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Abstract 

The Rapti river and its tributaries are meandering river, consisting of a variable number of meander bends, which change their 

locations and sizes each year. The most significant bankline modifications take place during the receding stages when excess 

sediment is deposited as point bars, side bars along the main channel, causing changes in local flow directions and migration of 

the thalweg. During floods river hydraulics change inducing variations in sediment transport characteristics and erosive forces, 

and the channel starts shifting at several vulnerable reaches. Understanding the flow of river and flow of hydraulic structures 

helps in their proper planning, design, and maintenance. Hydraulic analysis is made up of downstream and downstream 

hydraulic structures such as barrages and spurs such as sediment deposition upstream and skewed hydraulic jumps downstream 

as a result of insufficient energy dissipation. Therefore, the morphological studies have played an important role in sustainable 

river management, and restoration structures as well as flood risk mitigation. To solve this problem, we have done various 

study like effect of barrage, embankment, spurs on river morphology; and development of embayment between spurs. The 

study area needs corrective measure, appropriate planning, and governmental support to stabilize the riverbank lines and 

protect riverbank from erosion. 
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1. Introduction 

Meandering rivers are one of the most widely studied 

systems on earth, although the knowledge on their actual 

dynamics is still limited, but these are most intriguing and 

highly dynamical processes. Basically, meander rivers carve 

their shape into the floodplain by alternating processes of 

bank erosion and deposition respectively at the inner and at 

the outer banks. Riverine systems in which the centreline of 

the channel exhibits a curvilinear structure while flowing 

from upstream to downstream. Rivers that grow along 

substandard rivers as independently developed rivers wander 

through their floodplains, carving landscapes and reworking 

their sediment through mechanisms of riverbank erosion and 

accretion. [1-4]. Large-scale sedimentary bedforms, called 

bars, usually develop along the inner edge of the mantle 

bends (point bars), gradually connecting the floodplain to the 

riverbed. [5-6]. 

The study of hydraulic structures such as bridges, 

embankments, and spurs structures can provide valuable 

information on their effects on morphological processes in 

natural rivers. These structures, commonly used for bank 

protection and the formation of deep navigation channels, 

can have locally complex flow patterns, reduce flow 

velocities, and also increase flood levels. Traditionally, 

embankments, and spurs formations are impermeable or 
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concrete structures, which are commonly used for navigation 

purposes to increase water depth, protect riverbanks, and 

restore natural river views. [7-9]. In addition to that these 

structures are usually generated fluid jets, leading to local 

scour downstream [10-13]. The main objective of this study 

is (i) to analyze the effect of Rapti barrage on the river 

system, and (ii) to analyze the effects of bank protection 

structures on river morphology. In this paper, we have 

summarized the results of the river morphology study with an 

emphasis on how the findings may be applied elsewhere in 

alluvial rivers i.e. Ghaghara, Sarda, Gandak, Kosi, Kamala, 

Bagmati, Ganga, Brahmaputra etc. 

2. About the Study Area 

Rapti river system extends from 26°18’00’’ to 28°33’06’’ 

North and 81°33’00’’ to 83°45’06’’ East covering an area of 

15,153 km
2
 are in India. We have been selected various river 

segments / reaches within the Rapti river system for several 

type of studies in this paper. The study aspects and locations 

are given in Table 1, and shown in the Figure 1. 

Table 1. Studied Aspects and Locations within the Rapti River System in India. 

S. No. Studied Aspects Locations within the Rapti River System 

1. 
Effect of Rapti barrage on the 

river system 

Rapti barrage (Laxmanpur barrage) is situated in Laxmanpur Kothi of Shravasti district (U.P.) on Rapti 

river at 27°51'53" N, 81°48'48" E. 

2. 
Effects of embankment structures 

on channel morphology 

For this study we have selected four morphological actives areas: (i) with no bank protection structures 

(nearby Karmohni), (ii) with partially bank protection structures (nearby Hanharpur), (iii) with one side 

bank protection structures (nearby Kakra Kalan), and (iv) with both side bank protection structures (nearby 

Bangarha Bugurg). 

3. 
Effects of spurs structures on 

channel morphology 
A series of repelling spurs (5 in total) are situated in Duhiya (Harijan Basti) village and near to the Maloni 

embankment at 26°41'31" N, 83°23'26" E. These spurs structures series are very closed to the Gorakhpur 

town (U.P.). 4. 
Development of embayment 

between spurs 

 

Figure 1. Location Map of Study Area. 
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3. Data Used and Sources 

In this study, various basic thematic layers were created from 

different source including map, field study, satellite imageries 

and secondary data. Using ArcGIS 10.7 software tools, 

several maps were prepared including slope, erosional area, 

morphologically active river bankline reaches, river 

infrastructure - embankments, spurs / studs, bridge, and 

barrages. Data used, and description of data sources are given 

in Table 2. 

Table 2. Data Used and Description of Data Sources. 

S.No. Data Layers / Maps Description of Data Sources 

1. 
Satellite remote 

sensing data 

Multi-temporal, multi-spatial, and multi-spectral satellite remote sensing data from 1975 to 2020 have been downloaded 

for entire Rapti river basin, India from U.S. Geological Survey (USGS), Earth Explorer. 

Source: http://earthexplorer.usgs.gov 

Landsat-2 MSS: 1975 

Landsat-3 MSS: 1980 

Landsat-5 TM: 1988, 1990, 1998, 2004, 2006, 2007, 2008, 2009, 2010 

Landsat-7 ETM+: 2001, 2011, 2012 

Landsat-8 OLI: 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020 

GoogleEarth Satellite Imageries© have been used for a selected river segment nearby Gorakhpur town: 2006, 2008, 

2009, 2010, 2012, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020 

2. Elevation data 

ALOS PALSAR (DEM) Data: Advanced Land Observing Satellite (ALOS) Phased Array type L-band Synthetic 

Aperture Radar (PALSAR) Digital Elevation Model (DEM) Data with 12.5 m spatial resolution 

Source: https://vertex.daac.asf.alaska.edu/ 

Acquisition Date: 02nd December 2007. 

3. Slope map 
Slope map has been prepared using Spatial Analyst Extension in ArcGIS 10.7, and ALOS PALSAR (DEM) Data with 

12.5 m spatial resolution. 

4. 

Morphologically 

active river bankline 

reaches 

River bankline of Rapti river and its 17 major tributaries have been digitized in ArcGIS 10.7 software from 1998 to 

2020. All banklines have been superimposed in one window to find the morphologically active river bankline reaches. 

5. River infrastructure 
Riverine infrastructure data such as locations and physical attributes of bridges, embanakments, spurs and studs have 

been digitized on GoogleEarth© satellite imagery. Acquisition date: 16th April 2020. 

6. Barrage details 
The details of Rapti and Banganga barrages have been taken from India-WRIS website. Source: 

http://indiawris.gov.in/wris/#/ 

 

4. Result and Discussion 

4.1. Effect of Rapti Barrage on the River 
System 

Human impacts do not directly alter the fundamental 

hydraulic and geomorphic processes such as the mechanics 

of sediment transport, erosion, and deposition along rivers. 

However, human disturbances modify the spatial distribution 

(pattern, extent, and linkage) and rate (pronounced / 

accelerated or decomposed / suppressed) of these processes, 

often leading to profound changes in river morphology, 

whether ad hoc or otherwise. Some processes and landscape 

reactions now occur more frequently in places than they did 

before human disturbance. Human modifications to the 

biophysical characteristics of river systems can be direct or 

indirect. Direct channel changes are: water storage in 

reservoirs behind dams or barrage, Water diversion schemes, 

channelization including flood control works, levee and stop-

bank construction, bed / bank stabilisation structures, etc. 

Design and construction of water development and river 

training structures without having a thorough assessment of 

river hydraulics increase risk and vulnerability. Such 

structures obstruct the flow of rivers resulting widespread 

inundation in upstream and downstream areas. Disturbance to 

water and sediment transfer impacts directly on river 

structure and function both upstream and downstream of a 

barrage. 

Rapti barrage was constructed by the Government of India 

during 1981-1985 for the purpose of providing irrigation in 

the surrounding agricultural fields. Barrage is a point-source 

form of disturbance, it makes considerable off-site effects 

because barrage change the longitudinal connectivity and 

base-level conditions of the river. The main problems in the 

study area due to annual flood inundations, bank erosion, 

high sediment load and river course shifting. Extreme flood 

events were reported in upstream and downstream of Rapti 

barrage is listed in Table 3. 

Table 3. Flood Event Years of Upstream and Downstream of Rapti Barrage (1970-2020). 

Location of flood event Flood Event Years*/# 

Nepal / Upstream of Rapti barrage - - 1984 - 1989 1998 - 2007 2017 

India / Downstream of Rapti barrage 1971 1974 - 1980 - 1998 2001 2007 2017 

*Flood event years after 1970, # Source: National Institute of Disaster Management (NIDM) 
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Figure 2. Multi-Temporal Landsat Satellite Imageries of Rapti Barrage (1975-2020). 

With reference to several studies i.e. [14-18], and institutional 

reports i.e. [19-22]. Nepalese have claimed that the Rapti 

barrage (Laxmanpur barrage) has been constructed in violation 

of international norms. Nepalese communities have 

communicated that, according to international norms the 

barrage can be constructed at 16.5 Km from Nepal border, 

while it is just about 4.5 Km from the nearest inundation point 

on Nepal. They have also blamed that the flood inundations, 

bank erosion, high sediment load and river course shifting are 

happening in Nepal due to Rapti barrage (Laxmanpur barrage). 

The inundation problem has been worsened by the 

construction of Rapti barrage (Laxmanpur barrage) and 

Kalkaluwa afflux bund (embankment) in India (due to 

obstruction of natural drains and flows from west Rapti river) 

[23]. We think, it is not a corrected statement, because Rapti 

river basin (Indian and Nepal part) is located in flood prone 

area. The following points are also support to our statement
1
. 

1) The Rapti barrage (Laxmanpur barrage) is situated 4.5 Km 

downstream of the India-Nepal border, and the 

submergence is within Indian territory. 

2) The barrage is a structure for diverting non-monsoon 

flows, it is not a storage reservoir, it allows for free 

                                                             

1 Annex 27. Press Release of the Embassy of India, Kathmandu (Nepal) on 

Laxmanpur Barrage, July 25
th

, 2000. pp. 480. 

https://link.springer.com/content/pdf/bbm%3A978-1-4020-8403-4%2F1.pdf  

passage of water during floods, there is no increase in the 

water level or inundation during such period. 

3) The pond level (full reservoir level) of the Rapti barrage is 

127.60 m amsl, while the general ground level on the 

Nepalese side is 131.00 m amsl, which is higher than the 

pond level. 

4) The barrage is not yet operational as its gates have not 

been lowered. 

An analysis was made on the morphological alterations, 

which have been taking place after the deployment of the 

barrage. We examined the river stretch, 10 km upstream and 

10 km downstream from the Rapti barrage to analyze the 

possible impact of the barrage on the river system. 

Multi-temporal Landsat satellite imageries for the years 

1975, 1980, 1988, 1990, 1998, 2001, 2004, and 2006-2020 

for the pre-monsoon periods were examined. The years 1975 

and 1980 are the pre-installation periods while the rest of the 

years (1988, 1990, 1998, 2001, 2004, 2006-2020) are the 

post-installation periods (Figure 2). 

Impact on Upstream River Morphology: In the year 1975 and 

1980 (pre-installation period), the river was running in a 

meandering pattern shifting to the right in the upstream part. 

After the deployment of the barrage, the upstream river got 
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straightened up due to the impact of the barrage as seen in the 

images of 1988 and 1990. In the subsequent years, the river 

started to take a meandering pattern again. 

Impact on Downstream River Morphology: Prior to the 

construction of the barrage, the river took a 90° turn to the 

right at about 5 km downstream from barrage. After 

deployment of the barrage, the river moved to the left, but it 

could not move further to left due to the presence of 

signification riparian vegetation and afforestation work (as 

evident from green and geometric pattern in satellite 

imageries in 1988 image). After the obstruction by the 

riparian vegetation, the river meandered in a zigzag pattern 

after passing the vegetative zone approx. about 5 Km 

downstream. In the subsequent years, the downstream river 

moved gradually away from the vegetation zone, but the 

downstream meandering continues but by 2017 the river 

became less meandering. 

The river widths of downstream and upstream from the Rapti 

barrage before and after the installation of the barrage were 

examined. The river width before the installation or 

construction of barrage is more-or-less equal in u/s and d/s. It 

has going to start disturbing when barrage work started in 

1981. It has been taken a long time (till 2006, approx. 25 

years) to re-adjust its characteristic state. After 2006, the 

balance of river width in u/s and d/s is more-or-less equal 

(Figure 3a), because the geomorphic response time after the 

displacement of river engineering works depends on the type 

of established works and the extent to which they change 

flow and stream strength, sediment supply and vegetation 

cover. It may take 20 to 100 years to attain this new 

characteristic state. 

We have also examined the sediment deport in downstream 

and upstream from the Rapti barrage, and we have found that 

the deposition of sediment is disturb from 1981 to 2005 

(approx. 25 years). In that period deposition is more in 

upstream and the reverse in downstream. We have notices 

that the sediment deposition pattern in u/s and d/s is more-or-

less equal from 1975 to 1980 (before installation of the 

barrage), and from 2006 to 2020 (Figure 3b), that is also 

support our above stated statement. 

 

 

Figure 3. (a) River Width during pre-and-post installation periods of Rapti barrage, and (b) Sediment deposit in u/s and d/s of Rapti barrage. 
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What happen when Rapti Barrage will Operational 

The construction of Rapti barrage was completed in 1986, 

but it has not been operated till date. When the Rapti 

barrage will start the operation, it will affect the river 

morphology in upstream and downstream of barrage. In 

upstream of barrage, It will reducing velocities of water, 

due to this silt and sediment will accumulate at a higher rate, 

lowering the river height and decreasing the river speed 

leading to lateral expansion of the river or widening of the 

channel (braiding of river streams), suspended silt particles 

in the river water settle down. Relatively silt and sediment 

free water will be released through the spillway have the 

energy to move sediment in downstream, causes erosion in 

downstream. This ‘hungry water’ expends its energy by 

eroding the channel bed and banks. Bed incision and river 

widening may reduce over the timeframes ranging from 20 

to over 100 years, when river will re-adjust its new 

characteristic state. 

4.2. Effects of Bank Protection Structure on 

River Morphology 

4.2.1. Embankment Structures 

Channel stabilization and bank protection works use structures 

such as embankments, groynes, spurs, dikes, paving, gabions, 

steel piles, subaqueous mattressing, and jetties to control bank 

erosion. River training works have played a significant role in 

ensuring the safety of people from floods. River training tasks 

are usually performed in response to a pre-existing problem of 

river instability and to arrest its erratic movement but may also 

have hydro-geomorphic effects. These structures alter the 

channel width and roughness components, with secondary 

implications for bed incision and subsequent sediment release, 

thereby adjusting the channel bed slope. This may cause 

aggradation of floodplain, erosion of riverbed, decrease of low 

and even mean water levels, loss of flood water conveyance 

capacity etc. As accents of embankments and artificial convex 

peak flows, they produce off-site effects in downstream reaches. 

 

Figure 4. Four Type of Morphological Actives Areas in Rapti River System. 
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Multi-temporal satellite imageries i.e. Landsat-2 MSS for 

year 1975; Landsat-3 MSS for year 1980; Landsat-5 TM for 

years 1988, 1990, and 1998; Landsat-7 ETM+ for years 

2001, 2004, 2007, and 2010; Landsat-8 OLI for years 2013, 

2015, 2017, and 2020 for the pre-monsoon periods were 

examined. 

For this study we have selected four morphological actives 

areas: (i) morphological actives area with partially bank 

protection structures, (ii) morphological actives area with no 

bank protection structures, (iii) morphological actives area 

with one side bank protection structures, and (iv) 

morphological actives area with both side bank protection 

structures. We have analyzed the erosion / deposition pattern 

and sinuosity index of these sites. 

Rapti river is morphologically active, and the river and its 

tributaries are capable of flooding and submerging the 

surrounding areas if there is no embankment. The 

embankment protects the land area by not allowing the 

bankline to cross the embankment. This was observed in 

several vulnerable areas. Here, we are demonstrating four 

type of morphological actives areas in Figure 4. 

We have observed that the embankments are blocking the 

river to meander to the left or right. But where, there is no 

embankment in left or right bank, the Rapti river is 

vulnerable to meander it to anywhere. In several other 

vulnerable area, it was observed that the embankments 

obstruct the natural meandering process and protects villages 

and agricultural fields from getting affected. There are some 

vulnerable areas, where the presence of embankments on 

both banks results in meandering of the river within the 

embankments. The embankments protect the land area 

outside the embankments from flooding and submergence as 

the river has not been able to change course beyond 

embankments. Therefore, the embankments on both sides of 

the river block the river from meandering beyond the 

embankments. 

We have generated some statistics and graphs for erosion / 

deposition pattern and sinuosity index for four type of 

morphological actives areas with (i) partially bank protection 

structures, (ii) no bank protection structures, (iii) one side 

bank protection structures, (iv) both side bank protection 

structures, and shown in Figure 5. 
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Figure 5. (a) Erosion, (b) Deposition and (c) Sinuosity Index for Four Type of Morphological Active Areas. 

We have analysed the above stated figures and found the important relationship between four types of morphological active areas. 

Table 4. Important Relationship between Four Types of Morphological Active Areas. 

S. No. Types of Morphological Active Areas / Parameters Erosion Deposition Sinuosity Index 

1 Morphological actives area with no bank protection structures High High Low 

2 Morphological actives area with partially bank protection structures Moderate High Low 

3 Morphological actives area with one side bank protection structures Low Low Moderate 

4 Morphological actives area with both side bank protection structures Low Low High 

 
With reference to Table 4, we can say that morphological 

actives areas without bank protection structures i.e. 

embankments / spurs / studs are highly active for the erosional 

and depositional process, because river is free to move 

anywhere with no interruption, and river is forming many large 

loops within two control point, that way sinuosity index is low. 

Morphological actives areas with partially bank protection 

structures are also active for erosional and depositional 

process with some interruption. Where the bank protection 

structures are situated, the river may not be moved and 

eroded bank protection structures, but upstream and 

downstream of that bank protection structure, river can be 

eroded and deposited, that way this relationship is shown 

moderate erosion and high deposition. In this case river can 

be formed moderate-to-large meandering loops within two 

control point, due to this reason sinuosity index is low. 

Morphological actives areas with one side bank protection 

structure are blocking the river to meandering in the bank 

protection structure side, but where no bank protection 

structures are situated, and it is free to move opposite side 

with no interruption. As river is totally block to one side, that 

are affecting the river morphology, and change the river flow 

and direction. In that situation erosional and depositional 

process are low, and sinuosity index is moderate. 

Morphological actives areas with both side bank protection 

structures are blocking the river to meandering it beyond the 

embankments, and river is not able to change their course 

beyond embankments. River is jacketed between two 

embankments, due to this erosional and depositional process is 

very low. As Rapti river is very morphological active river, and 

embankments cannot be stopped its activities, therefore the river 

is changing its course between two embankments. We have 

observed and due to high-water-discharge, river has changed its 

course from low-meandering to high-meandering from 1975 to 

2020, and sinuosity index is also continuously increased in that 

period. We can also state that the sinuosity index will be high in 

these types of morphological actives areas. 

We have also selected a river segment approx. 25 Km, 12 Km 

upstream and 12 Km downstream from Right-Balrampur 

embankment (Approx. 3 Km) to analyze the possible impact of 

embankment on river morphology with before and after 

embankment installation. Right Balrampur embankment is 

installed between 2004 - 2007 and situated at upstream of 

Aghenpurwa bridge in Sidharth Nagar district. The 

embankment is made by earthen material and pitching with 

boulder. The river segment has been divided in 5 equal section, 

each 5 km length. Section-A, section-B are located in u/s of 

embankment, Section-C is located where embankment is 

situated, and Section-D, Section-E are located in d/s of 

embankment. We have produced some statistics (1975 to 2004 

are the pre-installation period, 2007 to 2020 are the post 
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installation period) and graphs for erosion / deposition pattern, 

sinuosity index for these five sections, and shown in Figure 6. 

We have examined the erosion pattern of the study river 

segment and found that the erosion patterns were irregular 

before installation of embankment, Rapti river was free to 

eroding any portion of land. The river has changed his erosion 

pattern when embankment was installed in 2004-2007. In u/s of 

embankment (i.e. Section-A, Section-B) the erosion process has 

reduced, but not much affected. Therefore, we can say any bank 

protection structure has disturbed the river morphology in u/s, 

but it is not always truth. If we see the Section-C where 

embankment has situated, the erosion pattern has totally 

changed, and It has two-times reduced after the embankment 

installation, because embankment has blocked the river for 

meandering, consequently less erosion. Section-D, Section-E (i.e. 

d/s of embankment) were also presenting the same pattern as u/s 

sections, but d/s river is much affected in comparision to u/s, 

because embankment has changed the river flow / direction, and 

forced to river to form moderate-to-large meandering loops. 

When we examined the deposition pattern of the study river 

segment, we have observed notable decreasing in deposition 

pattern after the installation of embankment. The decreasing 

in Section-C was too much. Embankment has affected the 

deposition pattern in d/s, but no notable change in u/s. It 

means, when Embankment is installed, this will increase the 

erosion process in downstream. 

We have also observed the significance changes in sinuosity 

index after installation of embankment. The sinuosity index 

has increased in u/s of embankment as well as Section-D, but 

in Section-C and Section-E the sinuosity index has more-or-

less stable after installation of embankment. As embankment 

is situated in Section-C, and river in this section is more-or-

less straight, consequently the sinuosity index is near to 1.0. 

In Section-A, Section-B and Section-D the sinuosity index is 

increasing, because after embankment has changed the water 

flow and direction, and due to complex geomorphic process, 

it has formed moderate-to-large meandering loops in very 

short of distance i.e. valley length. 
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Figure 6. (a) Erosion, (b) Deposition and (c) Sinuosity Index for study of Impact of Embankment on River Morphology. 

4.2.2. Spurs Structures 

Spurs are structures that are constructed at an angle pointing 

at the flow of the river in the direction of normal flow or up 

or down. Spurs serve these main functions: 

1) On directing or deflection on the axis of flow, train the 

river along the desired course to reduce the 

concentration of flow at the point of attack. 

2) Create a sluggish flow zone for the purpose of calming 

the area around the riverbank. 

3) Protect an eroding bank by keeping the flow away from it 

4) Promote sediment deposition, where desired. 

5) Trap bed load to build up new riverbanks. 

We have collected a list of spurs with location and length of 

Rapti river system from FMISC, Irrigation and Water 

Resources Department, Uttar Pradesh. According to list these 

has total 187 spurs are available in Rapti river system, for 163 

structures, the length is less than 90 m (i.e. three-pixel length 

of Landsat-8 satellite imagery), which makes it difficult to 

identify these spurs on Landsat-8 satellite imagery. When we 

overlaid these structures on GoogleEarth, 32 spurs structures 

are not visible above water surface, or these structures might 

have been washed away by flow. So, we have decided to use 

GoogleEarth satellite imagery for this analysis, but 

GoogleEarth satellite imagery is also not available for 

continuous years from 2006 to 2020 for sites. We have selected 

a critical site namely Duhiya (Harijan Basti), which was close 

to the Gorakhpur town, and where the maximum no of 

GoogleEarth satellite imageries were available. The 

availability of dataset of that site is shown in Figure 7. 

 

Figure 7. Availability of GoogleEarth Datasets for Study of Effects of Spurs Structure on River Morphology. 
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A series of repelling spurs (5 in total) were constructed 

within 300 meter between April-2008 and March-2009 which 

are situated near to the Maloni embankment. These spurs 

structures were established with the aim of changing the flow 

direction, inducing depression and / or reducing the flow 

velocity along the river. For this study we have selected 2.1 

Km river segment, 900m u/s and 900m d/s of spurs series and 

divided the river segment in 7 equal sections for erosion / 

deposition analysis (Figure 8). 

 

Figure 8. Location of a Series of Repelling Spurs. 

We have generated some statistics and graphs for erosion and deposition of right and left bankline for all 7 sections and shown 

in Figure 9. 
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Figure 9. Erosion and Deposition Pattern on (a) Right Bankline and (b) Left Bankline. 

A detailed observation of erosion / deposition pattern has been 

done from 2005 to 2020 of all 7 sections, and we have noticed 

that deposition is predominant in Section-A, B on right 

bankline (u/s of spurs), and Section-F, G on left bankline (d/s 

of spurs), while erosion is predominant in Section-E, F on right 

bankline (d/s of spurs). Before installation of a series of 

repelling spurs (2008) the graphs of erosion / deposition have 

not shown any clear picture, they are showing zigzag pattern. 

After installation of spurs, the erosion is very less in Section-

D, consequently Section-E, F, G specially on left bankline, 

where spurs have been installed, because the immediate result 

of these spurs is that the forces responsible for flow dynamics 

and bank erosion are moved away from the bank, greatly 

reducing, or eliminating the erosion potential. We have also 

observed that the maximum deposition when spurs are 

arranged in an ascending order is higher than in the reverse 

direction. On right bankline erosion is moderate in Section-D, 

while erosion is more predominant is Section-E, F and then 

Section-G, because after moving of water flow from left 

bankline, it was directly hit to right bankline, hence erosion 

process was more predominant, as well as river is also very 

narrow (40 to 50m) is Section-D. 

 

Figure 10. Embayment Formation between Spurs. 
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4.3. Development of Embayment Between 

Spurs 

Spurs are often constructed in series to maximize their 

benefits. In the arrangement of a series of spur bikes, in 

addition to the local effects of an individual spur dyke, two 

successive spur dykes are formed between them. They have 

considerable consequences not only inside the embankment 

areas, but also on the flow and sediment transport in the main 

river. In general, the area of the spur bike lacks a velocity field 

and accordingly sediment deposition occurs between the spur 

dikes. Spur dikes are an indirect method of bank protection, 

with the help of which direction can be protected away from 

the bank or by the lack of current flow. This function of the 

spur bike, to provide better protection against river erosion, 

was traditionally chosen as the main objective of 

manufacturing the spur dike. Definition of the parameters used 

to explain the embayment development is shown in Figure 10. 

GoogleEarth satellite imageries from 2005 to 2020 have been 

used for analysis of a series of repelling spurs (5 in total), 

which are situated at Duhiya (Harijan Basti) village, nearby 

Gorakhpur town. These spurs are installed between 2008 and 

2009, so, we have three years-time-series data before 

installation of spurs, and 9 years-time-series data after 

installation of spurs. By using these time-series data, we have 

analyzed the erosion / deposition pattern between spurs, 

length of river segment between spurs, and bankline 

migration rate. We have divided that spurs series in six 

sections namely A, B, C, D, E, F. Section-A is a critical 

placed, where first spur is situated, and water flow is directly 

hit to that spur. For these six sections, we have generated 

some statistics and graphs for erosion / deposition pattern and 

shown in Figure 11. 

 

 

Figure 11. (a) Erosion, Deposition Pattern, and (b) Bankline Movement nearby the Spurs Series. 
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In Figure 11 (a) it is clearly visible that in Section-A, the 

erosion process is very high, and deposition process is low 

over the years. Before the construction of the spur in 2008-

2009, the site where the spurs were built shows a tendency of 

excessive erosion. This phenomenon has been changed after 

the creation of Spurs. A detailed analysis has been done for 

bankline migration and found that before construction of the 

spurs the orthogonal distance of the bankline from the 

location of the spur-1 was being eroded at 13.73 m/year and 

after the installation of the spur-1 this phenomenon turns into 

reverse at a rate of 4.71 m/year which has been noted by 

analysing of 12 years GoogleEarth images (2005-2020). 

After construction of the spurs the rate of bankline migration 

has been decreased, but from frequent analysis of last few 

years GoogleEarth images (2015-2020) it had been found 

that the river bank was being rapidly eroded towards the 

embankment especially nearby spur-1. The historical trend of 

all 5 spurs are demonstrates a clear observation that river is 

shifting its course towards the embankment and being eroded 

the bankline at approx. 5.13 m/year (Figure 11 (b). 

After the installation of the spurs, the embayments have 

developed between spur-1, spur-2, spur-3, spur-4, and spur-5. 

In consecutive years of 2010 and 2012, this embayment was 

being sharpened. After the installation of spurs sedimentation 

has been increased between the spurs. This morphological 

change over the years can sometimes be so sudden that the 

old curriculum changes to a completely new curriculum. The 

massive sediment flow of this river increases this 

phenomenon. The Historical GoogleEarth image analysis 

suggests that this erosion and bankline migration processes 

have changed since the creation of bank security structures 

over the previous unprotected course. We have observed that 

before installation of the spur structures during 2005-2009 

the average bankline migration rate is 13.51 m/year, this 

scenario changed to 4.22 m/year after the installation of the 

spurs structure during 2010-2020. 

5. Conclusion 

In this paper, remote sensing and GIS techniques have been 

used intensively. The free Landsat series satellite imageries 

from 1972 to 2020 provided by USGS is now used all over the 

world. With this type of satellite imagery, we can generate and 

analyze the time series data of the last 50 years. We have been 

selected various river segments / reaches within the Rapti river 

system for several type of studies i.e. effect of Rapti barrage on 

the river system, effects of bank protection structures 

(embankment, spurs, studs) on river morphology, and 

development of embayment between spurs in this paper using 

Landsat satellite imagery from 1975 to 2020. 

We have examined the river widths and sediment deport of d/s 

and u/s from the Rapti barrage before and after the installation 

of the barrage. The river width before the installation or 

construction of barrage is more-or-less equal in u/s and d/s. It 

has going to start disturbing when barrage work started in 1981. 

It has been taken a long time (till 2006, approx. 25 years) to re-

adjust its characteristic state. After 2006, the balance of river 

width in u/s and d/s is more-or-less equal, because the 

geomorphic response time after the displacement of river 

engineering works depends on the type of established works 

and the extent to which they change flow and stream strength, 

sediment supply and vegetation cover. It may take 20 to 100 

years to attain this new characteristic state. For study of effects 

of bank protection structure on channel morphology, we have 

studied 4 morphological actives areas with: no bank protection 

structures, partially bank protection structures, one side bank 

protection structures, both side bank protection structures and 

established important relationship between four types of 

morphological active areas. This study can be clearly identified 

those places, where work is most needed for flood protection 

work. Therefore, it can be said that this study is very effective 

for best use of budget allocation for river training work / flood 

protection works. 
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