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Feasibility Study for Integrated Water Resources Management in the Arial Khun and Tentulla River Basin

1. Background

A study project named as “Feasibility Study for Basin-wise Water Resources
Management Project of Rivers in Barisal Zone” has been approved by Bangladesh
Planning Commission on 16 May, 2024. Later, The Ministry of Water Resources
approved the project on 28 May, 2024. This study has been included in the above-
mentioned project.

Bangladesh lies in the deltaic deposits of the Ganges-Brahmaputra-Meghna river system,
more commonly known as the Bengal Delta, that forms the largest delta in the world. A
dense river network has crisscrossed this low-lying delta plain before ultimately fall into
the Bay of Bengal in the south. Every year these rivers carry about one trillion cubic
meters of water and one billion tons of sediments. The huge amount of sediment is the
main driving factor behind the dynamic morphological nature of the rivers. Bankline
shifting, erosion and flooding are some of the frequent phenomena that the rivers go
through. The alluvial floodplains of the rivers are prone to erosion as they are composed
of highly unconsolidated and erodible sediments. Monsoon floods associated with severe
riverbank erosion hit the country every year grasping thousands of hectares floodplains.

The Meghna estuary is currently an active delta building estuary of the Ganges-
Brahmaputra delta system. The building process in the delta is continuing, which is
causing the active delta to shift at different locations. The assessment of delta shifting is
mainly based on indicators such as shifting of the delta building estuary, tidal forces,
sediment dispersal process, erosion-accretion process, and also shifting of the direction
of the distributaries, which is now, however, a quantitative assessment.

Arial khan-Tentulia system (Figurel) management is vital for agriculture, navigation,
fisheries, livestock and port facilities. These two rivers are ecologically important, If the
offtake of this river system is properly managed then enough fresh water flow will come
through Arial khan river to the Tentulia river during dry period which will enhance the
fresh water pocket of south-central zone of Bangladesh as well as salinity reduction.
Being situated in the active delta system, riverbank erosion is also very common in
Barisal. In addition to this, climate change-induced natural events, like- cyclones, storm
surges, floods, etc put additional stresses on the hydro-morphological systems.
Considering the existing problems in the Barisal region there is a need of holistic study
considering all sectoral issues in an integrated manner for management of the river
systems in the study area.

Based on the above scenario, a comprehensive study has been undertaken to enhance
fresh water availability of Tentulia river through off take management of Arial khan
river and protect the both banks through a combination of protective measures and
dredging as well as mitigation of flood and navigation problems in an integrated manner.

2. Study Area

The study area consists of Arial Khan-Tentulia river system including its all the
tributaries such as Arial Khan (Kazirhat), Kachikata, Kumar (Lower), Kirtinasha, Torki,
Gopaldi, Nehalganj-Rangmatia etc and all distributaries such as Kumar (Upper), Palrodi,
Bura Gourango, Karkhana, Kopalbera etc. The study area also includes all upazillas
falling under the Arial Khan-Tentulia river catchment that encompass mainly under
Barisal, Faridpur, Madaripur, Patuakhali & Bhola district. Besides, it also focuses on
Polder 44(P), 43/1B, 46, 47/3, 47/4, 47/5, 49, 50/51, 52/53A, 52/53B, 54, 54/A 55/1,
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Feasibility Study for Integrated Water Resources Management in the Arial Khan and Teniulin River Basin

55/2B,55/2D, 55/2F, 55/2G, 55/2H, 55/3, 55/4, 56/57. Brief descriptions of the river
systems but not limited to following are given below:

Arial Khan- Tentulia River Systems

Arial Khan River is a very dynamic river and one of the main south-eastward outlets of
the river Padma. The river flows through Faridpur and Madaripur districts before falling
into the Tentulia at the northeastern corner of Barisal. It is a tide dominated river and has
navigation problem throughout the year. The normal range of tides at Madaripur is
0.32m. Total length of the river is 160 km (Source: Banglapedia: National Encyclopedia
of Bangladesh)). On its way, the Arial Khan maintains its link with the Padma through a
number of streams and canals or khals such as the Naria, Palang, Moynakata,
Bhubaneshwar, Kumar Kailar and Nayabhangi. The river maintains a meander channel
through its course and is erosional in nature. A number of settlements have already been
destroyed due to severe riverbank erosion and the process is continuing. Madaripur town
now faces the threat of erosion. As it is a dynamic river it creates huge bank erosion over
the year and causes sufferings to the local people. To augment the fresh water
availability, the restoration of Arial khan river is essential.

Tentulia river is morphologically very dynamic and there are many submergible chars
which are moving over the years which cause devastating erosion at different locations
of this river as well as hamper navigation and port facilities. The severe river erosion
threatens the dikes of polder and loss of productive land and infrastructure. The dikes
along the perimeter of Polder 56/57, 55/1, 55/2 D,52-53B, 50/51, and 49 protected the
land from flooding and against cyclonic storm surges. Now a day’s river bank erosion of
Tentulia River causes enormous sufferings to the people in this area. Around 256 km? of
Bhola (19.59% of Bhola) experienced river erosion during 1972-2020. Considering all
these facts, Bangladesh Water Development Board (BWDB) has implemented protective
measures for managing river bank erosion at a number of locations along the river
considering individual protective measures or project. With more than 5.5 million
inhabitants, this basin is continuously facing major environmental, drainage, flood,
navigation, port facilities and poverty problems. Since its construction, the embankment
of polder 56/57 eroded several times. At present, bank erosion of Tentulia river caused
embankment failure of Polder 56/57, regulator, Bazar, RCC roads, mills, Mosque, and
many infrastructures were devoured by the river. Moreover, many infrastructures, roads
and launch terminal, port facilities are in vulnerable situation.

A map showing the tentative study areas is presented in Figure 1.
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Figure I: Study Area

3. Objectives

The overall objective of the study focuses on comprehensive short and long-term plan for
Integrated Water Resources Management {(IWRM) of Arial Khan and Tentulia River basin
considering River, flood, erosion, sedimentation, polders, in-polders water and estuary
management along with other relevant issues. The study also includes comprehensive
assessment of the technical feasibility, environmental sustainability, socially acceptability
and economic viability for the formulation of proposed development projects relevant to the
study area. The specific objectives of the study but not limited to the following are:
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Feasilitity Stedy for Integrated Weter Resotrces Management in the Arial Khan and Tentulia River Rasin

Hydrological and Movphological Model Study

To analyze the prevailing problems (i.e. erosion, flooding, sedimentation, bed level
rise, salt water intrusion, drainage congestion and tidal action including cyclonic
storm surge etc. from water resources management perspectives) and underlying
causes within the basin of the study area including rivers and its tributaries/
distributaries/ khals considering existing projects ;

To prepare a holistic and integrated plan combining nature-based solution for
improved water resource, river, erosion, sedimentation, polders, in-polder water and
estuary management of the study area including rivers and their
tributaries/distributaries/khals/small rivers etc. considering future land use pattern,
climate change and sea level rise;

Devise detailed plan and options for offtake management of Arial khan river to

~restore dry season flow and fresh water flow enhancement round the year to

downstream of the project area at present condition as well as climate change
conditions;

Understand the dynamics of estuary in the project area, and developing options for

sustainable management of river and estuary and land reclamation ;

To identify the required short and long term interventions in a holistic approach
including tributaries/distributaries;

To prepare detail design of proposed interventions such as embankment, river/khal
dredging with dredged material management plan, protective works, water and
drainage management structures, etc.;

To estimate the detail cost of the project including economic and financial analysis to
acquire the extended project outcomes.

Environmental and Social Impact Study

To conduct a detailed Environmental and Social Impact Assessment (ESIA) for
outcomes of technical study’s interventions and prepare an Environmental
Management Plan & Social Action Plan;

To prepare a plan for protection of accreted land by nature-based interventions;

To prepare required Resettlement Action Plan (RAP) and Land Acquisition Plan
(LAP)

To prepare biodiversity conservation; ecological restoration and afforestation plan of
the study area;

To assess the project with respect to Environmental Sustainability, Climate Resilience .
-and Disaster Risk and find the ways for reducing/mitigating negative impacts.

4. Scope of Work
The Scope of Work of the study but not limited to the following are:

Hydrological and Morphological Model Study

Data collection, survey and analysis.

Collect and review of relevant available study reports, data, satellite images, maps,
information etc;

Synchronize all the relevant past and present projects and also collect the information
of on-going development activities;
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Feasibifity Study for Integrated Water Resonrces Management in the Arvial Khan and Tentulia River Basin

Collection of sccondary data on tide, current, sediment, discharge, wave and satellite
imageries and finding data gaps;

Necessary soil boring and data analysis (SPT, ¢, ®, liquidity iimit, plasticity limit,
d50 and other data related to study) for the design of proposed interventions;
Reviewing the existing flooding and drainage conditions of the River basin;

Field visit, reconnaissance survey and consultation with local people about the
sedimentation problem, storm surge height, inundation area, erosion-deposition
pattern etc.;

Revisiting the ongoing bank protection works, embankment re-sectioning, re-
excavation/dredging activities in the internal khals and optimizing all these activities
considering overall drainage improvement of the area,;

Field Dbathymetric survey, survey to collect data including river/
tributaries/distributaries/khals/small rivers cross section, embankment section, polder
topography, water level, discharge and sediment concentration;

Preparation of an inventory of embankments, polders, regulators, bridges, culverts,
and other water control structures with the present condition of the river systems;

Historical tidal data analysis in order to know the tidal range for different period,
seasonal variation, maximum and minimum water level etc.;

Establishment of climate change projection including sea level rise, changes in
precipitation and cyclonic wind speed;

Frequency analysis of time series rainfall for selecting design rainfall event.

Assessment of hydro-morphologic characteristics and model development:

Identify the prevailing problems of river sedimentation, erosion, conveyance
capacity, flooding, inundation, storm surge etc.;

Assessment of existing hydraulic structures in the study area to present overall
scenario whether they should be rehabilitated or not;

Development of Hydrological and polder drainage model to assess the drainage
condition and its improvement;

Development of hydrodynamic and Morphological model to assess and
characterization of present hydro-morphological conditions such as sedimentation,
erosion, re-siltation etc of the rlver/ tributaries/distributaries/khals/small rivers of the
study area; :

Development of hydrodynamic model for the study area to establish the baseline
hydrological condition;

Development of storm surge and wave model due to cyclonic wind for ascertain the
storm surge level and wave height in establishing the crest level of the embankment;

Assess the vulnerability of storm surge, wave, flooding, erosion etc. considering
climate change and sea level rise;

Simulation of cycloﬁic storm surge events, preparation of storm surge risk map in the
study area as well planning of erosion protection and land development measures

from storm surge;



Feasibility Study for Integrated Water Resources Management.in the Arial Khan and Tentulia River Basin

Salinity modelling to understand the salinity dynamics and salinity intrusion in the
changing climate and sea level rise, preparation of isohaline map for different salinity
level; - ' C ' '

Identification of reasons behind etosions and sedimentation based on the analysis of
data and model results;

Assess the impact between tide and upstream hydrological flow with the help of the
developed models;

Assess the effect of tide on the hydrological and morphological characteristics of the
river;

Assessment of erosion vulnerability of the existing embankment; -

Assessment of e-flow requirement of Arial Khan-Tentulia River system including
tributaries and distributaries and ecosystem obtained from these rivers;

Assessment of climate change, soil subsidence and sea level rise (SLR) impacts on
the selected option.

Option development, Planning and designing:

Devise potential options for improved water resource management plan considering
technical aspects and in consultation with BWDB and local stakeholders; |

Assess the effectiveness of different interventions through simulation of scenario
using mathematical model;

Planning and design of river, erosion, sedimentation and flood management
measures in an integrated way;

Preparation of flood inundation map (1 Day, 2 Day & 5 Day), contour map for both
bathymetry and topography and flow map;

Prepare a plan for strengthening of existing river training works, embankment/
polders within the project area along with in-polder water management plan;

Determine the dredging requirement of rivers in consideration with diversion of
water flow, backfilling rate, decrease of current speed and erosion vulnerability
applying mathematical model and Dredged material management plan with location,
area and volume of deposition;

Assessment of the impact of dredging/ excavation volume of rivers and khals;

Selection of alternative alignments for dredging for erosion and flood management
and navigation based on bathymetric data, field measurements, model results on
current speed and direction,

Assessment of environmental flow of the Arial Khan-Tentulia river;
Assessment of re-siltation rate in the rivers; '

Devise a plan for drainage improvement of the study area including excavation of
khal, dredging in peripheral rivers, remodelling of water control structures etc.
considering sea level rise and changed rainfall pattern due to climate change;

Planning and detail design and drawing of the proposed interventions such as
rehabilitation of embankment, riverbank protection works, water management
structures dredging/re-excavation etc.
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Feasibility Study for Infegrated Water Resources Management int the Avial Kian and Tentalla River Basin

Devise plan and design for Polders rehabilitation with in-polder water management
in each polders mentioned in the study area and propose alternative designs instead
of conventional design for embankment, structures etc;

Incorporating the Delta Appraisal Framework (DAF) to align with the goals of BDP
2100 and principles of Adaptive Delta Management (ADM)

Economic and Financial Analysis

Preparation of cost estimate of the project works as per DPP format on the basis of
recent actual schedule of rates;

Estimation of Benefits to be derived after implementation of the proposed project;

Estimation of BCR, EIRR, NPV of each planning option based on the with and
without project situation '

Detailed financial and economic analysis.

Environmental and Social Impact Assessment

Establishment of physical, environmental and social baseline condition;

Selection of valued environmental and social components impacted by the existing
and proposed interventions in the project area,

_Identi'ﬁcation of important ecosystem (land/aquatic) and measures for

conservation/restoring of the ecosystem of the study area,

Social Impact Assessment (SIA) study due to implementation of the project
interventions;

Assessment of future development of agriculture, fisheries, navigation, urbanization
etc. '

Assessment of land acquisition for establishing/restoration of rivers and preparing
LAP & RAP;

Formulation of options for the development of fisheries production capacity;
Environmental Impact Assessment (EIA) study of the proposed interventions;
Environmental Management & Monitoring Plan;

Preparation of enviroﬂmental enhancement and conservation plah;
Preparation of bio-diversity conservation plan;

Preparation of approval of ESIA ToR from DoE and prepare reports based on ToR of
DoE and take necessary measures to collect Environmental Clearance Certificate
from DoE;

Using the DAF tool to assess potential environmental and socio- economic impacts
under present and future climate change and socio-economic uncertainties including
demographic changes.

Dissemination of the study results to all stakeholders by arranging workshops;

Preparation of ESIA study reports.
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Feasibifity Study for Integrated Water Resources Mmtagemenr In the Arial Khan and Tentulia River Basin

Prcyect Assessment wu‘k respect to Envzronmental Sustainability, Clzmate Resilience, and
Disaster Risk Analysis :

Assessment of environmental, disasters and climate change 1mpacts or risk from the
prOJects ‘ '

Disasters Impact Assessment (DIA);
Planmng the counter measures to reduce/mitigate these negative impacts;
Determination of costs for reducmg/m1t1gatmg the negative impacts;

Flndmg altematwe ways of the project deliverables w1thout incurring these
environmental costs;

Selecting contingency plan for emergency disaster managemeht'

Determination of the rehablhtatlon period after, remaining risks and adequate risk
reduction measures.

5. Expected Outputs and Outcome

Outputs

The Specific details of expected outputs are indicated below:

Baseline hydrodynam1c and morphologlcal COIldlthI‘lS,
Contour map for both topography and bathymetry, ﬂow map and mundatxon map;

Comprehensive short and long-term plan for -Integrated Water Resources
Management (TIWRM) of Arial Khan and Tentulia River basin considering River,
flood, erosion, sedimentation, polders, in-polders water and estuary management
along with other relevant issues;

Offtake management plan for Arial khan river to restore dry season flow and fresh
water flow enhancement round the year to downstream -

Lists of interventions on short and long term for integrated water resource
management, river, erosion, sedimentation, polders, in-polders water and estuary
management

Type, Location, length, volume and alignment of river reaches for embankment,
river/khal dredging with dredged material management plan and dredging volume ,
protective works, water and drainage management structures, etc.;

River, water, erosion and flood management plan with proposed maintenance
program;

E-flow requirement assessment of Arial-Khan-Tentulia river system including
tributaries and distributaries and ecosystem obtained from these rivers;

Polders rehabilitation with in-polder water management plan in each polders

Suggestive measures for drainage improvement of structures considering the
restoration of interconnecting tinks with rivers/khals etc;

Detailed design of proposed interventions.
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Fensibility Study for Tntegrated Water Resources Management in the Avial Ko and Tentulin River Basin

Socio-economic baseline condition of the Project and detail ESIA of proposed
interventions;
Environmental Management Plan (EMP) which should include:

» Mitigation Measures

# Enhancement Plan

» Compensation Plan and

» Monitoring.

Approval of ESTA ToR from DoE and prepare reports based on ToR of DoE and take
necessary measures to collect Environmental Clearance Certificate from DoE;

Resettlement action plan (RAP) and Land Acquisition Plan (LAP);

Biodiversity conservation; ecological restoration and afforestation plan of the study
area

Assessment report with respect to Environmental Sustainability, Climate Resilience
and Disaster Risk and ways for reducing/mitigating negative impacts;

Investment cost with year-wise break-up as per DPP requirement;

Costing with phasing and economic analysis considering agriculture, industry,
fisheries, shipping, and city development/urbanization sector for the forecasting year
2041 and to achieve Sustainable Development Goals (SDGs) and implement
Bangladesh Delta Plan (BDP)-2100. '

Project implementation plan.
Workshop

Reports (Prescribed Feasibility study report format of Planning Commission by
following the indicators of DAF)

Outcome

Comprehensive Short and long-term plan for Integrated Water Resources Management (IWRM)
of Arial Khan and Tentulia River basin along with feasibility study for DPP preparation.

6. Duration of the Services and Reporting

The study would be carried out within 15 (Fifteen) months from the date of signing the
contract. The schedule of submission of deliverables is as follows: '

Inception Report, 20 copies - At the last week of 2™ month

2 Progress Report-10 copies At the last week of 4™ month
3 | Interim Report, 20 copies At the last week of 6" month

Xa@)%""” o G
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Feasibility Study for Integrated Water Resources Management in the Ariel Kian and Tentulie River Basin

4 | Progress Report-10 copies _ _ | At the last week of 8% month

5 Progress Report-10 copies ‘ At the last week of 10" month

Draft Final Report, 20 copies
(Along with detailed design vetted from
concerned BWDB Design Circle and ESIA

report in separate volume)
: At the last week of 12" month

Detailed  guideline  of  climate-resilient
infrastructures design and other deliverables
would be submitted after prior approval from the
concerned Design offices of BWDB

At ‘the last week of the 14™

7 | Final Report 30 copi
mmal Repo copies month

N.B. Hard and Soft copies (in a portable hard drive) of all the reports, presentations, data,
cross-sections, long profile, documents, kml file, shape file, model setup etc. have to be
submitted and must be handed over to BWDB, Data and reports will be copyright property of
BWDB. No part of this report may be reproduced, distributed, or transmitted in any form or
by any means, including photocopying, recording, or other electronic or mechanical methods
without the prior written permission of BWDB.

The Project Director of this project would be representing BWDB and receiving all the
deliverables mentioned above. Review meetings with participation of concerned Planning,
Design and Field level officials of BWDB would be held on Inception, Interim and Draft
Final Reports. The office of the Project Director would communicate with other line
departments and all concerned for consultation, sharing of ideas and to discuss the findings as
well as disputes also.

7. Dissemination of Study Results
»  Workshop and consultation meetings for disseminating the study results to relevant
stakeholders;

o Preparation of Inception Report, Interim, Draft Final and Final feasibility study
report according planning commission format compiling the technical, social,
environmental and economic aspects;

8. Seminar/Conference/Workshop

The consultant will arrange 1 (one) extended consultation workshop in the study area after
the submission of Draft Final Report. Goal of arranging these workshops is to disseminate the
study results among stakeholders, different government and mon-government officials

L oL e e
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Feasibility Study for Integrated Water Resenrces Management in the Ariel Khan and Tentulia River Buasin

working m water and social sector, local administration, intellectuals, thinkers,
representatives from development partners etc. The PD office of this project shall provide
necessary support to arrange the workshops.

9. Key Personnel and Qualification
9.1 Key personnel

It is estimated that to carry out the study requires 72 Man-months. The composition of the
team and their man-months is given below.

Sl No Professionals No. of Month | Man-
professionals month -

1 2 3 4 5
Team leader (Senior Water

1 . 1 6 6
Resources Engineer)

2 Watqr apd Flood Management 1 4 4
Specialist

3 River Engineer 1 4 4
Coastal ,

4 Morphologist/Morphological 1 4 4
Modeler
Hydrological and Hydro-Dynamic

5 1 4 4
Modeler

6 Senior Design Engineer | 5 5

7 Design Engineer | 5 5

8 Economist 1 3 3

9 Environmentalist 1 3 3
Disaster Management and Climate

10 . 1 3 3
change Specialist

11 Sociologist 1 4 4

12 Fisheries Specialist 1 3 3

13 Agriculturist 1 2 2

14 GIS and Remote Sensing Analyst 2 2 4

15 Survey Specialist 1 2 2

16 Field Researcher/Junior Engineer 4 4 16

Total 20 72

9.2 Qualifications, Experience and Task of the key personnel

Disciplines Qualification and tasks
1. r;‘;am l;;ader (Senior He/She should have Bachelor degree in Civil/Water
at.er esources Resources Engineering with 20 years or more professional
Engineer)

experiences including 15 years’ experience in projects

L Aqg e
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Feasibility Study for Integrated Water Resources Management in'n‘re Arial Khan and Tentulin River Bdsin

Disciplines

Qualification and tasks

involving erosion management, water resources management
and Planning, tidal hydraulics, polder rehabilitation with in-
polder water management, coastal morphology, dredging
projects and field execution and leading of such projects.
Distinct experience in leading the team as a team leader or’
deputy team leader in this kind of projects will be considered
as an added advantage. Higher degree in trelevant field is
preferred. S

Tasks:

Major responsibilities shall include but not necessarily be
limited to the following:

¢ Guide and supervise the study team in carrying out the
study programme; | -

e Responsible for making a comprehensive water
management plan of the study area

e Review the available reports on erosion problemy and
potential solution to improve erosion vulnerability of the
river basin of the study area;

¢ Responsible for formulation of specifications and
strategy for data collection and processing and planning
of improvement measures;

e Analyse the tidal dynamics and morphological
conditions; .

e Carry out overall co-ordination and top supervision of
" the different study activities and maintain close liaison
with the client;

e Development of different dredging plan and assessment
of effectiveness for identification of area to be dredged
for river and erosion management; |

¢ Development of monitoring plan for quality control of
the dredging and its performance;

o Responsible for preparing erosion management, dredging
and drainage improvement plan;

e Supervise dredged material management plan and
resettlement action plan if required;

* Supervise the EIA and SIA of the proposed
interventions;

e Prepare project implementation plan;

» Organise interaction meetings with local stakeholders

L A-g
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Feastbility Study for Integrated Water Resonrces Management in the Arial Khan and Tentulia River Bosin

Disciplines

Qualification and tasks

and BWDB officials and workshop to disseminate study
results.

e Responsible to supervise the Inception, Interim,
Progress, Draft Final and Final reports along with other
documentation. ‘

* Disseminate monitoring results to all stakeholders.

2. Water and Flood
Management Specialist

He/She should have Bachelor degree in Civil/Water
Resources Engineering with 15 years or more professional
experiences including 12 years’ experience in projects
involving flood & erosion management, water resources
management and Planning, tidal hydraulics, polder
rehabilitation with in-polder water management, coastal
morphology, dredging projects and field execution of such
project. Higher degree in relevant field is preferred.

Tasks:

Major responsibilities shall include but not necessarily be
limited to the following: '

e Responsible for making a comprehensive water and
flood management plan;

e Responsible for preparing erosion management, dredging
and drainage improvement plan;

e Supervise the entire formulation of specifications and
strategy for data collection and processing and planning
of improvement measures;

o Give effective inputs to the modelling activities to be
done by the modelers and use the modelling outputs to
prepare interventions plan;

¢ Responsible to prepare the flood management part of the
Inception, Interim, Draft Final and Final reports;

¢ Disseminate monitoring results to all stakeholders;

e Organise interaction meetingsr with local stakeholders
and BWDB officials and workshop to disseminate study
results.

3. River Engineer

He/She should have Bachelor degree in Civil/Water
Resources Engineering/ River Engineering with 15 years or
more -professional experiences including 12 years’
experience in projects involving erosion management, river
morphology, tidal hydraulics, dredging projects and field
execution of such project. Higher degree in relevant field is

L o f
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Disciplines

Qualification and tasks

preferred.
Tasks:

Major responsibilities shall include but not necessarily be
limited to the following: .

e Responsible for making a comprehensive river
management plan

e Responsible for formulation of specifications and
strategy for data collection and processing and planning
of improvement measures;

¢ Responsible for making a comprehensive offtake
management plan for Arial Khan river,

o Devising of the dredging requirements on the basis of the
recent bathymetry of the channel and the design criteria
of the navigation channel; '

s Give effective inputs to the modelling activities to be
done by the modelers and use the modelling outputs to
prepare interventions plan;

o Development of different dredging plan and assessment
of effectiveness for identification of area to be dredged
for erosion management and navigability;

o Selection of the dredged material disposal methodology
and location so that the dredging activities does not
affect the environment and ensure beneficial use of the
dredge materials;

¢ Responsible for preparing erosion management, dredging
and drainage improvement plan;

e Development of monitoring plan for quality control of
the dredging and its performance;

e Organise interaction meetings with local stakeholders
and BWDB officials and workshop to disseminate study
results.

e Responsible to prepare and contribute in the Inception,
Interim, Draft Final and Final reports.

¢ Disseminate monitoring results to all stakeholders.

4. Coastal Morphologist/
Morphological
Modeller

He/She should have Bachelor degree in Civil
Engineering/Water Resources Engineering having 15 years
or more professional experiences including 12 years’
experience in the field of river, estuarine and coastal

b ]
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Disciplines

Qualification and tasks

morphology & hydraulics, numerical modeling and erosion
projects, Higher degree in relevant field is preferred.

Tasks:

Major responsibilities shall include but not necessarily be
limited to the following:

o Identify the present morphological process in tidal
environment and erosion-deposition pattern of the project
area;

* Develop morphological/sediment transport/mud transport
model ;

o Establish baseline morphological behaviour based on
model result and available data;

e Assess the capital dredging;

* Assess the backfilling rate and maintenance dredging in
the channel;

e Assess the effect of tide on the hydrological and
morphological characteristics of the river;

* Analyse and optimise the dredging channel,

¢ Contribute to prepare the report of the study and
workshop materials;

e Attend meeting as when required

5. Hydrological and
Hydro-Dynamic
Modeler

He/She should have Bachelor degree in Civil/Water
Resources Engineering with 15 years professional
experiences or more including 12 years’ experience in the
field of hydrological and hydrodynamic model development;
tidal action, cyclone and storm surge modelling. Previous
expetience in a similar work and environment (erosion-
accretion of char-lands, estuary development, coastal polders
and land reclamation etc) is preferred.

Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following:

¢ Recognizing and assessing hydrological and hydraulic
data need with their specifications, and making
arrangement for their collection;

e Assess the impact between tide and upstream

L

hydrological flow with the help of the developed models;

- o X

17 i




Feasibility Stndy for Integrated Water Resontrees Management in the Ariaf Khan and Temtulia River Basin

Disciplines

Qualification and tasks

e Planning and advising concerned professional on
database development, data correction and data analysis
for the model; '

o Developing, updating, calibrating, validating and
simulating tidal scenarios in a model;

e Developing, updating, calibrating, validating and
simulating cyclone and storm surge scenarios in a model;

¢ Ascertaining 'design paramefers for bank erosmn
embankment flood management structures etc;

o Making overall interpretation of flow pattern and their
implications on the development of proposed project;

e Advising survey team '_regar'ding Survey activities,
measurements, installation of hydrometric stations in
accordance with the need of this particular study;

* Guiding the junior modellers and engineers;
o Attend meeting as and when required;

o (Contribute in preparing the report of the study and
- workshop materials

6. Senior Design Engineer

He/She should have Bachelor degree in Civil Engineering/
Water Resources Engineering with 15 years professional
experiences or more including 12 years’ experience in
designing of different types of hydraulic structures in coastal
area, river management infrastructures and polder and in-
polder water resources management structures design in
water sector related projects along with expertise on software
related to hydraulic structure de51gn ngher degree in
relevant field is preferred. ‘

Tasks:

His/her major responsibilities shall include but not.
necessarily be limited to the following:

o Collaborate with team leader .for making a
comprehensive water management plan

o Supervise detail design of protective works,
embankment, polders, slope protection, water resources
management structures (drainage cum flushing
structures, drainage structures, flushing structures,
culvert/bridge etc), river dredging, other water control
structures etc; |

£ Ao
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Disciplines

Qualification and tasks

e Identify the locations of sub soil investigation for
proposed infrastructures;

e Establish design parameters for relevant infrastructures
considering the impacts of climate change and sea level
rise;

o Design of various types of hydraulic Structures;

e Design of river bank protection work, embankment and
other ancillary structures (if required)

e Estimation of cost for the proposed structures

¢ Responsible for preparation of design related parts of
different reports as required for the proposed study .

e Attending meeting as and when required,

¢ Any and all other works necessary for proper study .

7. Design Engineer

He/She should have Bachelor degree in Civil Engineering/
Water Resources Engineering, having 12 years professional
experiences or more including 08 years’ experience in
designing of different types of hydraulic structures in coastal
area, river management infrastructures and polder and in-
polder water management structures design in water sector
related projects along with expertise on software related to
hydraulic structure design. Higher degree in relevant field is
preferred,

Tasks:

His/her major responsibilities shall include but not

necessarily be limited to the following:

e [Lstablish design criteria using different design
guidelines; '

¢ Identify the locations of sub soil investigation for
proposed infrastructures;

¢ Designing of alternative protective measures;
e Develop design specifications and dré.wing;
s Cost estimate of different protective measures;

s Prepare detail design of protective works, embankment,
polders, slope protection, water resources management
structures (drainage cum flushing structures, drainage
structures, flushing structures, culvert/bridge etc), river

dredging, other water control structures etc;
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Disciplines

Qualification and tasks

¢ Analysis of soil-boring & other geological survey results;

e Collaborate with Team Leader and Senior Design
Engineer;

¢ Contribute in report writing; and

o Assist the team leader in coordinating the study

8. Environmentalist

He/She should have Master’s in Environmental Engineering/
Environmental Science/ Geography or Bachelors in Civil
Engineering/ Water Resources Engineering or relevant field
having 15 years professional experiences or more including
12 years’ experience in the field of environmental studies
including ETA and water resources management projects.
Higher degree in relevant field is preferred.

Tasks:

His/her major responsibilities shall include but not

necessarily be limited to the following:

e Review the existing environmental policies and
guidelines;

e Establishment of environmental baseline condition of the
study area,

* Preparation of Environmental data collection plan;
o (Carryout environmental survey;

e Prepare an inventory of present environmental situation
and carry out Environmental Impact Assessment (EIA)
of the proposed interventions;

o Preparation of approval of ESIA ToR from DoE and
prepare reports based on ToR of DoE and take necessary
measures to collect Environmental Clearance Certificate
from DoE;

e Preparation of bio-diversity conservation plan;

e Describe breeding/ spawning behaviours and migratory
patterns of terrestrial fauna;

o Identification of terrestrial habitat types and wildlife;

e Preparation of Environmental Management and
Monitoring Plan (EMP),

e Preparation of environmental enhancement and
conservation plan;

£ A
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Disciplines

Quaiification and tasks
e Attend meeting when required,
¢ Co-ordinate activities & assist the technical Team,;

* Any other assignment given by the Team Leader.

9. Disaster Management
and Climate change
Specialist

He/She should have Master’s in Disaster Management or
Bachelor degree in Civil /Water Resources Engineering with
12 years professional experiences or more including 8 years’
experience in assessment of hazards, risks and vulnerabilities
of disasters considering climate change in water resources
sector. Higher degree in relevant field is preferred.

Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following:

e Review and analyse relevant policies and related
documents regarding climate change, disaster risk
reduction and other related developments dynamics
especially which will impact on delivery of the projects;

o Assessing water related climate risks in the water
resources management systems;

¢ Disaster Impact Assessment (DIA);

e Creating enabling environment for climate risk-informed
integrated  water  resources management and
development;

» Contribute fo risk managements of the project by close
monitoring and provide technical advice to mitigate the
risks and/or inform corrective actions;

o Assessment of salinity at present, project and climate
change conditions;

» Contribute in preparing the report of the study and
presentation materials,

e Attend meetings with the client, contractor and other
stakeholders as and when required;

e Assist Team Leader and keep updating regarding
progress on dredging activities and related issues.

10. Sociologist

He/She should have Master’s degree in Sociology/ Social
Science from a recognised University with 12 years
professional experiences or more including 8 vyears’
experience in SIA, sociological activities & field survey, i.c.,
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Disciplines

Qualification and tasks

interaction with the stakeholders, holding Focus Group _
Discussion (FGD), Target Group Discussion (TGD) and
work-shops/seminars at field level to find out the desired

| goal of the study and to disseminate the results of the study

Higher degree in relevant ﬁeld is preferred.
Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following: -

o Field visit and understand the socio-economy of the
study area;

¢ Design socio-economic survey tools and methodology;

o Conduct focus group discussions (FGD), public
consultation and Key Informant Interview (KII) for
collecting primary data on social condition, cultural
values, etc; '

e Collect and analyse social baseline data;

¢ TFind out the conflicting issues, conduct motivational
works among the stakeholders against any negative issue
and to suggest mitigation measures;

¢ Collecting, Analysing and interpreting the data on CS/RS
map;

¢ Demarcation of the -required land -acquisition area on
CS/RS map;

e Formulate a Land - Acqulsltlon Plan (LAP)for prOJect
components;

e To prepare Resettlement Action Plan (RAP) considering
social safeguard, livelihood, peoples’ participation etc;
» Assess social impacts, suggest mitigation measures due
. to the proposed project;
o Responsible for preparing the STA report of the study;

o To assist the study team in holding seminars, workshops;

11. Fisheries Specialist

He/She should have Master’s degree in Fisheries Science/
Zoology with 12 years professional experiences or more
including 8 years’ experience in field survey, evaluation of
fisheries benefits of a project between pre & post project
condition by introducing improved fisheries Activities.
Higher degree in relevant field is preferred.

Tasks: {
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Disciplines Qualification and tasks

His/her major responsibilities shall include but not

necessarily be limited to the following:

s Analysis of the existing conditions of the fisheries
practices and production;

o Suggest for improved fish culture method with respect to
time and land and formulate future fishery development
plan in the project area;

e Evaluate the fisheries benefits after post ‘project
condition;

o Identify impacts on ecology and ecosystem and suggest
appropriate mitigation measures;

o Describe breeding/ spawning behaviours and migratory
patterns of aquatic fauna;

¢ Identification of aquatic habitat types;

» Prepare inventory of atluatic lives;

o (Carry impact study and suggest mitigation measures due
to proposed project;

e Assess the Fishery benefit derived from the project
interventions;

e To assist the study team in holding seminars, workshops;

» To assist the study team in preparation of maps for
workshops and reports etc and development of database
software.

o Contribute in the ESIA and other relevant report
preparation,; '

12. Agriculturist

He/She should have Masters degree in Agriculture / Crop
Science with 12 years professional experiences or more
including 8 years’ ‘experience in field survey, evaluation of
agricultural benefits of a project between pre-& post project
condition by infroducing improved agricultural practices.
Higher degree in relevant field is preferred.

Tasks:

His/her = major responsibilities shall include but mnot
necessarily be limited to the following:

¢ Analysis of the existing conditions of the agricultural
practices and production;

o Analyse the potential for new and improved cultivation
- practises in the study area;

ed
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Disciplines

Qualification and tasks

* Suggest for improved agricultural method with respect
to time, land, cropping pattern, cropping inputs &
agricultural practices;

e Design crop calendar, cropi)ing pattern and crop
efficiency;

e Evaluate the agricultural bene_ﬁts after post project
condition and contribute to economic analysis to be
done by the Economist;

e To assist the study team in holding seminars,
workshops;

¢ To assist the study team in preparation of maps for
workshops and reports etc and development of database
software.

o Contribute in the ESTA and other relevant report
" preparation;

13. Economist

He/She should have Master’s degree in economics with 12
vears professional experiences or more including 8 years’
experience in collection, computation & analysis, evaluation
of flood management, drainage & irrigation project. Higher
degree in relevant field is preferred.

Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following:

» Collect, compute analyse and evaluate the agro-socio-
economic data of the project;

e Identify all costs and benefit based on engineering,
economic, social analysis inchiding with and without
project scenario;

e FElaboration of the feasibility level cost estimates,
contingency amounts, detailed price escalation estimates
on the expected implementation schedule;

¢ Calculate BCR,NPV, ,EIRR of the project;

e Perform the economic and financial analysis of the
proposed intervention in order to assess the economic
and financial feasibility;

» Assessment of costs arising out of mitigation measures |-
(or external dis-benefits);

+ Conclusion of socio-economic viability of each planning
option and the project as a whole;

24 )




Feasibility Sendy for Integrated Water Resources Management in the Arial Khan and Tentulia River Basin

Disciplines

Qualification and tasks

e Prepare annual expenditure schedule;

» Ahy and all other works necessary for proper study.

14. GIS and Remote
Sensing Analyst

He/She should have Bachelor degree in Civil
Engineering/Water Resources Engineering/Urban and Rural
Planning/Masters’ degree in Geography with 12 years
professional experiences or more including 8 years’
experience in preparing GIS coverage; GIS Maps, Digital
Elevation Models etc. Higher degree in relevant field is
preferred.

Tasks:

His/her fnajor responsibilities shall include but not
necessarily be limited to the following:

o Collect previous GIS maps in the study area and analyse
the previous conditions;

® Preparation of all types of GIS based maps including
data collection, required maps for modelling, analysis
results of project area and difference maps of bed
topography;

o Preparation of study/basin area maps with all the
relevant features;

e Preparation of project map showing existing and
proposed infrastructures;

e Preparation of maps for workshops and Reports as
suggested,;

o Assist the Study Team.

15. Survey Specialist

He/She should have Bachelor Degree in Civil
Engineering/Water Resources Engineering with 12 years
professional experiences or more including 8 vyears’
experience in hydrographic, topographic and hydrometric
survey and knowledge on using DGPS, RTK, ADCP,
Drone, Hydro-pro, Arc-view, and other technology like
Terra model for processing surveyed data. Higher degree in
relevant field is preferred.

Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following:

¢ Prepare survey plans;
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Disciplines

Qualification and tasks

‘ o Field survey for topography,_ bathymetry, tide, current,

sediment, salinity and wave data;
» Preparing ‘detailed speciﬁcatiori for all field survey
activi_ties; : ’ ' o ' '
. Supervisé the survey activities;
s Ensure the quality of the survey;
* Guide in processing and analyzing the data;

. Preparation of Survey Réport; :

16. Field researcher/
Junior Engineer

He/She should have Bachelor degree in Civil Engineering/
Water Resources Engineering with 4 years professional
€Xperiences or more including 3 years’ experience in
analysis of different types:of data including sediment,
discharge, water level, flow velocity, environmental data etc.
Higher degree in relevant field is preferred.

Tasks:

His/her major responsibilities shall include but not
necessarily be limited to the following:

+ Responsible for the collection of relevant field data and
data from different organizations;

e Ensure data quality and . prepare_ data needed for
hydrological and morphological modelling and analysis;

e Provided necessary support with data for other task
required for performance by the Study Team,

o Analyse all the design data and calculate design
parameters under the guidance of the design engineer;

e Analyse all the surveyed data;
e Assist the feasibility study team;

¢ Responsible for compiling and preparing the Inception,
Interim, Progress, Draft Final and Final reports along
with other documentation.

10. Study Organization, Duties and Responsibilities

10.1 BWDB’s Responsibilities

The Consultant shall work under the direct supervision of the Project Director, BWDB,
Dhaka. The Hydrology Wing of BWDB shall assist the project team as required, particularly

e

- &

26




Feastbility Study for Integrated Water Resources Management in the Avial Kian and Tentulin River Basin

with regard to the hydrological and morphological aspects of the study. It shall also ensure
the involvement of concerned officials of BWDB in survey works, field data collection
activities as and when required by the consultant. Field survey and field data collection will
be done by the consultant in close consultation with the concerned field Executive Engineers
and design office of BWDB under the guidance of the concerned Superintending Engineers.

The Project Director of this project will ensure that the objective of the study as detailed in
the ToR would be achieved within all agreed time schedule and that the contents of the report
are acceptable to GoB and will direct the planning process and work program and supervise
the Study and monitor progress according to the objectives set in ToR. BWDB will only bear
the cost of the items that were mentioned in the reimbursable cost. Other unspecified costs
won’t be borne by BWDB.

The Project Director of this project will arrange regular meetings between the consultant,
BWDB professionals, and concerned officials from other agencies to discuss technical and
project management issues. Any unresolved issue either technical or otherwise shall be taken
up with BWDB’s senior engineers (Chief Engineer (Civil) Planning; concerned Chief
Engineers, Chief Engineer, Monitoring, Chief Engineer Design & Chief Engineer,
Hydrology; or other GoB agencies as required).

BWDB shall provide or make available the following data, services and facilities to the
consultants, as per existing rules of BWDB:

* Available hydrological, morphological, meteorological data and records on rivers and
khals of the Study Area following existing BWDB data acquisition rules;

* Available contour maps, aerial photographs, mosaics, maps and previous study reports of
the Study Area, if required; ' :

e Any other services, available with BWDB, to help the consultants to carry out the data
collection and project evaluation program as per ToR;

e Necessary guidance on study activities when required;

e Any clarification required about this document for clear understanding of the process of
conducting project evaluation.

10.2 Consultant’s Responsibilities

The consultant should carry out the services as detailed in “Objectives, Scope of Works and
Expected outputs” in the best interest of the Government with reasonable care, skill and
diligence with sound engineering, administrative and financial practices. The Consultants
should be responsible to the client (BWDB) for discharge of responsibilities. It will be the
responsibility of the consultant to collect all related information and data required for
conducting the study. The consultant shall maintain full and continuous liaison with the
BWDB -concerned project and field offices. Throughout the consultancy period, the
consultant’s activities will be reviewed time to time by BWDB conforming to the schedule of
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time. The consultant at every stage starting from planning of the study, developing
methodology, conceptual solutions, river management plan, flood and drainage improvement
measures, revision of plan, developing mathematical model etc. will meet with the expertise
of BWDB to explain the issue and based on the discussion they will improve the measures.
The consultant team will also take the opinions from the officials of relevant sectors through
Technical Committee meeting. The study must be complied with Bangladesh Delta Plan
2100, Sustainable Development Goals (SDG), Bangladesh Water Act-2013, Bangladesh
Water Rules-2018 and relevant acts, Rules, regulation, policies. Reports prepared and
submitted by the consultants shall be reviewed and approved in tripartite meeting. The
consultant will strictly follow the objectives, scope of works, and outputs of the study. All the
collected raw and processed data and reports are to be handed over to BWDB in GIS and any
other format what so ever used in the study in soft copies. After completion of the study
Printer and Computer accessories should be handed over to BWDB. The publication of the
data and used in the study of third party require prior written permission of BWDB. In
response to that, the consultant should-

e Make available all the primary and secondary data (entire set of information involving
audio-visual recordings) to BWDB or other agencies concerned as and when required.
Data and information would be submitted to the client both in hard and soft copies.

e Make necessary arrangements for site investigation, environmental and social survey
& data collection as needed for performance of the assigned task and evaluation
thereby.

o Provide all support for the effective delivery of the services as stipulated in the
objectives, scope of works and expected outputs written in the ToR.

* Actively join the workshops with regard to the purpose of the study in presence of the
BWDB officials and other stakeholders both at the project area.

¢ All types of technical support (like preparation of maps on necessity of the client and
any other information related to the task the consultant is assigned with) would be
provided to the client.

All the stakeholder consultation sessions would be recorded for future documentation. Video
recording would be done and the clips should be handed over to the client. Discussants would
be introduced with necessary introductory information and mobile phone number duly
incorporated in the reports. Discussion points should be focused properly and addressed
'accordingly.

11. Payment Schedule

Payments shall be made in line with agreed-on outputs according to the following schedule:

¢ Inception Report: Twenty (20) percent of the lump-sum Contract Price shall be paid
upon submission of the Inception Report duly accepted by the Client.

¢ Interim Report: Twenty (20) percent of the lump-sum Contract Price shall be paid upon
submission of the Interim Report duly accepted by the Client.

L Ag

28



. Feasibitity Study for Integrated Water Resources Management in the Arial Khan and Tentulla River Basin

¢ Draft Final Report: Thirty (30) percent of the lump-sum Contract Price shall be paid
upon submission of the Draft Final Report duly accepted by the Client.

» Final Report: Thirty (30) percent of the fump-sum Contract Price shall be paid upon
submission of the Final Report duly accepted by the Client.

The ToR Committee which has been formulated as per memo no. 42.01.0000.005.22.002.18-
42 dated 25/03/24 has reviewed the ToR and recommended for kind approval of the
competent authority. Thus, the ToR is hereby forwarded for kind approval.
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Executive Engineer (Civil) ' Executive Engineer {Civil)
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