
Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025,      

Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh 

1821 

Paper ID: 728 

A Study on The Assessment of Effectiveness of Groynes on The Right 

Bank of Jamuna River Using Multitemporal Satellite Images 

 

Ronjan Kumar Paul1, Arpa Paul2 
 

1Department of Water Resources Engineering, CUET, Bangladesh (ronjan@cuet.ac.bd) 
2Department of Building Engineering and Construction Management, KUET, Bangladesh (arpapaul29@gmail.com) 

 

Abstract 
 

Bangladesh's Jamuna River, a deltaic tract at the confluence of the Ganges-Brahmaputra-Meghna basin, is the 

Brahmaputra River's downstream reach. Extremely high rates and fluctuations of water flow and sediment 

transport lead to erosion-accretion, channel displacement and bar formation. The bed and bank materials of the 

river offer little resistance to the erosive forces generated by the river's flow. The annual rate of riverbank erosion 

is extremely high, at several thousand hectares per year, causing millions of people to endure each year. With its 

limited resources, the Bangladesh Water Development Board (BWDB) has been attempting to safeguard the 

riverbank using various bank protection structures to reduce the suffering of the people, minimize national 

losses, and provide a sustainable economic solution. This paper evaluates the efficacy of Groynes built along the 

right banks of the Jamuna River in preventing river bank erosion. In this paper, Landsat images were used to 

identify groynes. Then the images were proceeded through band classified and composited in GIS followed by 

bankline digitization. After that erosion-accretion rate were calculated using DSAS toolbar. Total 7 groynes were 

selected on the right bank of Jamuna River with banklines ranging from years 1995 to 2020. It was found that for 

both Betil and Enayetpur Groyne, maximum erosion rate has reduced with an increase in accretion rate from 

before to after groyne construction making them effective. Opposite pattern found in Hasnapara, Kalitola, 

Meghai groyne. Erosion rate has reduced but at the same time accretion rate is reduced also making them 

ineffective.  
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1. Introduction 
 

Bangladesh is classified as a deltaic tract at the junction of the Ganges-Brahmaputra-Meghna basin, which is the 

downstream stretch of the Brahmaputra River. Bangladesh represents the lowermost riparian nation, comprising 

7% of the GBM basin area. The huge river system provides the country with innumerable resources. The main 

problems relating to rivers in our country are salinity intrusion, severe sedimentation leading to navigability 

disturbance, and subsequent flooding. The Brahmaputra-Jamuna River runs through Assam and into the huge 

Bangladesh drainage basin, which is made up of alluvial deposits mostly of silt, sand, and clay. In Bangladesh, 

the Brahmaputra River, also known as Lower Brahmaputra River or Jamuna River, creates a massive unstable 

braided river with two, up to ten parallel channels (Klaassen & Vermeer, 1988) and a particula hierarchy 

regarding their size (Bristow, 1987) and highly high suspended sediment transit during monsoon floods, 

described by numerous authors and in feedback of the River Survey Project, total 24 project of the Bangladesh 

Flood Action Plan (FAP) coordinated by the World Bank (FAP24). Until the 1930s, the Lower Brahmaputra-

Jamuna River followed its natural flow, free of river training infrastructure and bank stabilization measures. 

times of flow attack and bank erosion are followed by times of accretion along the riverbank as a result of the 

braiding channel system's overall development and the dynamic growth and erosion of chars in the braiding belt. 

To reduce this several bank protection structures are constructed. River erosion and accumulation, frequent 

floods, and the inevitable adaptation of society to the hydraulic regime and its bio-resources from beginning to 

end all demonstrate a great capability for survival and adaptation to new situations. The erosion and shifting of 

river courses, loss of land, especially along the Jamuna have long been recognized as a natural problem that 

affects a sizable population (Elahi K, 1991) in Bangladesh. The secondary current in a bend of a third order 

channel of braided river is similar to that of the single thread meandering channel. The influence of secondary 

currents on flow and sediment dynamics causes meander shifting through river bank erosion and bar formation in 

typical meandering rivers (Nazim Uddin, 2010). The bank material characteristic along the Jamuna River is fine 

sand and almost uniform with respect to flow resistance (FAP1, 1993). The river's overall breadth is rising, and it 

is migrating westward, particularly in the upstream region of the Jamuna (Aktaruzzaman, 2010; Brammer, 2010). 

To address the aforementioned issue, the BWDB (Bangladesh Water Development Board) has historically 

erected a variety of river bank protection structures such as embankments, spurs, revetments, groins, and 

hardpoints etc (Ali, 2009). Integrated river basin supervision is an essential component of every project. River 
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bank erosion and preventive measures are critical for sustainable river management. Protective measures may 

vary depending on river characteristics, social attitudes, and the knowledge and practices of the executing 

agency. The pattern and severity of riverbank erosion are largely determined by the river's hydromorphological 

properties. Bangladesh comprises a significant portion of the Bengal Delta. Except for a few areas such as the 

Chittagong Hill Tracts, Barind Tracts, Lalmai Hills, Madhupur Tracts and all of Bangladesh's plain land is made 

up of recent sediment, which is prone to erosion due to its characteristics. River training and erosion prevention 

are extremely expensive, particularly along the Ganges and Jamuna rivers. River training been conducted in 

several river since the 1960s. For example, to direct the flow into a single deeper channel for navigation, or to 

control bank erosion to protect cities, homes, or valuable lands. Bandalling is used for navigation, while groynes, 

revetment works, hardpoints, guide banks, spurs and secondary channel closures are used to protect banks from 

erosion. The majority of erosion control projects were either solid spurs or revetment works to preserve 

significant Jamuna River places such as Kazipur, Kamarjani, Sariakandi, Fulchari, and Sirajgonj. River training 

has been employed in many sites along the Ganges River, including Godagari, Pabna, Panka Narayanpur, 

Rajshahi, Sarda, Pakshey, and others on the left bank. Following the catastrophic flood of 1988, RSP (river 

survey project) FAP21 and FAP22 (Rahman et al., 2013) studied river bank erosion problems of the major rivers 

of Bangladesh. . FAP21 identified essential river training location along the right side of the Jamuna River 

(Khan, 2015). From 1996 to 1998, several unique protection measures were implemented Sariakandi and 

Mathurapara hardpoint, Sirajgonj hardpoint and strengthening of Kalitola groyne engaging foreign consultants 

and contractors with World Bank Loan. Following that, foreign consultants and contractors construct the 

Bhuapur Hardpoint and Jamuna Bridge guiding banks. These particular river training projects were extremely 

expensive in comparison to the protection undertaken by BWDB (Mosselman, 2006) itself. Despite the Jamuna 

River protecting the banks works, BWDB has done extensive erosion control work across the country with 

revetment, solid or permeable spurs, porcupines along the Padma, Ganges, upper and lower Meghna, Gumti, 

Kushiyara, Dudkumar, Teesta, Surma, Dharla, Mohanada, Atrai, and many other rivers. The purpose of this 

study is to analyze the planform alteration (Erosion and Accretion) caused by the construction of groynes along 

the Jamuna River's bank, as well as the purpose of installing groynes and their effectiveness over time. 
 

2. Study Area 
 

From the Landsat Satellite images and Google Earth Pro, 7 Groynes have been selected. All these groynes are 

located in the right bank of Jamuna River. The Name, lattitude, Longitude, Type, Length, Construction Period 

are shown below in table. The Groynes below are shown in table 1 Jamuna river upstream to downstream. 

 

Table 1: Summarizing the Groynes 

Name Lattitude Longitude Type Length(m) Construction Period 

Hasnapara Spur 1 24.940635° 89.569345° RCC,Attracting 150 2001-2002 

Hasnapara Spur 2 24.933436° 89.572253° RCC,Deflecting 150 2001-2002 

Kalitola 24.892051° 89.579807° RCC,Attracting 160 1997-1998 

Meghai Spur 2 24.663545° 89.657624° RCC,Attracting 155 1999-2000 

Meghai Spur 3 24.652928° 89.664765° RCC,Attracting 150 1999-2000 

Betil Spur 24.252391° 89.708547° RCC,Attracting 500 2000-2002 

Enayetpur Spur 24.229424° 89.713046° RCC,Deflecting 600 2000-2002 

 

 

 
 

3. Data Collection and Methodology 

 

Methodology is shown in a flow chart below in figure 1. Landsat images from USGS over a 26-year period, 

ranging from 1995 to 2021 was collected. Landsat 5,7 and 8 satellite images were used here and specially taking 

into account the use of most recent satellite images in the month of November to February in each year. 
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Figure 1. Methodological flow chart 
 

4. Results 

 

Over the years a lot of Groynes are constructed at the right bank of Jamuna river. The characteristics of groyne is 

to deposit the incoming longshore sediment in its upstream and erosion, scour at its downstream. There are 9 

groynes are analyzed here. The satellite image ranging 5 years before construction of groynes and 5 years 

interval of after construction of groynes are taken for analysis. Whether the groynes are effective or not and the 

erosional and depositional pattern are analyzed here with the help of EPR. 

 

4.1 Betil & Enayetpur Groyne 

 

The Betil and Enayetpur groyne are located at the right bank of Jamuna river. The latitude of these 2 groynes are 

respectively 24.252391°,24.229424° and longitude are respectively 89.708547°,89. 713046°.The length of Betil 

groyne is approximately 500 m and Enayetpur groyne is approximately 600m. End Point Rate (EPR) in DSAS 

(Digital Shoreline Analysis System) is a metric used to quantify the rate of shoreline change at specific endpoints 

of a shoreline segment. It measures the average rate of shoreline movement over a given time period at the 

endpoint locations. It basically gives the Erosion and Accretion rate. EPR of Betil and Enayetpur groyne are 

shown in figure 2. (a,b,c,d). For Betil groyne, the maximum value erosion before construction of groyne is 24.61 

m/yr is the most negative rate which is higher than the maximum value erosion 0 m/yr in case of after 

construction of groyne. Although the maximum erosion rate is technically the lowest number, it is the one that 

deviates the most from zero in terms of bankline change rates, showing the highest rate of erosion in the case of 

pre-groyne construction. The maximum value accretion after construction of groyne is 52.2 m/yr is the most 

positive rate which is higher than the maximum value accretion of 3.06 m/yr in case of before construction of 

groyne.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a, c) EPR before and 2. (b, d) EPR after construction of Betil and Enayetpur Groyne 

 

In terms of shoreline change rates, this number is the farthest positive value from zero, indicating the largest rate 

of accretion following groyne building, even though technically the maximum accretion rate is also the smallest 

number. In case of Enayetpur groyne, the maximum value erosion before construction of groyne is 67.81 m/yr is 

the most negative rate which is higher than the maximum value erosion 2.73 m/yr in case of after construction of 

groyne. Although the maximum erosion rate is technically the lowest number, it is the one that deviates the most 

from zero in terms of bankline change rates, showing the highest rate of erosion in the case of pre-groyne 

construction. The maximum value accretion after construction of groyne is 49.15 m/yr is the most positive rate 

a b c d
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which is higher than the maximum value accretion of 31.25 m/yr in case of before construction of groyne. In 

terms of shoreline change rates, this number is the farthest positive value from zero, indicating the largest rate of 

accretion following groyne building, even though technically the maximum accretion rate is also the smallest 

number. 

 

4.2 Meghai Spur 2,3 

 

The Meghai Spur 2, Meghai Spur 3 are located at the right bank of Jamuna River. The latitude of these 2 groynes 

are respectively 24.663545°, 24.652928° and longitude are respectively 89.657624°, 89.664765°. The length of 

these groynes is respectively approximately 155m,150m. The maximum value erosion after construction of 

groyne is 301.77 m/yr is the most negative rate which is lower than the maximum value erosion 374.8 m/yr in 

case of before construction of groyne. The maximum value accretion after construction of groyne is 14.69 m/yr 

is the most positive rate which is lower than the maximum value accretion of 202.85 m/yr in case of before 

construction of groyne. The EPR of before and after construction of groynes are show in figure 3.(a, b). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. (a) EPR before and (b) EPR after construction of Meghai Groyne 

 

4.3 Kalitola Groyne 

 

The Kalitola groyne is located at the right bank of Jamuna river.The latitude of this groyne is  24.892051° and 

longitude is  89.579807°.The length of this groyne is approximately 160m.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 4. (a) EPR before and (b) EPR after construction of Kalitola Groyne 

 

Here the maximum value erosion after construction of groyne is 19.78 m/yr is the most negative rate which is 

higher than the maximum value erosion 16.05 m/yr in case of before construction of groyne. The maximum 

value accretion after construction of groyne is 53.42 m/yr is the most positive rate which is lower than the 

maximum value accretion of 164.4 m/yr in case of before construction of groyne. End Point Rate map near 

Kalitola Groyne before and after construction are shown in figure 4. (a, b) 

a b 

a b 
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4.4 Hasnapara Spur 1,2 

 

The Hasnapara Spur 1,2 are located at the right bank of Jamuna river. The latitude of these 2 groynes are 

respectively 24.940635°, 24.933436°and longitude are respectively 89.569345°, 89. 572253°.The length of these 

two groynes are approximately 150 m. Here the maximum value erosion after construction of groyne is 189.91 

m/yr is the most negative rate which is higher than the maximum value erosion 185.18 m/yr in case of before 

construction of groyne. Here the maximum value accretion after construction of groyne is 249.36 m/yr is the 

most positive rate which is lower than the maximum value accretion of 303.9 m/yr in case of before construction 

of groyne. End Point Rate of before and after construction of Hasnapara Spur shown in figure 5. (a, b). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure: 5. (a) EPR before and (b) EPR after construction of Hasnapara Groyne 1,2 

 

5 Conclusion and Recommendation 

A groyne is a type of shore protection structure that is constructed over the beach and into the shoreface, which is 

the space between the inner continental shelf and the nearshore region, perpendicular to the coast (or river) 

shoreline.  It seeks to trap sediments and lessen longshore drift. Erosion and Accretion are common phenomena 

experienced by groyne and is used for river bank protection structure. The maximum Erosion rate is 374.8 m/yr 

for the Meghai Groyne 2,3 for before construction of groyne is the futhtest negative value from zero leading to 

greatest rate of erosion. Maximum Accretion rate is 303.9 m/yr for the Hasnapara Groyne 1,2 for before 

construction of groyne is the furthest positive value from zero leading to greatest rate of accretion. In case of 

Betil Groyne the accretion rate increases with a decreasing pattern of erosion rate from the time of before 

construction of groyne to after construction making it effective. Similar pattern was found for Enayetpur Groyne 

making it effective also. In case of Kalitola groyne, Erosion,Accretion rate is low. To find the effectiveness of 

Groynes near it’s upstream and downstream, NDVI classification from LULC can be conducted and then find the 

erosional and accretional pattern which is not covered in this study. As Groyne’s basic purpose is to reduce the 

longshore sediment movement by accretion in its upstream, depends on the amount of flow coming towards the 

Groyne, which can be analyzed by using Discharge and Water Level data in Hydrodynamic Model.   
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