EVALUATION OF ENVIRONMENTAL IMPACTS OF

GORAI RIVER DREDGING
By
SHUNIL KUMAR
STUDENT ID: 1014042108

A thesis submitted to Department of Civil Engineering, Bangladesh University of
Engineering and Technology, Dhaka in partial fulfillment of the requirements for the

Degree of

MASTER OF SCIENCE IN CIVIL ENGINEERING (ENVIRONMENTAL)

DEPARTMENT OF CIVIL ENGINEERING
BANGLADESH UNIVERSITY OF ENGINEERING AND TECHNOLOGY
September, 2022



CERTIFICATION
The thesis titled “EVALUATION OF ENVIRONMENTAL IMPACTS OF
GORAI RIVER DREDGING”, submitted by SHUNIL KUMAR, Roll No.:
1014042108, Session: October 2014, has been accepted as satisfactory in partial
fulfillment of the requirement for the degree of Master of Science in Civil

Engineering (Environmental) on 26" September, 2022.
BOARD OF EXAMINERS
W

Dr. Md. Mafizur Rahman Chairman
(Supervisor)

Professor
Department of Civil Engineering

Bangladesh University of Engineering and Technology

M\

Dr. Md. Delwar Hossain Member
(Ex- officio)

Professor and Head of the Dept.

Department of Civil Engineering

Bangladesh University of Engineering and Technology

Dr. Tanvir Ahmed Member

Professor

Department of Civil Engineering

Bangladesh University of Engineering and Technology

Dr. Afzal Ahmed Member

(External)

Professor
Department of Civil Engineering

United International University, Dhaka

ii



CANDIDATE’S DECLARATION

It is hereby declared that this studies embodied in this thesis are the results of
experiments carried out by the author under the supervision of Dr. Md. Mafizur
Rahman, Professor, Department of Civil Engineering, BUET except where specified
by reference to other works. Neither the thesis nor any part of it has been submitted

elsewhere for any other purposes.

S

SHUNIL KUMAR
Roll: 1014042108
September, 2022

iii



DEDICATED

To
My beloved parents and teachers



Acknowledgement

At first, | wish to express my gratitude and sincere thanks to my supervisor Dr. Md.
Mafizur Rahman, Professor, Department of Civil Engineering, BUET, Dhaka for his
constant support, careful supervision and guidance, keen interest, valuable criticism,
active co-operation, advice, suggestion and un-interrupted encouragement to carry

out this research work.

I am extremely indebted to my respectable colleague Superintending Engineer, MD.
Enamul Islam, System Analyst, MD. Mushfiqur Rahman and Programmer, Taposi
from Bangladesh Water Development Board for their wholehearted and continuous

assistance, encouragement and guidance in carrying out this research work.

Sincere thanks towards Superintending Engineer, MD. Abdul Hamid, Executive
Engineer, MD. Afsar Uddin and Sub-Divisional Engineer Apurba Kumar Das; from
Kushtia. O & M Circle and Kushtia O & M Division, Bangladesh Water
Development Board, Kushtia for their kind support throughout the course of this

study.

I am indebted to my family and friends for their support and encouragements.
Special thanks to my friends Md. Saddam Hossain his endless support and

constant inspirations helped me to stay in focus.

I would also like to take this opportunity to thank all officers and staffs of
Department of Civil Engineering, BUET for lending their helping hand whenever
seemed necessary. Without their valuable support, advice and guidance this research

work would not have been so propitious.

The author thankfully acknowledges the financial support provided by the
Committee for Advanced Studies and Research (CASR), BUET.

Above all, I am thankful to the Almighty God for His unbound blessings in my life.



Abstract

One of the major activities of Gorai River Restoration Project-11 was dredging the
river for a reach of 30 km. The main objective of this research was to analyze the
impacts the project on salinity, surface and ground water level, irrigation, crop
productivity, fish productivity, navigation, cost of river transport and rural
employment. Long- and short-term impacts of the project were assessed. In order to
achieve this goal, questionnaire survey was conducted in Kushtia district. About 350
respondents were selected from three upazillas (Kushtia, Kumarkhali and Khoksha)
using a simple random sampling technique. A conceptual framework was developed,
and data were analyzed using evaluation values of Important Environmental
Components (IECs) and prepare impact matrix.

This study found that, 99% of respondents replied that there is no salinity in Gorai
River after dredging. As per questionnaire survey, availability of surface water
during dry season has increased as stated by respondents (86%). Average water level
in Gorai River of Phase-11 is 4.48 m which is more than the average water level (4.36
m) of Phase-Ill. So, the availability of surface water in Gorai River is increased.
Availability of water in the tube well in dry season has increased as stated by
respondents (91%).

The quality of irrigation water is very much dependent on the source. It was also
found that, during dredging about 2% of respondents use water using Low Lift
Pumps (LLP) from Gorai River but after dredging about 15% of respondents use
water through LLP from Gorai River. On the other hand, dependency of irrigation
water from other sources is reduced from 82% to 70%. From questionnaire survey,
farmers adjoining the Gorai River were observed to be converted from 1 crop to 2 or
more crops production per year. In 2021, 93.0% of the farmers have stated that
volume of production of crops increased (compared to 91% in 2013). In 2021, 52%
of the fisherman stated that the volume of fish production increased (compared to
30% in 2013). During dredging about 88% (2013) of Boatman reported reduced
flow in Gorai River during dry season but after dredging about 68% (2021) of
Boatman reported the same. Compared to 22% in 2013, 32.0% (2021) of the
boatman felt that navigability during dry season increased slightly due to dredging.

However, the water flow in Gorai River depends not only on dredging but also rain
and extent of water flow from India during dry season. Rural employment scenario
changed after dredging. In 2021, Rural employment of Farmer 57% (43% in
2013), Fisherman 52% (50% in 2013) and Boatman 36% (34% in 2013) has
increased in the project area.

Vi
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CHAPTER 1
INTRODUCTION

1.1  General

Bangladesh is a riverine country. Many small and big rivers are intertwined in this
country. Bangladesh is called a land of rivers as it has about 700 rivers including
tributaries (BWDB, 2011). River and Drainage System the rivers of Bangladesh are
very extensive and distinguish both the physiographic of the country and the life of

the people.

Bangladesh is in the Delta of the three great rivers, the Ganges, the Brahmaputra and
the Meghna. The Ganges Dependent Area (GDA) in the south-western region of
Bangladesh constitutes about 37 percent of the total area of the country. About one
third of the population of the country lives in this area. The Ganges is the only source

of fresh water for a vast area of this region (BWDB, 2012).

In 1975, India commissioned a barrage across the Ganges at Farakka in West Bengal
to divert 40000cusec of water into Bhagirathi-Hoogli River to improve the
navigability of Calcutta Port. This has decreased considerably the discharge of
Ganges and Gorai in Bangladesh part. As effect of this, the off take of Gorai used to
be silted up in lean period and water from Ganges to Gorai cannot flow due to this
blockade. As a result, freshwater flow through Gorai-Rupsha-Passur River System
gradually decreases and upward intrusion of saline water from Bay of Bengal
increases due to tidal effect (Talukder, 2014).

This affected seriously agriculture, fisheries, forestry, navigation, domestic water
supply and industrial development in the Ganges Dependent Area within
Bangladesh. The world’s largest mangrove forest, the Sundarbans is on the verge of
extinction because of high salinity levels in the rivers and channels surrounding the
Sundarbans during the dry season. One detailed feasibility study was carried out by
DHV-Haskoning and Associates in 2001 and the Project named Gorai River
Restoration Project, Phase-11 was taken up in 2009 (Talukder, 2014).



1.2 Background and Present State of the Problem:

Gorai River is the right bank principal distributaries of the Ganges River, the main
source of fresh water from Ganges to the south-west region of Bangladesh (Islam,
and Gnauck, 2011). Owing to the reduction of upstream water flow Gorai has been
facing very low flow in the dry period which was causing siltation at its bed
throughout the length (Talbaria to Khoksha). The rate of siltation here was so high
that the off-take of the river was used to be completely silted up, blocked and
discontinued its flow from the Ganges at Talbaria under Kushtia district. This
incident of blockade at the off-take and discontinuation of water from Ganges to
Gorai was causing serious threat to the environmental degradation and salinity
intrusion from the south (Khanam, and Navera, 2016). With a view to minimizing
this, the river Gorai was dredged during 2009 to 2017 by BWDB to improve the
fresh water supply through it towards south. In this study work, the salinity and
environmental parameters will be investigated on the basis on dredging of the river
Gorai. It is hoped that this study will help the river regulation authority (BWDB,
BIWTA, WARPO etc.) to undertake appropriate future developments projects for the
river restoration (Talukder, 2014).

The study is carried out based on primary and secondary data sources. The objective
of this study is to investigate the shortage of fresh water in the Ganges Gorai basins
and their negative impacts on socio-economy and mangrove wetland ecosystems in

the Sundarbans in Bangladesh (Islam, and Gnauck, 2011).

1.3 Objectives of the Study
Objectives: The specific objectives of this study are:

1. To analyze the impacts of following parameters for dredging: salinity, surface
and ground water level, irrigation, crop productivity, fish productivity,
navigation, cost of river transport and rural employment in the surroundings
of Gorai River.

2. To analyze long term and short-term impacts of the Gorai River Restoration

Project-11.



1.4 Outline of Methodology

Outline of Methodology of this research is given below:

Study Area Selection

A

l Data Collection

Primary Data Collection

A 4

Secondary Data Collection

\ 4

IMED Evaluation Report

Sample Size Calculation

l

Questionnaires Survey —l

Officials related

to the project.

A 4

Beneficiaries (farmers, fishermen,

boatmen and sand traders)

A

y

A

y

Hydrological data
collection (about 12 years)
from BWDB

\ 4

Dredging Related
Report collection

Data Analysis

Result & Discussion

Figure 1.1: Outline of Methodology



The following steps have been taken for research (Figure 1.1):
v"In this work Gorai River system throughout the length (Talbaria to Khoksha)
and its surroundings has been selected for study area, where off-take is
located at the Talbaria and downstream boundary is located at the Khoksha.
At Talbaria, Mongol baria, Gorai Railway Bridge, Kumarkhali groyne and
Khoksha has been selected for data collection.

v The salinity, surface and ground water level, irrigation, crop productivity, fish
productivity, navigation, cost of river transport, and rural employment
information has been collected from the beneficiaries through questionnaires

in the surroundings of Gorai River.

v Two sets of questionnaires- one for the beneficiaries such as farmers,
fishermen, boatmen and sand traders, and another for the offices related to the
project has been collected information through questionnaires. The
questionnaire has been prepared in such a way that the views of the

beneficiaries and the officials are elicited.
v Analyze long-term and short-term impacts of the projects as follows:

= Field visits and environmental survey,

= Collected data from questionnaires,

= Implementation Monitoring & Evaluation Division (IMED) 2014
evaluation report, various river dredging related report or paper
has been collected to analyze the long term & short-term impacts

of Gorai River dredging.

1.5 Organization of the Thesis
This thesis represents the analysis, results and findings of the present study. The
thesis has been organized into five chapters and a list of mentioned references in the

report.



Chapter 1: Introduction
This chapter contains a general introduction followed by a background statement of
the problems, aims and objectives, the outline of the research methodology and

finally the thesis organization.

Chapter 2: Literature Review

Introduces a brief review of river dredging, history of dredging, including a short
description of dredging, dredging applications, impacts of dredging, advantage of
dredging, dredging related national legislations, analyze of impacts, identification of
important environmental components (IECs), evaluation of environmental impacts of
study area, description of Gorai River restoration project, Gorai River morphology
and hydrology and importance to Sundarbans. It also summaries the previous works

that were done regarding the environmental impacts of dredging.

Chapter 3: Methodology
This chapter provides a description of the methods adopted in this study.

Chapter 4: Results and Discussion
This chapter presents the analyze, result and discussion, to analyze the questionnaire
survey data, primary, secondary data and project related data and evaluate

environmental impacts of Gorai River surrounding in this chapter.

Chapter 5: Conclusion and Recommendations

The conclusion and recommendations of this study are presented in this chapter,
where overall findings, limitations and directions for future work have been
discussed. Also, some recommendations for future research are presented in chapter

5. All raw data used in this research are attached to this report in an annexure section.



CHAPTER 2
LITERATURE REVIEW

2.1 Introduction

The pride of Bangladesh is its rivers with one of the largest networks in the world
with a total number of about 700 rivers including tributaries, which have a total
length of about 24,140 km. Today, about only 6000 km can be used safely. In dry
season it shrinks to about 3800 km, (Azhar, 2015) which means, Bangladesh can
only use 16%-25% of all its river lengths as its transport viable waterway and rest
75%-84% of the waterways cannot be used. The reasons are the depth and high
siltation in the river. It is assessed that, Due to relatively higher settling velocity, the
large-grained sediments are deposited near the source area on the riverbeds, forming
sand bars (Khalequzzaman, 1994). Simply, in the rainy season regular water-flow
does not accommodate within the rivers and it overflows causing flood. Therefore, if
the siltation can be controlled or, reduced in any way, the rivers can be made more
useful for transportation and be made lesser threat as flood source. Dredging is a

possible and best viable solution to reduce siltation, but only as a cure.

Water transport is the cheapest means of transport and communication in our
country, because 60% of the population is below the poverty line and lives in the
rural areas. So, improvement of IWT (Inland Water Transport) is a necessity for the
economic development of our country. But the rivers and canals are reducing day by
day due to silting up by sand and clay deposits and the result is directly affecting the
waterways. In this situation it is very much essential to improve the waterways for

socioeconomic development of the country (Sultana et al., 2017).

2.2 History of Dredging

The technology of dredging of rivers follows back to ancient time of human
civilizations. In around 1575, mud mills were used to remove sedimentation. Such
dredging equipment was used for digging in ports and consisted of a rotating chain
with wooden boards to dig up the mud. Then came the steam-driven bucket dredgers,

though they were very unreliable. By 1857, suction dredgers were being used in the
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USA. Within years, many big dredging projects were being held in many countries to
stimulate the development and construction of new dredging equipment. In 1867,
suction dredgers designed by French engineer Henri-Emile Bazin were used in the
construction of the Suez Canal. This made dredging by suction more popular. The
cutter suction dredger came into work in late 1800s. It was developed to deal with
harder soils. The ‘trailing suction hopper dredger’ became more useful after a very
short time. As the number and size of oceangoing ships increased, wider and deeper
channels and harbor basins were required to accommodate them. The trailing dredger
can work without obstructing the ship movement in the waterway and thus, this type
become a more permanent solution. Modern popular dredgers are the modified and
optimized version of such dredgers. Bangladesh had it first Dredger in action by
1970s, when the Bangladesh Inland Water Transport Authority (BIWTA) bought its
first dredgers (HoD, 2022).

2.3 Dredging

Dredging is the process of removing material from the bed or banks of a waterway
and disposing it in another part of the waterway, where it presumably will not be
readily re-suspended and return to the main channel or disposing on land. Dredging
operations are primarily for the purpose of deepening or widening navigation channel
or to obtain fill material for land development (Bray, 1979).

Dredging is a significant way for delivering sands and stones for construction and
reclamation projects. Pressures arising from population growth and port and
infrastructure developments in coastal areas have created a need to raise the elevation
of low-lying areas and/or to construct new land areas (Henty, 1994). So, land
reclamation projects will always require different sorts of dredging. On the other
hand, an increasing quantity of marine aggregate is being used in concrete and fill,
including fill for reclamation project. To create underwater foundations, facilitate the
emplacement of pipelines or immersed tunnel elements, constructing flood control
structures such as dams, dikes or levees, dredging is considered a convenient
solution. Ensuring flood defenses (by improving or maintaining the discharge
capacity of watercourses) and creating or maintaining storage capacity in water

supply reservoirs are now-a-days dependent on dredging (Bray, 2004). Dredging can



benefit the environment in many ways. Dredged materials are frequently used to
create or restore habitats (Padmalal and Maya, 2014).

Another environmental use of dredging is to remove contaminated sediments, thus
improving water quality and restoring the health of aquatic ecosystems. This so-
called “remediation” or “clean-up” dredging is used in waterways, lakes, ports and
harbors in highly industrialized or urbanized areas (Edwards, 2015). If the removed
material are treated and used afterwards, or disposed of under strict environmental

controls, it’ll be both eco-friendly and environmentally safe.

2.4 Dredging Applications
Dredging can be divided into five major general categories:
i.  Capital Dredging
ii.  Maintenance Dredging
iii.  Dredging for Civil Works and Energy
iv.  Mining

v.  Environmental Dredging

2.4.1 Capital Dredging

Capital dredging is a dredging project in which the purpose of the project is to
substantially change the underwater or shoreline terrain for a commercial purpose.
Capital dredging is used to create or extend basins, harbors, marinas, canals, and
other facilities. Existing waterways, channels, and harbors are maintained by
maintenance dredging. Clean up dredging is associated with ‘the removal of polluted
material to safeguard human health and environmental protection (Bashir, 2022)
BIWTA has taken capital dredging projects in two phases as: Capital Dredging of 53
river routes in Inland waterways (1st phase: 24 river routes and 2nd phase: 29 river
routes) is one of the biggest. Also, capital dredging of seven important river routes
including old Brahmaputra and Lebukhali River, dredging of Jamuna River from
Mawa to Ruppur, Pabna and dredging of India-Bangladesh River Protocol Routes,
etc. are in the process of approval. In order to revive the dying rivers of the country

Bangladesh Water Development Board has also taken Gorai Restoration Project (2nd



phase), Capital (Pilot) Dredging of the River System in Bangladesh, Buriganga River
Restoration Project, etc. (Sultana et al., 2016).

2.4.2 Maintenance Dredging

Maintenance dredging is the periodic removal of shoals or sediments from existing
navigational channels, berths, swinging moorings etc. in order to maintain an
appropriate safe depth of water for navigation, construction or operational purposes.
Maintenance dredging is a dredging project that does not substantially alter the
underwater or shoreline terrain but maintains a body of water in a certain desired

condition.

2.4.3 Dredging for Civil Works and Energy

Dredging is essential to many civil works, engineering, and energy projects that are
vital to our cities ‘infrastructures.  Dredging is needed to excavate land for
breakwaters, dams, bridges, piers, docks, dikes, and wharves. The process for these
underwater engineering projects is like their land counterparts.  For example,
underwater trenches are created and filled to receive pipelines, power cables or
communications cables and seabed’s are prepared for foundations to support bridges
or dams.

The idea that dredging can be used to increase tourism is not new. More recently,
dredging makes possible many 21st Century tourist attractions. Such harbors are
often only made possible with dredging. Dredging also allows tourism to come to
remote areas, by making harbors and rivers passable to large tourist vessels.
Sometimes, the creation of waterside leisure facilities is coupled with other dredging
projects. For example, leftover dredged material often creates land for new parks in

urban areas, where harbors are frequently re-dredged (Mayer, 2023).

2.4.4 Mining

In mining dredging, the sediment itself is the desired commercial product. Dredging
provides a large part of the sand and gravel that is used as aggregate for cement, or
for road bedding and other construction uses. Minerals such as gold and precious

gems are also mined by dredging. Mineral mining dredgers are typically highly



specialized, customized, and owned by the mining company themselves (Mayer,
2023).

2.4.5 Environmental dredging

Environmental dredging can be used to correct an adverse environmental impact, or
it can create new environments and habitats where none existed before.
Environmental dredging projects are often combined with, or are a natural byproduct
of, capital dredging projects. For example, projects that deepen channels for
navigation are often combined with flood prevention projects, as the deepened
channel will naturally hold more water and reduce the amount of flooding in the

surrounding areas (Mayer, 2023).

2.5 Impacts of Dredging

Anything artificial affecting the nature always has adverse effects. Dredging affects
anything natural connecting to rivers. The water, the flora, the fauna — everything is
affected by the dredging directly. On the other hand, indirect effects are found in
riverside erosion and excessive sedimentation in riverbed further downstream. The
following points can be taken into consideration in relation to dredging of rivers:

i. Dredging process kills the aquatic life in the riverbed and might cause
imbalance in river ecosystem. The effect of such process might not come
forward immediately, but in long-term, rivers might start producing species
far more different than present time. Dredging affects in short term increases
in turbidity, which can affect aquatic species metabolism and interfere with
spawning.

ii.  The disturbance in underwater dredging clearly mixes the clean water with
silted materials and the mixed water runs long downstream from the point of
dredging. It reduces the possibility of gathering fresh water from rivers.

iii.  Dredging has potential to churn up old industrial pollutants like PCBs and
heavy metals that have settled to the river bottom. This can increase the
contamination level of the river.

iv.  Bridges, flood control structures, intake pipes for public water supplies,

power plants, manufacturing, etc. are built in the rivers considering the
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Vi.

Vii.

viii.

situation of the river’s overall condition. Any change of such conditions
might endanger such valuable infrastructure build within the river. Dredging,
if done in uncontrolled way without assessing the future effects on the river
current, can change the current force and path, which is a change of condition
and can affect infrastructures within the river.

It is observed in many countries through years of surveys and analysis that,
the river fills up the holes made by the dredging by itself as soon as it can. In
the process the riverbed water-current takes a new flow after the dredging and
these causes the riverbank water stress to increase in several kilometers
downstream. It is evident that, the effect of uncontrolled dredging in
riverbank erosion is existent. Riverbanks become more susceptible to erosion
(Hoey, 1995).

There are secondary impacts to marsh productivity from sedimentation.
Suction dredging has significant impacts on fish and amphibians, especially
during reproduction. Spawning is a stressful period and fish are highly
vulnerable to disturbance during this time. High levels of human activity,
including swimming and boating can cause reduced fish egg success, so
suction dredging most certainly can impact the reproductive success of fish.
Such lampreys are particularly sensitive to disturbance (Crisp, 1989).
Suspended sediment in the water affects the respiratory system of fish.
Growth may also be affected since food supply and feeding success are
reduced in the turbid conditions. The varying nature and size of the
suspended sediment, along with the sensitivity of different species, affects the
ecosystem differently.

Increased turbidity reduces light penetration and therefore primary
productivity, which has a knock-on effect throughout the food chain. Most
fish species migrate under such increased turbidity conditions, and many will
have a reduced capacity to find and capture prey. This will cause an overall
imbalance in the food chain in the river (Henty, 1994).

Recent satellite images prove that the dredging has widened the river
channels significantly. For example, the old sandbars are nearly

unrecognizable today. Natural habitats along the shorelines have been deeply
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disturbed and aquatic life has disappeared due to the severity of the dredging
practices. The balance of nature has been drastically changed (Brookes,
1988).

2.6 Advantages of Dredging

Depending on the function and purpose of the dredging process, you can find several
advantages to using this process. Whether you are a commercial business interested
in how dredging can make projects more efficient or an environmentalist wondering

how it can benefit ecosystems, dredging offers many benefits (Mayer, 2023).

2.6.1 Commercial Benefits

Dredging provides numerous benefits for shipping, construction, and other
projects. Dredging can be a critical process for the commercial shipping industry.
Removing sediment can maintain the appropriate width and depth for enabling the
safe, unobstructed passage of cargo vessels carrying oil, raw materials, and other
essential commodities. When dredging, it’s recommended that your materials should
be no less than 7 feet below the surface.

Further, dredging can assist with various aspects of construction
projects. For waterway projects, like bridges, docks, piers and underwater
tunnels, dredging helps create space for construction by efficiently removing
sediment. After clearing the sediment, projects can move forward with the building
process.

Land projects can also benefit from dredging by using sediment removed from the
water to fill in spaces where they need extra earth. After the dredging process,
companies dry out the sediment and transport it to its new location where companies
can apply it to the land as they see fit.

While many environmental organizations use dredging to restore beachfront and
aquatic ecosystems, beach town businesses can benefit from restoration. Dredging
can bring sand back to eroded beaches, making them more appealing to travelers
planning their summer vacations. When you have well-maintained beaches, you can
increase tourism and draw more visitors to your local business during the summer

seasons.
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2.6.2 Environmental Benefits

Dredging allows businesses to work with waterways to create better and healthier

aquatic ecosystems. One of the largest benefits of dredging waterways is helping to

reduce eutrophication, which is an excessive amount of nutrients in a water body

typically caused by water runoff from the surrounding land. Eutrophication can lead

to an overabundance of plant growth that results in oxygen deprivation and can cause

the death of aquatic wildlife. In some cases, dredging may be the most viable

remediation option when eutrophication occurs.

However, dredging offers many environmental benefits, including:

Restore environments: Sediment removal can help to restore a shoreline or
beachfront to its original condition by reversing the effects of soil erosion.
Cleaning ecosystems: Dredging can clean up a waterway after a toxic
material spill or via the removal of trash, debris, decaying vegetation, sludge
or other materials that can contaminate water and soil.

Preserving aquatic life: Dredging can produce a healthier aquatic ecosystem
that can result in a more suitable habitat for fish and other wildlife. It can also
be used for trash and debris removal to support eco-friendly waterways.
Removing general pollutants: Water bodies located near urban areas and
industrial complexes can quickly become a receptacle for various pollutants.
Sediment removal can prevent the accumulation of pollutants and keep the
waterways and their wildlife clean and healthy.

Reduce flood risk: Because the dredging process removes excess sediment
along the bottom and sides of waterways, rain and connecting bodies of water
can better flow together with less risk of floods. Waterways can better
accommodate the natural level of water coming through their watershed
system, so they can move and hold water and prevent spilling over the banks
and onto the land (Mayer, 2023).

2.7 Dredging related national legislations.

Most relevant national legislation concerning environment & dredging are.

Bangladesh Environmental Conservation Act, 1995 and amended in 2010. Under this
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act, the River Management Improvement Program (RMIP) requires clearance by the

Department of Environment (DoE) before launching the project complying with

procedures stipulated in the ECR-1997(Environment Conservation Rules). DoE

defines ecologically critical areas under this act, which need to be considered while

planning and designing the RMIP interventions. The followings are the different

laws that need to be taken into consideration while carrying out dredging jobs in the
context of Bangladesh (Bashir, 2022).

.
ii.
iii.
Iv.
V.
Vi.
Vii.

viil.

XI.
Xii.
Xiil.
XIv.
XV.
XVi.

XVii.

XVill.

XiX.

Bangladesh Environment Conservation Rules (ECR), 1997
Water Act 2013

Bangladesh Environment Court Act, 2010

Protection and Conservation of Fish Act (1950)

Embankment and Drainage Act, 1952

The EIA Guidelines for Industry (1997)

Inland Shipping Ordinance 1976 and Amendment

Related State Policies, Strategies and Plans

Bangladesh National Environmental Policy 1992

Inland Water Transport Policy (IWTP) 2009

Bangladesh National Environmental action plan (NEMAP 1995)
National Water Policy (1999)

National Water Management Plan, 2001 (Approved in 2004)
National Fisheries Policy, 1996

Relevant International Conventions, Treaties, and Protocols (ICTPs)

International Convention for the Prevention of Pollution from Ships
(MARPOL) 1973/1978

‘Biological Diversity, Rio de Janeiro (1992)

United Nations Framework Convention on Climate Change, Rio de Janeiro
(1992)

Convention on Wetlands of International Importance, especially Waterfowl
Habitat, Ramsar (1971) and its amending protocol, Paris (1982)
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XX.  Convention (BONN Convention) on Conservation of Migratory Species of
Wild Animals (1979)

XXi.  'Kyoto Protocol (1997) and the Copenhagen Accord (2009) on climate
change

XXii.  Convention on the prevention of marine pollution by dumping of wastes and
other matters,1972.

2.8 Gorai River Restoration Project (Phase-11)

Gorai River Restoration Project (Phase-Il) is an on-going Project of Annual
Development Program (ADP) being financed by Government of Bangladesh (GOB)
and implemented by Bangladesh Water Development Board (BWDB) under the
sponsorship of Ministry of Water Resources (MOWR). The Project was commenced
in November 2009 and targeted for completion in June 2013, but the completion time
has been extended up to June, 2017 (for specific reason). IMED has appointed an
Individual Consultant to complete Mid-term Evaluation of the Project through which
the latest progress as well as the implementation status of main components and the
achievement of the objectives of the Project was evaluated (BWDB,2012). India
commissioned a barrage across the Ganges at Farakka to divert water into the
Bhahgiratthi-Hoogly Rivers in West Bengal, India for the purpose of flushing the
silts to improve the navigability of the Kolkata Port to the Bay of Bengal. Due to
diversion in the upstream, the flows in the Ganges downstream of Farakka reduced
considerably. This affected seriously agriculture, fisheries, forestry, navigation,
domestic water supply and industrial development in the Ganges Dependent Area
within Bangladesh. The world’s largest mangrove forest, the Sundarbans is on the
verge of extinction because of high salinity levels in the rivers and channels

surrounding the Sundarbans during the dry season.

The Ganges basin in the Southwest region of Bangladesh receives freshwater through
two river systems: Gorai-Madhumati-Nabaganga and Mathabanga-Bhairab-Kobadak.

They are also termed ‘inland rivers’ (Halcrow et al., 1993).

The Gorai-Madhumati-Nabaganga system, the most important, used to receive a

significant amount of water from the Ganges River. Gorai-Madhumoti is one of the
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longest rivers in Bangladesh and distributaries of the Ganges. In the upper reaches it
is called the Gorai, and the name changes to Madhumati. Madhumati continuous
stream through Kushtia, Jessore, Rajbari, Faridpur, Khulna, pirojpur and Barguna
districts in Bangladesh (Addams, 1919).

Gorai River flows towards south for about 200 km up to the point at Bardia where
the river Nabaganga meets Gorai. From here, Nabagnga flows towards south, and
Gorai also flows towards south taking the name Madhumati. Nabaganga meets the
river system of Rupsha-Passur and their waterways and finally falls into the Bay of

Bengal.

Similarly, Madhumoti meets with Baleswar River and its waterways and finally falls
into Bay of Bengal. The tidal effect is felt up to upstream of the confluence point at
Bardia. As the fresh water from north is gradually reducing through Gorali,
Madhumoti and Naboganga, the salinity is increasing due to upward flow of water
caused by the tidal effect (DHI, 1993).

Particularly, heavy siltation has been observed to occur at the off-take of Gorai from
the Ganges River. The rate of siltation here was so high that the off-take of the river
was used to be completely silted up, blocked and discontinued its flow from the
Ganges at Talbaria under Kushtia district in the month of December, 1988. The
blockade of the off-take used to be continued until May next year and breached due
to on-rush of water from Ganges when the water level of Ganges was on the rise in

the wet season.

This incident of blockade at the off-take and discontinuation of water from Ganges to
Gorai was causing serious threat to the environmental degradation and salinity
intrusion from the south. With a view to minimizing this, the river Gorai was
dredged during 1991 and 1992 by Dredger Directorate of BWDB under GOB
funding to improve the fresh water supply through it towards south (BWDB, 2012).

Several studies were carried out to address the problem. Of them, one Study was
carried out by Asian Development Bank from 1989-93 called Flood Action Plan
(FAP Study) dividing Bangladesh in to eight (08) regions and conducting region-
wise Study. For South-Western Region involving Ganges dependent Area falls in the
Region-4 and the Study is named as FAP-4 Study.
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The study recommended dredging of the Gorai off-take with ancillary structures
following the objective as:

i.  To prevent the environmental degradation in the GDA of south-west region,
coastal belt and the Sundarbans by undertaking the restoration of Gorai River.

ii.  Ensuring fresh water in the wet season and augmenting dry season flow.

The Government of the People’s Republic of Bangladesh and India signed the
historic treaty on the sharing of the Ganges water at Farakka Point on the 12th of
December 1996. The treaty provides for sharing of water at Farakka for the period
covering January 01 to May 31 every year. In order to utilize the Ganges water for
the benefit of the people living in the Ganges Dependent Area and to offset the
negative impacts of the continuous withdrawal of water upstream of Farakka, the

dredging of Gorai River was taken up to give benefit for the Gorai basin also.

The Government of Bangladesh had undertaken the Gorai River Restoration Project
(GRRP) with the assistance of Netherlands and Belgium. The Gorai River had been
dredged starting from off-take to 20 km during the successive 3 years: 1998, 1999 &
2000 under a Pilot Priority Works (PPW). Maintenance dredging was not continued
just after the completion of the Project in 2000. This time, one Feasibility Study was
carried out by DHV-Haskoning and Associates in 2001. The Feasibility Study (FS)
and detailed Engineering Design of GRRP were prepared by the Main Consultant
(DHV-Haskoning and Associates). They recommended the components of works
including the following which would guide more water into the Gorai during lean
season while excluding sediment during monsoon season and thus minimizing

maintenance dredging: -

Components of option AIR:
i.  Flow divider at the off-take in the Ganges-Gorai Guide bundh.
ii.  River training works along the Gorai.

iii.  Dredging of clay-layer just downstream of Gorai off-take in the Gorai River.
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A committee was formed in March 2009 by BWDB for technical study in the light
Of the study carried outby DHV-Haskoning and Associates, 2001 and on the basis of
the technical study, the DPP of the Project GRRP, Phase-11 was prepared in May,
2009 and project date of commencement was November,2009 (DHV, 2001).

2.9 Description of Gorai River System

The Gorai River is the major distributaries of the Ganges River in the right bank and
important provider of freshwater inflows to southwestern region of Bangladesh
(Addams, 1919). It has a meandering and braiding tendencies. The length of the river
IS 199 km. The area of the Gorai River catchment area is 15160 km?2. The Gorai used
to discharge into the Bay of Bengal through the Madhumati and Baleswar Rivers
(Islam and Gnauck, 2011).

This River is an alluvial river and perennial in nature. Its course is wide, long,
meandering and is known to adjust its slope, width, depth and velocity to achieve
stable conditions at a specified supply of water and sediment (BWDB, 2011).

The Gorai-Madhumati River system has a flood discharge of nearly 7,000 cubic
meters in the monsoon period but in winter the flow goes down from five cubic
meters to nearly zero. These characteristics have made the river the element of
concern because the agriculture, wildlife and fresh water supply to the south-west

region are at risk and salinity has increased to an alarming rate (Clijncke, 2001).

2.9.1 River Morphology and Hydrology

Gorai is a meandering alluvial perennial river. Gorai River located between 21° 30’
N to 24° 0’ N latitude and89° 0’ E to 90° 0’ E longitude, covering partly or fully
areas of Pabna, Chuadanga, Kushtia, Rajbari, Faridpur,Gopalgonj, Jessore,
Jhenaidah, Magura, Norail, Pirogpur, Borguna, Bagerhat, Khulna and Sathkhira
districts of southwestern region of Bangladesh. The river takes off from the Ganges
at Talbaria, north of Kushtia town and 19kmdownstream from the Hardinge
Bridgeand discharges into the Bay of Bengal through the Madhumati and Baleswar
Rivers (Islam and Gnauck, 2011). River morphological and hydrodynamic

parameters including discharge, velocity, water level, and total sediment transport,
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cumulative erosion-deposition and chloride concentration as the salinity parameters

are discussed in this study (Rahman and Yunus, 2016).

Sediment Transport

In the Ganges the transports of coarse suspended sediments during the monsoon is up
to 8ton/day which means 100ton/s (RSP, 1996). In case of a discharge 50,000 m?/s is
the mean concentration will be 2 kg/m3 or 2000mg/1. The annual transport of the
Ganges is estimated at 300 Mton (Halcrow, 1997).

In the Gorai the transports may rise to about 10 ton/s or 0.5 Mma3/day. With a
discharge 0f5000m?s this yields the same concentration as found in the Ganges. So,
the monsoons sediment transport ratios of 10% have been measured. Because of
decreasing flow ratios Gorai/Ganges outside the monsoon period, the annual
transport ratio is less than 10% (less than 30 Mton/year). The annual transport of the
Gorai is estimated at 15 Mm3 (Halcrow, 1997).

Physical Properties of Riverbed Material

The size and composition of sediments change along a river. For the Gorai usually
higherD50 values are mentioned, e.g., 170 to 200 microns. A remarkable feature is
that the amount of fine material (e.g., finer than 63 micron) shows tremendous spatial
variations. This was also found in connection with GRRP during the first dredging
season of the project. From previous study that in 1966-69 the annual average bed
material transport in the Ganges River is about 18x10° metric tons (Goodbred et al.,
2000).

Salinity

As regards to salinity, it is seen that there is no salinity in Kushtia, Kumarkhali and
Khoksha. But in dry season salinity intrusion builds up at Khulna region. Salinity
values in 1999,2000 and 2001 are considerably lower than during the other years.
During these years, a major dredging program was undertaken, and the dry season

flows were restored (Giardino and Winterwerp, 2012).
Discharge

Discharge of recent years at Hardinge Bridge and Gorai Railway Bridge show that

the year of peak discharges at these two stations are not the same. Remarkable
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observation in Ganges is the extreme peak of 1998 and in Gorai, remarkable high
peak discharge was observed dolling the moderate monsoon of 1994 (GRC, 1999).
During monsoon the Gorai takes about 10% from the Ganges flows. During an
important of the lean season, as the Gorai flows are zero.

In 1973, 1984 and 1997 the Gorai River discharge were 190 m3/s, 60 m3/s and 2 m3/s
respectively. The mean peak flow in the Gorai River is 6,200 m3/s.The minimum
recorded monthly mean flow was 171m?3/s in April in 1995 (EGIS, 2000)

Water Levels

Long-term time series of water level at Hardinge Bridge show that the annual high
waters are stable over the decades while annual minimum water levels show
downward trend. In the last 20 years the minimum water levels dropped by more
than one meter. As conditions changed that rapidly, mainly hydrometric statistics of
recent years are more useful to consider for the Plumose of restoration of Gorai
(GRC, 1999).

Recent water level in front of the Gorai off-take near Talbaria shows extremely high
water in September 1998 and unusual peak in December 1997. The lowest waters at
Talbaria were recorded in April 1995 while the low water levels near Gorai Railway
Bridge in lean season do not have any physical meaning if there is no flow in the

Gorai.

Velocity

It can be visualized from that during both the wet and dry season for the year 2010
there is a higher velocity of flow in the main channels and flood plains in case of
dredged bathymetry. The velocity in the main channel is obviously greater than the
velocity in the side channels.

During the wet season flow velocity throughout the study reach varies from 0.3 m/s-
0.9 m/s in case of original depth profile whereas the range of velocity increases to 0.4
m/s-1.1 m/s in dredged bathymetry. During the Ilean period flow
velocity falls within the range of 0.06 m/s-0.16 m/s that increases to 0.30 m/s to
0.65m/s in dredged bathymetry.
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2.9.2 Importance to Sundarbans

The delta of the Ganges-Brahmaputra-Meghna River system is the sixth largest in the
world with an area below -2 m MSL of 6170 km?. The two rivers combined, Ganges
and Brahmaputra, today have the largest sediment discharge capacity in the world
equal to about 10° tons per year (Goodbred and Kuehl, 2000).

Geological evidence suggests that the main course of the Ganges has been shifting
eastwards after abandoning several courses, amongst which the Gorai, which became
a distributary of the main river (Sarker, 2005). The Ganges was flowing close to the
present course of the Gorai River nearly 5,000 years ago.

The Ganges drains the southern slopes of the Himalayas. The annual average flow
measured at the Hardinge Bridge, located at about 15 km upstream of the Gorai off-
take, since the mid-1930s is about 11,000 m3/s (Sarker, 2005), with peak discharges
of about40,000 m3/s. The river flow is characterized by a profound wet-dry season
cycle, where the wet season runs from June through October. However, river
discharges have been declining over time.

The Gorai River diverts fresh water from the Ganges River into a few distributaries,
the main ones being the Pussur, Baleshwar and Sibsa rivers. These flows constitute a
critical resource both for the population and the ecological habitats of the region.

In the current study, the Gorai River has been divided into three different sections,
characterized by a different morphological behavior and with different economic and
ecological values (Giardino and Winterwerp, 2012).

Upper Gorai River from the location of the off-take point down to Khulna. The total
length of this part of the river is approximately 135 km.

Confined Gorai River system, from Khulna down to the landward Sundarbans limits,
approximately where the port of Mongla is located. This part of the river is
characterized by polders at the two sides of the river. The length of this river stretch
is about 45 km. The Gorai is named Rupsa River here.

The Sundarbans bordering is approximately the last 90 km of the river. The
Sundarbans is the largest mangrove forest in the world and a UNESCO World
Heritage Site. The majority of fresh Gorai water flows through the Pussur, and small

amounts (distribution is in known) through the Sibsa and Baleshwar (west and east of
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the Pussur, respectively). A major part of the Sundarbans is flooded during high
water, during the monsoon, when mean water levels increase by about0.7 m.
Only the Gorai River sections are analyzed in the current report, because they will

benefit most from the off-take river works (Giardino and Winterwerp, 2012).

2.10 Previous Studies

The Gorai River is an important distributary of Ganges River and one of the main
rivers of the south-western region of Bangladesh. With the reduction of discharge of
Ganges, Gorai River has also been experiencing the same problem of reduction of
discharge which was causing siltation at its bed throughout the length. Particularly,
heavy siltation has been observed to occur at the off-take of Gorai from Ganges river.
The rate of siltation here was so high that the off-take of the river was used to be
completely silted up, blocked and discontinued its flow from the Ganges at Talbaria
under Kushtia district in the month of December, 1988 (BWDB, 2012).

Blockade at the off-take and discontinuation of water from Ganges to Gorai was
causing serious threat to the environmental degradation and salinity intrusion from
the south. With a view to minimizing this, the river Gorai was dredged during 1991
and 1992 by Dredger Directorate of BWDB under GOB funding to improve the fresh
water supply through it towards south (Halcrow, et al., 1997).

Khan (1986) analyses the sediment data of the river Gorai-Madhumati at Gorai
Railway Bridge. In the study, the average daily maximum sediment concentration in
the Ganges and Gorai River was found to be 2,344 ppm and 550 ppm respectively
during 1975-85 periods. Also, the average sediment transport in Gorai during 1975-
1981 was found to be 13.27 million Tons/yr.

Islam (1996) studied some morphological characteristics of the Gorai-Madhumati
River. He analyzed water level, discharge, sediment transport, channel cross-sections
and channel plan forms data. He stated that the ratio of meander wave lengths to
meander belt gradually decreased with time. In some cases, strong correlation was

found with average channel width with meander parameters. Bank erosion rates were
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found to depend on the relative bend curvature value. Average riverbed slope, valley
slope, sinuosity, channel longitudinal bed profiles, formation of cut-offs, meander

development and length changes of the river with time were also studied.

Halcrow (1993) studied on Southwest Area Water Resources Management Project
(FAP4). One of their important studies is on hydro-morphology of Ganges-Gorai
system and the impacts on salinity intrusion for the southwest region of Bangladesh.
During the development of a one-dimensional Gorai sub-model, it was realized that
the correct simulation of water level at Talbaria is very important in order to simulate
the split of flows into the Gorai from the Ganges. This is apparently difficult for low
flows in the Ganges because the low flow hydraulic conditions of Ganges (also of

Gorai) changes significantly.

FAP 24 also carried out 2D morphological modelling at Gorai off-take. Some of the
findings of the 2D modelling are that during rising stage, the bed level at the off-take
rises and the channel becomes wider and during falling stage, the bed level drops and
the channel becomes more narrow. In the simulation the development of the bar in
front of the off-take is quite sensitive to the flow resistance in the downstream reach
of the Gorai. A sudden increase in bed levels at the off-take would remain in the
following year after a normal flood year. This morphological model has provided

valuable information about the morphological nature of the off-take.

Halcrow (1997) produced a project report entitled "Gorai River Restoration Project,
priority dredging and ancillary works™. In the report, morphological studies
undertaken by FA P 4 and FAP 24 were reviewed and updated. The report states that
morphological considerations support the premise that without intervention the
decline of Gorai would continue and that interventions are required to restore the
river. A program of dredging to restore flows should be carried out to work "with the
river" and the route of the dredged channel and the spoil disposal areas should be
carefully chosen to encourage the bend and bar features exhibited formerly. The
report also mentions the specific areas which need to be dredged. Also, there are
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some recommendations for guide bunds or groynes, at the mouth of the river and
certain revetments works at key places along the banks.

EGIS (2000) presents the "Environmental Baseline™ of the Gorai River Restoration
Project. The main objective was to put on record the status of the environment in the
project area especially the consequences of the disruption in the flow of water
through the Gorai during the dry season. During the study, it was tried to assess the
environmental, ecological, sociological, economical and resettlement effects and/or
benefits for the project Both primary and secondary data were used for the

assessment.
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CHAPTER 3
METHODOLOGY AND DATA COLLECTION

3.1 Introduction
This chapter presents the methodology followed in carrying out this research,
including rationale for site selection, data collection, and setup of questionnaire

survey for evaluate the environmental impacts of Gorai River dredging.

3.2 Study Area

In this work Gorai River system throughout the length from Talbaria to Khoksha and
its surroundings has been selected for study area, where off-take is located at the
Talbaria and downstream is located at the Khoksha (Figure 3.1). Five locations at
Talbaria, Mongol baria, Gorai Railway Bridge, Kumarkhali groyne and Khoksha has

been selected for data collection (Figure 3.1).
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3.3 Data Collection

Data collection process is divided in two sub-categories, such as primary data

collection and secondary data collection.

3.4 Primary Data Collection

Primary data collection mainly depends on questionnaire survey, such as
beneficiaries (farmers, fishermen, boatmen, sand traders) and Officials of the Gorai

River Restoration Project Phase-II.

3.5 Sample Size Calculation

The sample size for the study has determined by using the following statistical
formula (Bartlett et al., 2001): -

zp

d2

n= x Design effect ... i i s34

2
_ (196 X(0.70)X(0.30)X 10
(0.05)?

_3.84x0.21

x1.0
0.0025

=322.5x1=322.5 = 350

Where, n = Sample size (to be determined)
p = Percentage occurrence of a state or condition=0.70
q=1-p=1.0-0.70=0.30
d = Error level = 5%

z = the value of standard variant at 95% confidence level = 1.96

Because of the heterogeneity in the target population across the study area, the

design impact is assumed to be 1.
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3.6  Category wise allocation of sample

Above the equation 3.1, the sample size has determined to be as 350. Mention here
that 1 considered 10 Officials of the River Restoration Project Phase-11 for
questionnaire survey. These respondents (beneficiaries) are distributed among the
five locations at Talbaria, Mongol baria, Gorai Railway Bridge, Kumarkhali groyne

and Khoksha. Table 3.1 shows the total list containing the category wise allocation of

sample.
Table 3.1: Category wise allocation of sample
Location Number of Officials Total
respondents relating to respondents
the Project

Talbaria 70
Mongol baria 70
Gorai Railway Bridge 70 10 360
Kumarkhali groyne 70
Khoksa 70

3.7 Occupational status of respondents

Occupation of respondents was 61.5% involved in farming, 7.1% in fisherman, 7.1 %
in boatman and 24.3% of the respondents involved as sand traders (Table 3.2). The
percentage of respondents for this research is same as the Mid-term Evaluation
Report, IMED, 2014 for Gorai River Restoration Project-II.

Table 3.2: Occupational status of respondents

Source: Mid-term Evaluation

Current study, 2021 Report, IMED, 2014

Types of occupation Number % IMED Report, | Number | %
i.  Farmers 215 61.5 2014, 430 61.5

ii. Fisherman 25 7.1 considering 50 7.1

iii. Boatman 25 7.1 | percentage (%) 50 7.1
iv.  Sand traders 85 24.3 | of occupation. 170 24.3
Total respondents 350 100.0 700 100.0
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3.8 Questionnaire Survey for Beneficiaries

Various types of important information have collected from the beneficiaries of the
project such as farmers, fishermen, boatmen; sand traders etc. through the various
types of questions (appendix A) for analyzing the environmental impact. Data has
been collected from 09-09-2021 to 18-09-2021.The total study area is divided in four
zones. Such as:

Zone-1:  Upstream dredged and non-protective area
Zone-2:  Upstream dredged and protective area

Zone-3:  Downstream dredged and protective area

Zone-4:  Downstream non dredged and non-protective area

Also study areas are in three upazillas such as Kushtia sadar, Kumarkhali and
Khoksha. Only 30 km length is dredged of Gorai River where Kushtia sadar is 8.5
km, Kumarkhali is 20 km, and Khoksha is 1.5 km. Figure 3.2 shows the

questionnaire survey plan for data collection from Gorai River Restoration Project

Phase-11.
Gorai River
Zone-1 N Upstream
N Zone-2
Dredged and non- |- g
protective area ~ Dredged and protective

\/ A/area

Dredged and protective

Non dredged and/

. area
non-protective area

VAV AVENA VAN

S

Zone-4

Downstream /

Zone-3

Figure 3.2: The questionnaire survey plan for Beneficiaries
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Questionnaire Survey for Farmers:

In the Questionnaire Survey, Data has been collected from farmers regarding Gorai
River Restoration Project Phase-11 on the following issues:

Which water is currently used in agriculture?
At present (2021) how many crops are produced in the land?

At present (2021) the amount of crop production in the land has increased or
not?

What is the cause of increase / decrease in crop production?

Is there any new employment opportunity for farmers in Gorai River now?

Figure 3.3 shows the questionnaire survey for data collection from farmers in Gorai
River Restoration Project Phase-II.

Figure 3.3: Questionnaire Survey from farmers.

Questionnaire Survey for Fisherman:

In the Questionnaire Survey, Data has been collected from fisherman regarding
Gorai River Restoration Project Phase-I1 on the following issues:

At present (2021) in the river Gorai fish production has increased or not?
What is the cause of increase / decrease in fish production?

Is the water in Gorai River suitable for aquatic life during the current dry
season?

Is there any new employment opportunity for fishermen in Gorai River now?
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Figure 3.4 shows the questionnaire survey for data collection from fisherman in
Gorai River Restoration Project Phase-I1.

Figure 3.4: Questionnaire Survey from fisherman.

Questionnaire Survey for Boatman:
In the Questionnaire Survey, Data has been collected from Boatman regarding Gorai

River Restoration Project Phase-11 on the following issues:

i.  Asaresult of the implementation of this project in the current dry season, the
Gorai River always has water.
ii.  How do people cross the river in the dry season?
iii.  Is the water in the Gorai River suitable for navigation during the current dry
season?

iv.  Has the implementation of this project created job opportunities for boatman?

Figure 3.5 shows the questionnaire survey for data collection from boatman in Gorai

River Restoration Project Phase-II.

Figure 3.5: Questionnaire Survey from Boatman.
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Questionnaire Survey for Sand Traders:

In the Questionnaire Survey, | was collected data from sand traders regarding Gorai

River Restoration Project Phase-11 on the following issues:

Vi.

Has the amount of water in Gorai River increased during the current (2021)
drought season due to dredging?

What is the condition of sand lifting from Garai River during dry season?
What causes decrease/increase in sand lifting?

What is the condition of sand transportation from Garai River during dry
season?

What causes decrease/increase in sand transportation?

Has there been any new employment opportunity in dredging sand extraction

and transportation from Gorai River?

Figure 3.6 shows the questionnaire survey for data collection from sand traders in

Gorai River Restoration Project Phase-I1.

Figure 3.6: Questionnaire Survey from Sand Traders.

3.9 Questionnaire Survey for Officials

Various types of important information have collected from the officials of the

project through the various types of questions (appendix A) for analyzing the

environmental impact. In the Questionnaire Survey, Data has been collected from
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Superintending Engineer, Executive Engineer, Sub-Divisional Engineer, Assistant

Engineer and Sub-Assistant Engineer who was directly involved, regarding Gorai

River Restoration Project Phase-11 on the following issues:

Vi.

Vii.

viii.

What is the total length of the project that is being implemented in the year
2009-2017 called Garai River Restoration Project-Phase-11?

How many km of dredging was done in Kushtia sadar, Kumarkhali and
Khoksa?

What is a suitable location for dumping dredged soil, from the viewpoint of
no future situation of riverbank by it?

Whether there was enough manpower to operate and maintain Dredger?
When do you think the regular dredging program should start and end?
Whether maintenance will be required for navigability of Garai River after
the completion of the project.

Is there any surface water measurement station, salinity station, discharge
station, ground water station etc. in Garai River?

Whether the implementation of the project has any environmental impact on
Biodiversity of the surroundings of Gorai River.

Do you think the duration of this project should be extended?

According to you, this type of project or any other type of method should be

adopted where silt accumulates in the river?

Figure 3.7 shows the questionnaire survey for data collection from officials in Gorai

River Restoration Project Phase-II.

Figure 3.7: Questionnaire Survey from officials.
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3.10 Secondary Data Collection

All types of secondary data (Table 3.3) were collected from Processing & Flood
Forecasting Circle (PFFC), under Bangladesh Water Development Board (BWDB).
The following secondary data has collected from Bangladesh Water Development
Board (BWDB) to analyze the impacts of dredging:

Table 3.3: Secondary Data Collection

Data Location/ID Period Source
Salinity Khulna (SW-241) 2009-2020 BWDB
Discharge Gorai Railway Bridge (SW-99) 2009-2020 BWDB
Surface Water L _
Gorai Railway Bridge (SW-99) 2009-2020 BWDB
Level
Ground Water _
KustiaSadar 2009-2020 BWDB
Level

The number of salinity stations, discharge stations, surface and ground water level
stations of Gorai River in Kushtia district is collected from the project related field
office and Bheramara Hydrology Section, BWDB, Kushtia (Table 3.4).

Table 3.4: Data of various stations of Garai River

Item | Discharge | Salinity Surface Ground Rain | Evaporation
Stations | Stations | water level | water level | Gauge stations
(nos) (nos) stations stations stations (nos)
(nos) (nos) (nos)
2 0 3 45 3 3
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CHAPTER 4
RESULTS AND DISCUSSION

4.1 Introduction

Gorai River Restoration Project (Phase-Il) is a Project of Annual Development
Program (ADP) being financed by Government of Bangladesh (GOB) and
implemented by Bangladesh Water Development Board (BWDB) under the
sponsorship of Ministry of Water Resources (MOWR). The Project commenced in
November, 2009 and targeted for completion in June, 2013 but the completion time
extended up to June, 2017. The Gorai River had been dredged starting from off-take
to 30 km during the successive 9 Years (Table 4.1) under a Pilot Priority Works
(PPW). For this study, during dredging 2009-2017 and after dredging 2018-2020 has
considered Phase-11 and Phase-111 respectively.

Table 4.1: Dredging of Gorai River

Dredging of Gorai River (2009 -2017)
Year | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017

Volume

0 0 196 | 1532 | 21.53 | 33.65 | 458 | 6.90 | 1.89 |14.16
In %

Source: Data collected from the Project Completion Report, BWDB, 2017.

4.2  Salinity of water in Gorai River

Table 4.2 shows information from respondents related to salinity of water. One of the
objectives of this evaluation study was to analyze the impact on salinity of Gorai
River due to dredging.

As per questionnaire survey, about 99% respondents stated that the unavailability of
saline in the drinking water and water of Gorai River and loss of crop production and

related problems are almost zero in the Gorai River areas.
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Table 4.2: Information related to salinity of water.

Percentage | Percentage
Status of salinity in study areas of 2021 | of 2013*
(n=350) (n=700)
Presence of saline in the drinking water (n=350)
e Yes (slightly salted) 0.9 0.4
e NO 99.1 99.6
Presence of saline in the water of Gorai River
° Yes 0.6 0.3
e NO 99.4 99.7
Any health problems faced due to intake of saline
water
e No symptoms observed 0.9 0.4
 Not applicable because no presence of salt in the 99.1 99.6
water
Any problem faced in crop production due to use
of saline water
100.0 100.0

¢ No problems faced

4.3  Availability of surface water
4.3.1 Primary data
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* Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

One of the objectives of this evaluation study was to analyze the impact on
availability of surface water in dry season of Gorai River due to dredging. Table 4.3

shows that due to restoration of Gorai River, availability of surface water in dry




season during 2021 has increased as stated by respondents (86.2%). This represents

that more surface water is available at location where more dredging work was done.

Table 4.3: Information related to surface water.

Status of surface water Percentage | Percentage
of 2021 of 2013*
(n=350) (n=700)

A. | Is there always water in Gorai River in the current

dry season?
e Yes 85.7 80.5
e No 14.3 19.5

B. | Has the amount of water in Gorai River increased

during the dry season?

e Yes 86.2 81.3
e NoO 8.0 10.4
e Same as before 5.8 8.3

* Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4.3.2 Secondary data

There are three water level measuring stations of the BWDB in Gorai River in which
data of Gorai Railway Bridge station is collected for analysis. Gorai Railway Bridge
station which is a station of Gorai River is selected for analysis purpose. Monthly
minimum water level at Gorai Railway Bridge station during dredging (Phase-Il) and
monthly minimum water level at Gorai Railway Bridge after dredging (Phase-111) are
shown in Table 4.4 and Table 4.5 respectively. This data is collected to analyze the
availability of surface water in the Gorai River during the dry season. The secondary
data is collected form Processing and Flood Forecasting Circle (PFFC), BWDB,
2021.
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Table 4.4: Monthly minimum water level observed at Gorai Railway Bridge during

dredging (Phase-I1)

Year Monthly minimum Water level observed in different year (m)
Month | January | February | March | April | May | June | November | December
2009 4.21 3.84 3.76 | 3.73 | 4.24 | 4.69 6.04 4.83
2010 4.46 4.38 4,03 | 3.94 | 4.25 | 5.00 6.55 4.77
2011 4.03 3.94 3.90 | 3.77 | 3.88 | 5.18 6.59 5.70
2012 5.53 5.18 432 | 426 | 458 | 4.87 6.23 4.86
2013 4.14 4.01 3.95 | 3.79 | 4.04 | 555 5.59 4,55
2014 4.19 4.23 4,18 | 3.97 | 4.04 | 5.20 4.75 3.82
2015 3.72 3.44 3.47 | 401 | 460 | 5.25 5.17 4.55
2016 4,17 4.05 3.87 | 3.82 | 465 | 5.18 5.53 3.93
2017 3.80 3.62 3.85 | 422 | 446 | 4.90 4.96 3.90
Max 5.53 5.18 432 | 426 | 465 | 555 6.59 5.70
Min 3.72 3.44 3.47 | 3.73 | 3.88 | 4.69 4.75 3.82
Mean 4.25 4.08 3.93 | 3.95 | 430 | 5.09 5.71 4.55

Table 4.5: Monthly minimum water level observed at Gorai Railway Bridge after
dredging (Phase-I11)

Year Monthly minimum water level observed in different year (m)
Month | January | February | March | April | May | June | November | December
2018 3.68 3.66 359 | 3.70 | 3.84 | 453 4.85 4.07
2019 3.86 3.73 3.84 | 3.85 | 3.90 | 4.74 6.20 5.33
2020 4.50 3.68 3.63 | 3.66 | 4.09 | 6.23 6.17 5.24
Max 4.5 3.73 3.84 | 3.85 | 4.09 | 6.23 6.20 5.33
Min 3.68 3.68 3.59 | 3.66 | 3.84 | 453 4.85 4.07
Mean 4.01 3.69 3.69 | 3.74 | 3.94 | 5.17 5.74 4.88

Table 4.4 shows that generally minimum water level on April (as 3.73 in 2009) in

every year but sometimes it is seen in March or May and generally increased in May

or June. On the other hand, Table 4.5 shows that generally minimum water level on

April (as 3.66 in 2020) in every year but sometimes it is seen in March or May and

generally increased in May or June.

It also Table 4.4 and 4.5 shows that in the month of January to December (except

May and June) maximum value of surface water at Gorai Railway Bridge station

occurs Phase-11 is more than Phase-I1l. So, dredging is continuing to facility Gorai

River for getting more surface water in this surroundings area. In addition to the
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dredging in Gorai River rainfall, sediment, upstream flow etc. are also some of the

factors contributing to more availability of surface water.

Comparison of water level mean value of phase —IlI and phase-Ill are shown in
Figure 4.1:

m Comparison of Phase-11 and Phase-111
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Figure 4.1: Comparison of water level mean value of phase —II and phase-II1.

From Figure 4.1 it shows that water level mean value of phase-11 in January to May
is more than from phase-I11 and another month water level mean value of phase-Il is
approximately same as phase-111 value. In the month of February water level mean
value in phase-Il increased maximum as 0.39 and minimum is 0.33 from phase-lII.
So, if dredging is going on in Gorai River system, then it is possible to get available

surface water in Gorai River system.

4.3.3 Auvailability of discharge

There are three water flow measuring stations of the BWDB in Gorai River. For flow
measurement flow measuring stations of the BWDB at Gorai Railway Bridge station
is collected for analysis purpose. Monthly average discharge at Gorai Railway
Bridge station during dredging (Phase-11) and monthly average discharge at Gorai
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Railway Bridge after dredging (Phase-111) are shown in Table 4.6 and Table 4.7

respectively. The secondary data is collected form Processing and Flood Forecasting
Circle (PFFC), BWDB, 2021.

Table 4.6: Monthly average discharge data observed at Gorai Railway Bridge during
dredging (Phase-I1)

Year Monthly average discharge data observed in different year (m%/s)
Month | January | February | March | April | May | June | November | December
2009 | 278.69 40.57 12.03 | 5.12 540 |212.35| 681.52 189.24
2010 | 37.47 21.88 12.73 | 10.79 | 41.24 | 591.46 | 626.39 190.20
2011 | 36.20 8.71 5.80 | 41.20 | 56.30 | 880.80 | 600.38 544.18
2012 | 390.20 | 245.10 |190.63 | 171.20 | 173.40 | 600.10 | 638.50 383.55
2013 | 205.00 | 127.61 |147.77 | 102.80 | 170.66 | 505.69 | 482.69 230.10
2014 | 150.76 | 151.80 |141.35 | 130.40 | 155.30 | 248.30 | 400.07 79.49
2015 | 12.00 7.95 20.05 | 66.77 | 100.06 | 407.91| 150.33 27.48
2016 9.70 4.94 3.05 199 | 78.01 | 795.14 | 318.29 101.38
2017 | 26.76 | 23.99 | 29.77 | 37.63 | 45.17 | 14261 | 75500 | 294.71
Max | 390.20 | 245.10 |190.63 | 171.20 | 173.40 | 880.80 | 638.50 544.18
Min 9.70 4.94 3.05 1.99 540 |142.61| 150.33 27.48
Mean | 127.42 | 7028 | 62.58 | 63.10 | 91.73 | 487.15| 517.02 | 226.70

Table 4.7: Monthly average discharge data observed at Gorai Railway Bridge after
dredging (Phase-I11)

Year Monthly average discharge data observed in different year (m%/s)
Month | January | February | March | April | May | June | November | December
2018 | 14380 | 7.24 | 518 |48.04[47.30(109.17 | 321.88 | 17256
2019 89.49 9.33 445 | 6.81 | 555 | 36.08 606.75 451.69
2020 242.42 72.52 6.48 | 9.28 | 16.46 | 582.67 | 775.60 427.44
Max 242.42 72.52 6.48 | 48.04 | 47.30 | 582.67 | 775.60 451.69
Min 89.49 7.24 445 | 6.81 | 555 | 36.08 321.88 172.56
Mean 158.57 29.70 5.37 | 21.38 | 23.10 | 242.64 | 568.08 350.56
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Table 4.6 shows that generally minimum discharge occurs during March — May
every year and generally increased in May or June. On the other hand Table 4.7
shows decrease of a flow in the respective months in Phase-I11. It also Table 4.6 and
4.7 shows that in the month of January to December (except November) maximum
value of discharge Gorai Railway Bridge station occurs Phase-I1 is more than Phase-
I11. So, dredging is an important part of Gorai River for getting more surface water in
this surroundings area. There are other factors like rainfall, sediment, upstream flow

etc. contributing to this as well.

Comparison of discharge mean value of phase —Il and phase-I11 are shown in Figure
4.2:
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Figure 4.2: Comparison of discharge mean value of phase —Il and phase-II1.

From Figure 4.2 it shows that discharge mean value of phase-Il in February to June
is more than from phase-Ill and another month discharge mean value of phase-1I is
approximately same as phase-1l1 value. So, if dredging is going on than it is possible
to get available water in Gorai River system.
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4.4  Availability of Ground Water

4.4.1 Primary data

Table 4.8 shows that due to dredging in Gorai River, availability of ground water in
dry season during 2021 has increased about 5% than 2013 and 12% than 2009. So, it
observed that availability of ground water for drinking purpose throughout the year is

ensured.
Table 4.8: Information related to ground water.
Status of ground water in before, during and after dredging
A. | Availability of water in the tube well during dry Number %
season (2021):
e Yes 319 91.1
e No 31 8.9

B. | Availability of water in the tube well during dry
season (2013):

e Yes (Source: Mid-term Evaluation Report, 609 87.0
IMED, 2014)

e No (Source: Mid-term Evaluation Report, 91 13.0
IMED, 2014)

C. | Availability of water in the tube well before 2009
dry season

e Yes (Source: Mid-term Evaluation Report, 563 80.4
IMED, 2014)

e No (Source: Mid-term Evaluation Report, 137 19.6
IMED, 2014)

4.4.2 Secondary data

There are forty ground water measuring stations of the BWDB in Kushtia. For
measurement ground water measuring stations of the BWDB at Kushtia Sadar station
is collected for analysis purpose. The Ground water table observed at Kushtia Sadar
during dredging (Phase-11) and the Ground water table observed at Kushtia Sadar
after dredging (Phase-I11) is shown in Table 4.9 and 4.10 respectively. This data is

collected to analyze the availability of ground water in dry season of tube well.
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Table 4.9: Ground water table observed at Kushtia Sadar during dredging (Phase-11)

Year Ground water table observed in different year (m)

Month | January | February | March | April | May | June | November | December
2009 | 8.77 928 | 962 | 956 | 9.33 | 878 | 6.92 8.00
2010 | 8.77 9.32 9.61 | 9.80 | 9.33 |8.30 6.55 6.60
2011 9.06 9.34 957 | 9.80 | 957 | 7.20 6.71 7.50
2012 | 8.50 8.87 8.90 | 9.40 | 9.50 | 9.05 6.69 6.75
2013 NA NA NA NA NA | 7.80 NA NA
2014 NA NA NA NA NA | NA NA NA
2015 | 9.06 9.32 9.77 | 9.27 | 8.90 | 8.38 3.52 2.80
2016 | NA NA | NA [ NA | NA [464] NA NA
o017 | NA NA | 967 | 993 | 907 | 899 | 7.8 8.27
Max 9.06 9.34 9.77 | 9.93 | 9.57 | 9.05 7.18 9.27
Min | 8.50 887 | 890 | 9.27 | 890 | 464 | 352 2.8

Mean 8.83 9.23 11.43 | 11.55 | 11.14 | 7.89 6.26 6.65

NA means Not Available

Table 4.10: Ground water table observed at Kushtia Sadar after dredging (Phase-111)

Year Ground water table observed in different year (m)

Month | January | February | March | April | May | June | November | December
2018 9.37 9.70 10.10 | 10.18 | NA | NA NA NA
2019 NA NA 9.48 | 9.62 | 9.36 | 8.99 6.80 NA
2020 8.49 9.09 9.34 | 9.35 | 9.08 | 7.50 7.50 8.39
Max 9.37 9.70 10.10 | 10.18 | 9.36 | 8.99 7.50 8.39
Min 8.49 9.09 9.34 | 9.35 | 9.08 | 7.50 6.80 8.39

Mean 8.93 9.40 9.64 | 9.72 | 9.22 | 8.25 7.15 8.39

NA means Not Available
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From Table 4.9 shows that generally maximum ground water table in April (as 9.93)
in every year but sometimes it’s seen in March or May and generally increased in
May or June. On the other hand, from Table 4.10 shows that generally maximum
ground water table in April (as 10.18) in every year but sometimes it’s seen in March
or May and generally increased in May or June. So, dredging is an important part of
Gorai River for getting more available ground water in this surroundings area. Not
only is the water level in the Gorai River due to dredging but also rainfall, sediment,

upstream flow etc. are some of the reasons for this.

Comparison of ground water maximum value of phase —I1 and phase-111 are shown in
Figure 4.3:
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Figure 4.3: Comparison of ground water maximum value of phase —Il and phase-I11.

From Figure 4.3 it shows that maximum value of ground water of phase-II in January
to November (except December) is less than from phase-11l and another month
ground water mean value of phase-Il is approximately same as phase-1ll value.
Ground water table value is less meaning ground water is available in this
surrounding area. So, if dredging is going on in Gorai River system, then it is
possible to get available ground water in Gorai River system.
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4.5

4.5.1 Sources of water for irrigation

Table 4.11 shows that during dredging about 2% of respondents are use water
through Low Lift Pumps LLP from Gorai River but after dredging about 15% of
respondents are use water through LLP from Gorai River. On the other hand,

Irrigation

dependency of irrigation water from other sources is reduced from 82% to 70%.

Table 4.11: Sources of water for irrigation

Use of water in

Use of water

Other sources

percentage in percentage
Sources of water
(2021) (2013 %)
(n=215) (n=430)
i.  Brings water through LLP from Gorai 14.9 20
River
ii.  Brings water from GK project for 15.3 16.0
irrigation
69.8 82.0

* Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4.5.2 Cropping intensity

Table 4.12 shows that farmers are living adjacent to the Gorai River are converted
from 1 crop to 2 or more crops to produce per year due to more flow of water in

Gorai River during dredging as well as slightly increased level of ground water

during dry season.

Table 4.12: Number of crops produced during the years 2009 and 2013 and 2021.

2009* 2013* 2021
Number of crops
(n=430) (n=430) (n=215)
ii. 2crops 52.7% 41.6% 38.6%
iii. 3crops 35.8% 50.7% 55.8%

*Source: 2009 & 2013 data collected from Mid-term Evaluation Report, IMED, 2014.
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4.6
4.6.1 Volume of productivity

Crop Productivity

The 4.13 shows that most of respondents (93%) has state that volume of production

of crops increased due to availability of surface water and ground water through the

year.

Table 4.13: Volume of production increased/same as /decreased as stated by farmers
during 2009 and 2013 and 2021.

Status of production (n=215) 2009* 2013* 2021
(n=430) | (n=430) (n=215)

Vol. of production increased 83.1% 91.0% 93.0%
Vol. of production same as before 11.7% 05.2% 04.7%
Vol. of production decreased 05.2% 03.8% 02.3%

*Source: 2009 & 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4.6.2 Reasons for increase/decrease in the production of crops

The table 4.14 shows that reasons for increase and decrease in the production of
crops are not directly attributed due to project activities. 41.9% of the farmers stated
about increased supply of water during dredging period only and 39.50% of the

farmers stated more use of improved seeds and fertilizers helped increase production

which is beyond the effect of project activities.

Table 4.14: Reasons for increase/decrease in the production of crops

Others

Percentage of | Percentage
Reasons for increase/decrease in production 2021 of 2013 *
(n=215) (n =430)
Increased supply of water during dredging 49.90 46.05
only
More use of improved seeds and fertilizer 31.50 29.07
18.60 30.70

*Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.
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4.7  Fish productivity

The 4.15 shows that 52% of the fisherman has stated that the volume of fish
production is increased in 2021 which was 30% in 2013. This is an indirect impact of
project activities as the volume of fish production increased due to increase supply of

water during dredging only.

Table 4.15: Information related to fish productivity.

Status of fish productivity Percentage | Percentage
of 2021 of 2013 *
(n =25) (n=50)

Volume of fish production in Gorai River

Has increased 52.0 30.0

Has decreased 48.0 70.0

B. | Reasons for increase/decrease in the production of

fishes.

Increased supply of water during dredging

only 70.0 46.0

At times lesser flow of water in river during

dry season 30.0 54.0

*Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4.8 Navigability of Gorai River

Table 4.16 shows that during dredging about 88% (2013) of Boatman are feeling that
water flow does not remain in Gorai River during dry season but after dredging about
68% (2021) of Boatman feel that water flow does not remain in Gorai River during
dry season. Only 32.0% of the boatman felt that navigability of river increased
slightly due to dredging. However, the water flow in Gorai River depends not only
on dredging but also due to rain and extent of water flow from India during dry

season.
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Table 4.16: Information related to Navigation.

Percentage of | Percentage
Status of Navigation 2021 of 2013 *
(n=25) (n=50)

Whether water flow remains in Gorai River
during dry season? (n = 25)
Yes 32.0 12.0
No 68.0 88.0
If no, how people crossed the river during
dry season
On foot 82.4 92.0
Reasons for crossing the river on foot
River becomes dry and filled with sand 85.7 95.7
Mechanical transport cannot play on dry 14.3 4.3
riverbed
Navigability of river transports in Gorai
River in dry season
Yes 32.0 22.0
No 68.0 88.0

4.9 Cost of River Transport
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*Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

Table 4.17 shows that 88.2% of the sand traders feel that use of transport for carrying

sand is increase in Gorai River during dry season because of more availability of

With respect to cost of river transport, during dry season, it was observed and stated

by people that restoration of Gorai River did not increase the water flow rather it




remained almost same as before the dry season in 2009. So, the movement of water

transport did not improve at all as was expected from project activities.

Table 4.17: Information related to cost of river transport.

Percentage | Percentage
Status of cost of river transport of 2021 of 2013 *
(n=25) (n=50)

B. | Use of transport for carrying sand from Gorai
River during dry season

) 88.2 87.6
Has increased

11.8 12.4
Has decreased

C. | Reasons for increase/decreased use of transport
for carrying sand

More availability of sand- so more need for 90.6 89.41
transports

Improved roads in some places but lack of 9.4 10.59
adequate transports

*Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4.10 Rural Employment

Table 4.18 shows that 56.7% of the farmer said employment opportunity has
increased where 72.9% of the sand traders feel increase in Gorai River during dry
season because of more availability of sand- so more need for transports.

Rural employment increased for some people who are involved in sand
trading/business. But for boatmen and fishermen, employment in dry season
remained almost what was during dry season of 2009. As such their earning and
livelihood have not improved in context to their main occupation. Their income
earning during dry season was from alternative temporary usually came from fish
trading, farming in others land, rickshaw pulling and in construction works in near

towns and cities etc.
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Table 4.18: Information related to Rural Employment.

) Percentage | Percentage
Status of Rural Employment due to dredging
of 2021 of 2013*
A. | Has there been a new employment opportunity
for farmer?
) ) 56.7 43.3
Employment opportunity has increased
_ 24.2 35.5
Employment has remained the same
19.1 21.2
Employment opportunity has decreased
B. | Has sand extraction and transportation created
new employment opportunities?
Employment opportunity has increased 72.9 71.8
Employment has remained the same 20.0 27.1
) 07.1 1.2
Employment opportunity has decreased
C. Employment for boatman due to increased flow
of water during dry season
Employment opportunity has increased 36.0 34.0
) 56.0 54.0
Employment has remained the same
) 08.0 12.0
Employment opportunity has decreased
D. | Has there been a new employment opportunity
for fishermen?
) ) 52.0 50.0
Employment opportunity has increased
_ 28.0 26.0
Employment has remained the same
20.0 24.0
Employment opportunity has decreased

* Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.
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4.10.1 Reasons for increase/decrease in income earning of respondents.

The table 4.19 below describes the major reasons for increased or decreased income
earning of various group of respondents. The project activities did not impact equally
on respondents some were benefited, and some were not at all benefited. It was
almost same as before 2009. Majority of the farmers (51.4%) felt that their income
earning increased due to more flow of water and due to more cropping intensity etc.
And production also hampered due to lesser flow of water in dry although it was
expected that due to dredging the water flow in Gorai would increase. But the
situation was reverse and not what was expected. The fishermen stated that more
fishes were available in the Gorai River due to dredging but when dredging stopped,
the water flow reduced and so also volume of fish production. As such during dry
season, they had to switch to other job for their subsistence. The boatmen had
increased income during dredging when water flow in the river increased and as
such, they could ply their boats more frequently and could earn income. But due to
lesser flow of water in dry season, their income from boating is reduced to zero and
during the dry season they must seek for alternative jobs- such as agriculture
laboring, rickshaw pulling in the district towns and small trading etc.

Gorai River has not much benefited since water flow remains for a short period of
time. The table shows that sand traders were the only respondents who are mostly

benefited due to availability of sand during dry season.

Table 4.19: Reasons for increase/decrease in income earning of respondents.

Percentage | Percentage

Status of income earning of respondents of 2021 of 2013*

Farmers:

More production of crops due to more flow of water

during dredging and embankment. 55.8 51.40
More use of seeds, fertilizer, irrigation etc. 326 558
Others 116 43.02
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Percentage | Percentage
Status of income earning of respondents of 2021 of 2013*
Fishers/fish farmers:
Availability of more fishes due to dredging 48.0 42.0
Less number of fish due to lesser amount of water 28.0 38.0
Others 24.0 20.0
Boatman:
Increased fare for use of boat as transport 20.0 32.0
Less income in dry season due lesser use of boat 28.0 54.0
More income in rainy season due to more use of boat 52.0 36.0
Sand traders/helpers:
More availability of sand in dry season so more income 76.5 72.35
Increased wage and increased supply of workers 14.1 14.71
Others 9.4 12.94

* Source: 2013 data collected from Mid-term Evaluation Report, IMED, 2014.

4,11 Comparison of dredged protective area and dredged non-

protective area:

The study area is divided with respect to Dredge and Non-protective areas. The

comparison between Dredged Protective and Dredged Non-protective are given

below:
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Table 4.20: Comparison of dredged protective area and dredged non-protective area.

Status

Dredged and

Protective area

Dredged and Non-

Protective area

1. Sources of water
I.  Brings water through LLP from Gorai 16% 5%
River
ii. !Brjngg water from GK project for 14% 15%
irrigation
iii.  Other sources 70% 80%
2. Number of crops
i. 1lcrop 18% 42%
Ii. 2crops 32% 38%
iii. 3 crops 50% 20%
3. Status of production
I.  Vol. of production increased 91% 30%
4. Status of Rural Employment
a) Has there been a new employment opportunity for farmer?
I.  Employment opportunity has increased 70% 50%
ii.  Employment has remained the same 20% 30%
iii.  Employment opportunity has decreased 10 % 20%

b) Has sand extraction and transportation created new employment opportunities?
i.  Employment opportunity has increased 80% 70%
ii.  Employment has remained the same 15% 23%
iii.  Employment opportunity has decreased 5% 7%

Employment opportunity has decreased

c) Employment for boatman due to increased flow of water during dry season
i.  Employment opportunity has increased 40% 35%
ii.  Employment has remained the same 50% 55%
iii.  Employment opportunity has decreased 10% 15%

d) Has there been a new employment opportunity for fishermen?

i.  Employment opportunity has increased 60% 50%
ii.  Employment has remained the same 25% 30%
15% 20%
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4.12 Impact Assessment
Most of the development projects produce impacts on or changes in the state of
natural environment. Of which some are positive, and some are negative. Similarly,
some positive and negative impacts have been identified for the effect of dredging in
Gorai River. This impact has been evaluated in terms of quality, seasonality and
socio-economic importance by questionnaire survey.
In this research, among 20 Important Environmental Components (IECs), only 13
components are considered as below:

1. Surface water salinity
Surface water availability
Ground water table
River water quality
Drinking water Availability
Availability of usable domestic water
Employment opportunities

Poverty

© © N o O bk~ 0D

Irrigated area

=
o

. Cropping intensity

|
|

. Crop production

[EEN
N

. Fish production

13. Waterway communication

Evaluation of selected Important Environmental Components (IECs) for dredging of
Gorai River is given below (Table 4.20):
Table 4.21: Impact Matrix

IEC Future Without Future With Project
Project
Surface water salinity No impact (0) Significant beneficial impact
(7)
Surface water | No impact (0) Moderate beneficial impact (6)
availability
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IEC

Future Without
Project

Future With Project

Ground water table

No impact (0)

Insignificant beneficial impact
(+1)

River water quality

Moderate adverse

impact (-5)

Slight beneficial impact (+4)

Drinking water

Availability

Slight adverse impact

(-3)

Slight beneficial impact (+4)

Availability of usable

domestic water

Insignificant adverse

impact (-2)

Moderate beneficial impact
(+6)

Employment

opportunities

Insignificant adverse

impact (-2)

Moderate beneficial impact
(+6)

Poverty Insignificant adverse | Slight beneficial impact (+4)
impact (-1)

Cropping intensity Slight beneficial | Moderate beneficial impact
impact (+3) (+6)

Crop production Slight beneficial | Significant beneficial impact
impact (+3) (+8)

Irrigated Area Slight adverse impact | Significant beneficial impact
(-3) (+8)

Fish Production Slight adverse impact | Significant beneficial impact

(-3)

(+8)

Waterway

communication

Slight adverse impact

(-4)

Moderate beneficial impact
(+6)

Magnitude of positive (+) and negative (-) impacts:

+1 & +2 = Insignificant beneficial impact

+3 & +4 = Slight beneficial impact

+5 & +6 = Moderate beneficial impact

+7 & +8 = Significant beneficial impact

+9 & +10 = Very significant beneficial impact

0 = No impact

-1 & -2 = Insignificant adverse impact
-3 & -4 = Slight adverse impact

-5 & -6 = Moderate adverse impact
-7 & -8 = Significant adverse impact

-9 & -10 = Very significant adverse impact

0 = No impact
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5.1

CHAPTER 5:
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

The main objective of this research was to analyze the post impacts of salinity,

surface and ground water level, irrigation, crop productivity, fish productivity,

navigation, cost of river transport and rural employment and to analyze long term

and short-term impacts of the Gorai River Restoration Projects-I1 in the surroundings

of Gorai River for dredging. In order to achieve this goal, a face-to-face

questionnaire survey was conducted in Kushtia district. About 350 respondents were

selected from three upazilla (Kushtia, Kumarkhali and Khoksha) using a simple

random sampling technique. A conceptual framework was developed, and data were

analyzed using evaluation values of Important Environmental Components (IECs)

and prepare impact matrix. The major findings are sated below:

It is found that, 99% of respondents replied that there is no salinity in Gorai
River after dredging.

As per questionnaire survey, availability of surface water during dry season
has increased as stated by respondents (86%). Average water level in Gorai
River of Phase-1l is 4.48 m which is more than the average water level (4.36
m) of Phase-IIl. It is concluded that the availability of surface water in Gorai
River is increased.

Availability of water in the tube well in dry season has increased as stated by
respondents (91%) of the respondents. From secondary data, ground water
availability in Phase-111 (GWT-8.84m) is increased than the Phase-1l (GWT-
9.12 m).

There are two major sources of irrigation water, surface water and
groundwater. The quality of irrigation water is very much dependent on the
source. As per questionnaire survey, during dredging about 2% of
respondents are using water through LLP from Gorai River but after dredging
about 15% of respondents are use water through LLP from Gorai River. On
the other hand, dependency of irrigation water from other sources is reduced

from 82% to 70%. Moreover, the cost of surface water irrigation is cheaper
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Vi.

Vil.

viii.

than that of groundwater. Due to dredging of Gorai River, the dry season
water flow through the Gorai River would increase. As a result, the overall
irrigated area would be increased in the study area.

Crop production is expected to increase due to increase of surface water
irrigated area, rise of groundwater table, decrease of salinity due to the
increase of upstream flow of Gorai River. From questionnaire survey, farmers
adjoining the Gorai River are converted from 1 crop to 2 or more crops to
produce per year due to more flow of water in Gorai River during dredging as
well as slightly increased level of ground water during dry season. It also,
93.0% of the farmers have stated that volume of production of crops
increased in 2021 when 91.0% of the farmers stated about increased volume
of production in 2013.

52% of the fisherman has stated that the volume of fish production is
increased in 2021 which was 30% in 2013. This is an indirect impact of
project activities as the volume of fish production increased due to increase
supply of water during dredging only.

According to questionnaire survey, during dredging about 88% (2013) of
Boatman feel that water flow does not remain in Gorai River during dry
season but after dredging about 68% (2021) of Boatman feel that water flow
does not remain in Gorai River during dry season. Only 32.0% of the
boatman felt that navigability of river increased slightly due to dredging.
However, the water flow in Gorai River depends not only on dredging but
also due to rain and extent of water flow from India during dry season.

88% of the sand traders feel that use of transport for carrying sand is increase
in Gorai River during dry season because of more availability of sand- so
more need for transports. Only 12.0% of the boatman felt that navigability of
river increased slightly due to dredging. However, the water flow in Gorai
River depends not only on dredging but also due to rain and extent of water
flow from India during dry season.

Rural employment such as farmer (57% of respondents), fisherman (52% of
respondents), boatman (56% of respondents) and sand trader’s (73% of

respondents) has increased than before dredging.
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5.2

Recommendation for Future Study:

The following may be suggested for future study:

This research was conducted only 30 km length of Gorai River. So, it can
also be conducted in full length of Gorai River (199 km) and other river of
southern part of Bangladesh.

Hydrological & Morphological changes in Gorai River due to dredging can
be studied in future.

Since dredging has been going on in the Gorai River for the last few decades,
changes in the directions of the Gorai River have occurred. So, meandering of
Gorai River can be analysed in future.

A study like this can provide clues as to the possible drivers of the
effectiveness and the interventions that may be required by the river
regulation authority to undertake appropriate future developments projects for

the river restoration of Bangladesh.
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Figure A.1: Questionnaires from the beneficiaries such as farmers, fishermen,

boatmen and sand traders
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Figure A.2: Answer from the beneficiaries such as farmers, fishermen, boatmen and

sand traders
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Figure A.3: Questionnaires from the Offices related to the project.
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Figure A.4: Answers from the Offices related to the project.
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s e i b e ot
Y1 Y ) 5 o T SR ST R SR O, TR 3 BT 4 3003200 A0 57 ) 5T T, 90 U A 0
TR 7% VRS T @ TR Y B S R ) R, ) (R8P 13 ey e 9 3¢ ¥ R o1 o N 3 R (0 i
Fere e, B T e e ot e 1 IR 4 ) YO PR o g e o oD e o, o o o i TG
3 GO, woq SRR, 3 BT, e e o, T e o A G 90 3 4 Y R 2 O T o R ) @ e SR R B
THUR ot Yt R S e @ W1 St u, 93 TETT Y VA S TOAE TR 48 AT (O A ey (7R WA 4 QAR TR T
Terwfivel wany SR I

ikl
[ER [ o ‘ w 2
S| g Ty 39 Brebes o A (Discharge) e w9 (R 4R e ¥ 3 el %ﬂ‘ b‘mx&fﬂ \2~ b
3| gt ey 28 Bredre 5oy onf e (Water Level) oframon o @ b o o et woft? ":S\ Gﬂ\z}q'\b“f
of | g e Salinity) oS w @ e e R el vl 1z - I\
8| 7ftem 4R (Rain gouge) *Fretn o @ oo en fe a3t 2‘ MkuL\'\%\V
ol | gftw v Evaporation) TR U (T (0R W ¥ 43¢ ¥l \i\\i bsﬂii"_lq‘\ D\\/)
] ~
o T R ¢ B G
R 259
ccm 7 ..??“ ,
SR oot (73 Skl
YR T 50 R Goparand st
T, o cogna «ift fasna A

BT, (Sgmr, i (

Figure A.6: Answer from the Offices related to the project.
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Figure A.7: Agricultural Information from the Department of Agriculture Extension,
Kushtia.
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[rRFCEE AN BEET @S Bangladesh Water Development Board
Office of the Superintending Engineer
GG STFAT Wew
Processing & Flood Forecasting Circle
TP O FIG CFABIOL FCET 72 Green Road, Dhaka-1205, Bangladesh
qa , #tw cals | vTEI-330@ Phone: +02-9110037, se.pffc@bwdb.gov.bd

Date: 23/06/2021

In voice for the Data to be supplied as

Requested by : SHUNIL KUMAR, SUB-DIVITIONAL ENGINEER,
Directorate of Human Resource Development,, BWDB, Dhaka.
Memo no : Dated: 23/06/2021

Delivery Date:

SL. Nature Total Period Total Rate Amount
No. of Data Station of Data Year/ Amount (Tk.)
Record (Tk.)
Non Tidal 200
1. Monthly Total Stations: 01 Nos. 2009-2020 12 Yrs. T4 2.400.00
Tk./YT.
Water Level
2 Monthly % e ] N = 40
Discharge Total Stations: 01 Nos. 2009-2020 | 143 Rec. TK./Rec. 5,720.00
3. rag " 40
Monthly Salinity | Total Stations: 01 Nos. 2009-2020 73 Rec. Tk./Rec 2,920.00
4. Ground Water 100
T Stati . 0-202
Level T'otal Stations: 01 Nos. 2009-2020 11 Yrs. TRYT. 1,100.00

Sub Total | 12,140.00

Discount for BWDEB Employee (90%) | 10,926.00

Grand Total | 1,214.00

In Word: Taka One Thousand Two Hundred Fourteen Only.

N.B: This Data is not for sell, modify, and transfer to other institute/person without

written permissi of B ladesh Water D loy t Board Authority.
soa'e prs 28
Prepared By: ot . Recommend By:
st
Ve an-l o
fa—6-2) l J'-*l 24
~ Tapael /} A By:
Men..emc":gl"sm'“l. Branch )]
n =rvices Rahman
P'?”N‘r‘z lood Foracasiing Cirels nMd. MU""““‘A‘;_ ot £ YO 202
WDB, Green Road, Dhaka. o .m & s.nnaoo Branc
anagem Forecasting Circle
R R iy we

Figure A.8: Secondary data collected from Processing & Flood Forecasting Circle
(PFFC), BWDB
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Table B1: Types of questions and answer for impact analysis.

Qs Questions Type Answers

No
Questions for everyone: Na Nb Nc

Q1 | Which water do you use for Gorai River | Tube well Others
drinking or cooking?

Q2 | Does the water you use contain Yes No No
salinity? comments

Qs | Are you experiencing any physical Yes No No
discomfort as a result of using salt comments
water?

Qs | As aresult of dredging, is there any Yes No No
salinity in Gorai River water now comments
(2021)?

Qs | Is there any problem in crop Yes No No
production or any other problem comments
due to use of salt water?

Qs | In the dry season, the riverbank Yes No No
residents and cattle bathing for comments
daily necessities, including the use
of the river water is used?

Q7 | Has the amount of water in Gorai Increased | Decreased It is the
River increased during the current same.
(2021) drought season due to
dredging?

Qs | Is water available in tubewells Yes No It is the
during the current dry season? same

Qo | Has there been any environmental Yes No Others
problem while dredging?

Q1o | What do you think of the aquatic More Less Others
mortality rate during dredging?

Q11 | Has there been any difficulty in Breakdown | Keep the Others
dredging? soil

Q12 | What is the problem with the place Living of Others
where dredged soil / sand is kept? movement

Q13 | Is there any contamination during Sound Air Water/Soil
dredging? pollution pollution | pollution

Qus | As aresult of the implementation of | Increased | Decreased Itis the
this project, how is the situation of same.
biodiversity around the river
changing?

Q15 | Are you satisfied with your current Yes No No
job? comments

Qs | Why do you want to change your Gorai River Others No
profession? comments
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Questions for Farmer:

Q17 | Which water is currently used in Gorai River G-K Others
agriculture?

Q18 | At present (2021) how many crops 1 2 3
are produced in the land?

Q1o | At present (2021) the amount of Increased | Decreased It is the
crop production in the land has same.
increased or not?

Q20 | What is the cause of increase / Gorai River Seed / Others
decrease in crop production? Fertilizer

Q21 | Is there any new employment Increased | Decreased Itis the
opportunity for farmers in Gorai same.
River now?

Questions for Fisherman:

Q22 | At present (2021) in the river Gorali Increased | Decreased Itis the
fish production has increased or same.
not?

Q23 | What is the cause of increase / Gorai River Seed / Others
decrease in fish production? Fertilizer

Q24 | Is the water in Gorai River suitable Yes No Others
for aquatic life during the current
dry season?

Q25 | Is there any new employment Increased | Decreased Itis the
opportunity for fishermen in Gorai same.
River now?

Questions for Boatman:

Q26 | Asaresult of the implementation of Yes No Itis the
this project in the current dry same.
season, the river Gorai always has
water?

Q27 | In what way do people cross the In the ferry | On Foot Others
river in the dry season? boat

Q2s | Is the water in the river Gorai Yes No Others
suitable for navigation during the
current dry season?

Q29 | Has the implementation of this Increased | Decreased Itis the
project created job opportunities for same.
boatmen?

Questions for Sand Traders:

Q30 | Has there been any new Increased | Decreased It is the

employment opportunity in same.

dredging sand extraction and
transportation from Gorai River?
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Table B2: Total Number of Perticipants with answer for Impact analyzes.

Sl Questions | Number of Answer Type Comments
No NUsS Perticipants <2
P Numbers of Answer
Na Nb Nc
1 Q1 350 2 347 1 GW is available
2 Q2 350 3 347 0 No Salinity in tube well
3 Qs 350 3 347 0 No harmful for health
4 Q4 350 3 347 0 No disease in water
5 Qs 350 350 0 0 No harmful for agriculture
6 Qs 350 305 45 0 Domestic purposes is
available
7 Q7 350 302 28 20 Water level is increase
8 Qs 350 319 31 0 GW is available
9 Qo 350 250 60 40 No environmental problem
10 Q1o 350 10 310 30 Goods for aquatic flora &
fauna
11 Qu 350 10 300 40 No dredging problem
12 Q12 350 15 305 30 No problems for sand filling
13 Q13 350 40 50 260 Pollution is temporary
14 Qu4 350 270 40 40 Situation of biodiversity is
increase
15 Qs 350 25 275 50 People are wants to change
their occupation
16 Q16 350 30 280 40 Gorai River is not
responsible
17 Q17 215 32 33 150 Irrigated area is increased
18 Qus 215 12 83 120 Cropping intensity is
increased
19 Quo 215 200 10 5 Crop production is increased
20 Q20 215 90 85 40 Seed or Fertilizer use is
increased
21 Qz 215 122 41 52 Farmers opportunities is
increased
22 Q2 25 13 5 7 Fish production is increased
23 Q23 13 9 4 0 Gorai River
24 Q24 25 15 5 5 Goods for aquatic flora &

fauna
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Sl Questions | Number of Answer Type Comments
No NI Perticipants <
Numbers of Answer
Na Np N
25 Qzs 25 9 2 14 Fishermen opportunities is
increased
26 Q2 25 8 17 0 Surface water availability is
less
27 Q7 17 2 15 0 Waterway communication is
not increased
28 Qqs 25 8 17 0 Navigation facilities is not
increased
29 Q29 25 9 2 14 Boatman opportunities is
same as before
30 Q2o 25 17 2 6 Sand traders opportunities is
increased
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