [28]. Kalindri river and associated
old channels of the river has been selected for
the study. Over the time period the river Kalindri
showing a long history of evolution and
channel change. A reference is found in the
Ramacharita by Sandhyakara Nandi of the
River Kalindri in which it has been stated that
Madanapala defeated his enemy on the bank of
the Kalindri river [29]. Carter [30] in his
settlement report has described the course of
river Kalindri in the District of Malda as it is
existed in 1935: “The Kalindri has always
been connected with the Ganges by navigable
Channel, down which the flood water of
Ganges passes”. Due to lateral shifting of the
river 4 numbers of sizable ox bow lakes have
been formed which are proves as resource
pool to the people living surrounding region of
those lakes. The river is still showing sinuous
character as indicated by high sinuosity value
which is 2.25 in the present year. But according
to perception of people rate of shifting is quite
slowed down after construction of Farakka
Barrage. Average discharge during monsoon
season of the river Kalindri varies from 12 to 42
m®. During pre monsoon season it varies
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Fig. 1. Location map

from 1.58 to 5 m® [28]. Both the bank of the river
is made by alternative deposition of sand silt and
clay [31].

2. MATERIALS AND METHODS
2.1 Materials

Toposheets of Survey of India (78 C/4 ,1972 and
72 0/16 1974), Renells’ Drainage map (1781),
U.S Army maps (1955, 1982), Landsat 5 images
(2005), Google image (2015), Cadastral map of
Revenue survey, Govt. of West Bengal (1951)
have been used to prepare the drainage maps of

different periods. The specific details of primary
data, and maps used in this study listed in
Table 1.

2.2 Methods

2.2.1 Methodology for delineating river

channel migration zone (CMZ)

The methodology related to delineation of
Channel Migration Zone (CMZ) has been well
documented in the work of Rapp and Abbe [32]
and as well as Wasington Department of Natural
resources [33]. Thatcher and Swindell [34] &




Montana State Library [35] also put forwarded a
clear cut idea about CMZ demarcation. The
CMZ is the summation of numerous
diverse components of the river scenery, some
which may not be relevant and apply in
every CMZ study. In the context of Kalindri
river the CMZ has been demarcated by
overlapping the Historical Migration Zone and
Erosion Buffer and Avulsion Potential Zone
(APZ).

Channel Migration Zone (CMZ) = Historic
Migration Zone (HMZ) + Erosion Buffer (EB)-
Disconnected Migration Area (DMA)

2.2.2 Methodoloqgy for delineating of
historical channel migration _zone
(HCMZ)

The methodologies that have been followed to
identify the CMZ are based on the study of
Thatcher and Swindell [34] and Rapp and Abbe
[32]. For the identification of HCMZ of River
Kalindri, the polygon layers of the bankful river
courses for the years 1924,1955, 1973,1977
1982, 2010 and 2015 are taken into
consideration . All the hard copies of maps
scanned and converted into digital format. The
secondary maps were registered with the UTM
projection (India) and digitized all the river for
different period. GCP has been also collected
using GPS for geo-referencing. Previous maps
were registered based on the past hard copies
which already possessed coordinates collected
from recognized sources. After vectorization all
the selected maps overlapped in a single frame
to produce to HCMZ.
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2.2.3 Methodoloqgy for identification of
Erosion buffer (EB) and avulsion

otential zone (APZ

One of the integral parts of the present research
work is demarcation of Erosion buffer (EB). For
that first foremost 27 cross sections over the
Kalindri river have been drawn. Migration rate
has been calculated along the section line from
1924 to 2015.Following the methodology of
Dalby, [36], FEMA [37] and Washington DNR
[33] the migration rate is also interpolated for
next 100 years. Through the help of migration
rate erosion buffer has drawn. The Avulsion
Hazard Zones (APZ) are envisaged the locations
of rapid channel modification by capture of a
relict channel or low topography within the
floodplain. The Avulsion Potential Zone has been
prepared based on digitized channel courses that
are marked beyond the boundaries of the CMZ.

2.2.4 Disconnected migration area (DMA)

Disconnected Migration Area (DMA) is the the
portion of the CMZ where man-made structures
physically eliminate channel migration. In the
present study there does not exist any man
made structure which helps to restrict the
channel migration.

3. RESULTS AND DISCUSSION

3.1 Historical Channel

(HCMZ)

Migration Zone

Fig. 2 shows the Historic Channel Migration Zone
(HCMZ) of Kalindri river for 1924 to 2015 and

Table 1. Data types and their sources

Data type

Source

Drainage Map of J.Rennel (1767)
Drainage Map of 1855 based on revenue survey
map

Drainage Map, 1924

Drainage Map,1955

Drainage Map, 1961

Drainage Map,1977

Drainage Map,1973

Drainage Map Map-1982
Drainage Map, 2005

Drainage Map,2010

Drainage Map,2015

Mouza map,2001

Rennell, J. (1781)
Revenue Survey Map(1855)

Survey of India Toposheet

U.S.Army

U.S Army map(sheet no NG 45-11)

Landsat image, Path/Row-139,43,1977
Landsat image MSS, Path/Row-139,43,1973
U.S Army

Landsat image, Path/Row-139,43,2005
Google Earth Image,2010

Landsat image , Path/Row-139,43,2005

Landuse Map-2001 Land and Land reform
Department, Govt. of India
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Fig. 2 Historical channel migration zone (HCMZ) — (A) HCMZ since 1924-2015 and (B) HCMZ
during period of 1973 - 2015

1973 to 2015 respectively. There are two well-
defined HCMZs (active and inactive) based on
the existence of flow at present. Inactive Channel
Migration Zone is the upper part of Kalindri river
from Debipur to Najirpur. This section was
active before1973 but does not carry any
water at present. HCMZ area during 1924 to
2015 has recorded 111.18 Km*. During
period 1973 to 2015 area under HCMZ was
33.34 Km® which was relatively large during
1924 101973 (see Table 2). Width of the HCMZ is
also declined 1.63km in post farakka
barrage period which was 1.74km during pre
farakka barrage period. Disconnection of
some oxbows from main river is one
of the major reasons for this in direct view.

3.2 Erosion Buffer for Predicting Future
Channel Corridor

To get an idea about the future course of the
river Kalindri erosion buffer has been drawn. First
of all the migration rates throughout the cross
various sections for the entire segment of the
Kalindri River from 1924 to 2015 has been
calculated. After that the Erosion buffer for the
period of 1973 to 2015 has been also calculated.
The area under Erosion buffer was 62.24 km?
during period of 1924-1973. But area under
Erosion Buffer during 1973 to 2015 is 44.82 km?
which indicates 27.98% area decreased within
last 42 years. During 1924 to 1973 the average
width of the Erosion buffer was 1.77 km but after
1973 it is reduced to 1.51km.

3.3 Avulsion Potential Zone (APZ)

Diversion of flow from an existing river course
onto the floodplain, eventually resulting in a new

course can be defined as channel avulsion [38,
39]. Kalindri river is basically a product of
avulsion process of river Phulhar [28]. The
potentiality of avulsion is generally becoming
very high at river curvature and at the condition
of low lying land. The APZ mapping has been
prepared with the help of channel bends which
are highly prone to cutoff beyond the CMZ.
Avulsion sites are also identified through the
primary field survey. Total area covered by the
Avulsion potential Zone is 14.39 km?. Fig. 4
represents the APZ of the region. In the present
river, there are several bend in the channel which
is very much prone to cut-off (see Fig. 4).

3.4 Channel Migration Zone (CMZ)

During 1924-2015 the area under Migration was
218.24 km®. After 1973 CMZ area has reduced
into 78.16 km? which was 140.08 km? during
1924 to 1973 (see Table 2).Therefore it is clear
that the CMZ area decreased over the post
farakka barrage period. Before construction of
Farakka barrage the width of the migration
corridor was 3.37 km but at present the
wandering rate is reduced and width of the
migration corridor is 1.63 km.

3.5 Affected Villages due to Channel
Migration of Kalindri (Since 1924-
2016)

Channel Migration Zone of the Kalindri River has
been draped over the mouzas concerned in the
study area (see Fig. 6). During 1924 to 2015, 26
number of mouzas of English Bazar, 29 mouzas
of Ratua-l, 16 mouzas of Ratua-ll and 24
mouzas of Manikchak CD block have been
affected by lateral shifting of channel of Kalindri



River. All the mouzas affected by channel
migration categorized into four zones based on
their frequency of appearance. Atagama
(JL.No.17), Nagharia(JL.No.25), Lakshmighat
(JL.No.26), Jot Basanta (JL.No0.47), Narahata
(JL.No.26), Jotgopal(JL.N0.49) and  Uttar
Gobindapur (JL.No.51) are some mouzas in
English Bazar which are frequently affected by
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lateral migration of Kalindri River for several
times during 1924 to 2015. After, 1973 the
numbers of villages are covered by Channel
migration zone of high inundation frequency has
been reduced. During period 1924 to 1973, 38
villages are affected almost every single time of
the sample years by the river channel but it is
reduced in to 20 in post Farakka period.
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between 1924 — 2015, (B) Erosion Buffer Area of the part of the Kalindri River - as per the total
migration in between 1973 - 2015
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Table 2. Area under EB and CMZ

Year EB(Area in Km’) HCMZ (Areain Km°) CMZ(Areain Km?) CMZ (Width in Km)
1924-2015 107.06 111.18 218.24 3.37 Km
1924 -1973 62.24 77.84 140.08 1.74 Km
1973 -2015 44.82 33.34 78.16 1.63 Km




87°50'0"E

87°55'0"E

88°0'0"E

88°5'0"E

Das; JGEESI, 14(3): 1-10, 2018; Article no.JGEESI.40154

87°50'0"E 87°55'0"E 88°0'0"E 88°5'0"E

=7

25°10'0"N

Ganga River
Phulhar River

25°5'0"N

Legend

U,.‘ © 1« Gobarjona

Q akshmipur
OO U - Sailpur

1924-2015

¥
s
&
s
=~
S

1973-2015

N
u@r
s

z

s A P
® :? @ &
=z . z S
w3 2 4 =
-~ = = - -
& . e i
~ ) H G

= e

] z

3
z z s £
s = Kalindri River f
® b &
Wi o ¥
~ e | Legend o

I River(2016) Madiaiha‘t' /) v \?upurﬁ‘ 5 I River (2016)
CMZ(Active) < ;‘::‘L’“ rat CMZ(Inactive) .
: : e
CMZ(Inactive) \’ 1O 1 _& & B CMZ(Active) Kilometers
AT N
87°50"0"E 87°55'0"E 88°0'0"E 88°5'0"E 87°50'0"E 87°55'0"E 88°0'0"E 88°5'0"E

Fig. 5 (A) Channel Migration Zone 1924-15, (B) Channel Migration Zone 1973-2015

87°55'0"E

88°0'0"E 88°5'0"E

=
8

25°10'0"N

Legend

I River
[ emz(Active)
[ emz(inactive)

Inundation
Frequency

of Villages in%

A (Bsed on Channel

| Migration from 1924 to 2015)

25°5'0"N

0
Below 40
P 40-80
I Above 80
87°55'0"E
3 15 0 3 6 9 12
A e, ! Kilometers
87°50'0"E 87°55'0"E 88°5'0"E N
\ %99 39 N
8 a7 W E
£ Legend
-E - River
&[] emz(active)
[T cMz(inactive)

87°50'0"E

w 25°0'0"N

z
=
g‘ Frequency of
<& Channel Migration
(After 1973)
0
1-2
— I
r4
B_E
. 2
87°55'0"E 88°0'0"E 88°5'0"E g
3 15 0 3 6 9 12
o™ ™, j Kil

Fig. 6. Frequency of villages susceptible to channel migration of Kalindri river — (A) since 1924-
2015 and (B) since 1973-2015 (values within the village boundary indicate Jurisdiction List

Number or JL No.)



3.6 Discussion

Result clearly states that in post Farakka barrage
period, areal extent and lateral spread of CMZ is
declined. At present water flows within the
previously scoured wide valley of Kalindri. Some
of the possible reasons behind such incidents
are (1) attenuation of discharge, (2) loss of one
of the connection with Fulahor river,(3) growing
sediment loads etc. Average discharge in
monsoon in Pre Farakka period was 54.42 to 60
cumec but now it is 12 to 42 cumec [28]. In pre-
monsoon season, almost 233.33% discharge is
declined in recent period after Farakka barrage.
In monsoon, this rate is 78.87% [28]. Wide
course of the left oxbow lakes also proves that
discharge was far greater in river Kalindri than
present. Average width of the oxbow lakes is
335m but width of the present active channel is
39m at Najirpur while emanating from river
Fulohar and 210 m at Nimasaraighat while
meeting with river Mahananda. Attenuating
discharge has slowing down the rate of channel
migration. Construction of Nurpur barrage over
Kalindri river under Farakka barrage project
regulates water to the Kalindri. Moreover, closing
one connection with river Phulhar also curtailed
discharge to the river. Cumulative deposition of
sediment within channel and aggradations is also
responsible for loosing energy for channel shift.
Suspended sediment load measured at the
source and confluence points of the river states
that entrainment of only suspended sediment is
127.29 x10™ kg/year greater than release to the
river Mahananda. So such amount of suspended
load is settled down along with other types of
loads and eroded materials from surrounding
region every year triggering aggradations.
Changing state of river scenario is collectively
responsible for squeezing the channel migration
corridor.

4. CONCLUSION

This work articulated the changing extent of
channel migration corridor after Farakka barrage
project considering the time periods since 1924
to 2015. Analysis clearly revealed that channel
migration corridor is reduced from 218.24 km? to
140.08 km® in post Farakka barrage period.
Discharge attenuation is considered as major
reason behind quite stabilizing channel and
squeezing migration corridor. Such incidents
apparently will encourage people to enter into the
historical migration corridor for safe living and
harnessing resources. A good number of existing
villages have got rid of from channel migration

Das; JGEESI, 14(3): 1-10, 2018; Article no.JGEESI.40154

vulnerabilities. Along with these benefits, some
upcoming burden people have to bear. For
example, incident of regular flood plain renewal
may be affected and it may reduce fertility of the
soil. Wetland resources may also be affected due
to this emerged situation.
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