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EXECUTIVE SUMMARY 

The report presents a feasibility-level e~iviro~iniental i~iipact assessment (EIA) of the proposed 
Surma-Kushiyara Project in  tlie northwestern region of Bangladesli. The EIA was undertaken 
from July 199 1 to April 1992 as an EIA case study under the FAP 16 Environmental Study 
conipo~ient of tlie Bangladesh Flood Action Plan (FAP). Tlie main objectives of the study were 
to test tlie EIA guidelines developed for use in the FAP, and to provide a basis for training of 
local consultants in EIA metliodologies. 

The project options selected for analysis were two sets of co~npone~its coni~iionly applied in flood 
control, drainage and irrigation projects (FCD/I) in Bangladesh, i.e. ful l  flood protection 
embankments and sub~nersible embank~iie~its. 

The main water resource proble~iis in  tlie study area are flash flooding, occasionally severe 
seasonal flooding, drainage congestion and extensive siltation. Tlie basic e~igineering dinlensions 
and features of the project optio~is were arbitrarily designed for tlie purposes of tlie EIA case 
study, and may or may not bear any resemblance to tlie project wliicli is actually developed fur 
the area in  due course followi~ig more detailed hydrological data collection and project design. 
The third option considered for tlie purposes of the EIA was to avoid any further development. 

The ~iiai~i  activities i~ndertaken included all the steps reconi~iiended in  tlie EJA guidelines and 
were as follows: 

Outli~ie of proble~ii and management objectives 
Development of people's participation 
Definition of project i~iterve~i tioris and al ter~iatives 
Project action definition and analysis 
Field reconnaissance 
Scopi~ig of i~iiporta~it enviro~i~iiental components 
Bounding of the study area 
Concepti~al modelling of environ~ne~i tal resource systern 
Selection of environ~iierital and socio-economic indicators 
Field data collectio~i programs 
Data analysis 
Iliipact analysis, assess~iie~it and evaluation 
Mitigation reco~nmendations 
Mo~iitoririg reco~ii~iientlatioris 

A limited people's participation progralii was initiated as part of the socio-econo~iiic data 
collection prograln. Villagers, especially tliose living in tlie proxi~iiity of !lie rnain rivers, 
identified flasli floods as the major issue, with erosio~i and waterlogging as secondary concerns. 
Villages in the vici~iity of tlie rivers were strongly in favor of irnproved protection fro111 llasli 
floods tliroi~gli eliibank~iients; improved drainage and irrigation were secondary measures 
identified as desirable. 
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The impacts assessed for tlie two mairi options are indicated below and assume all practical 
mitigation measures fully incorporated in tlie project design or implernerited during post-project 
conditions. Althougli tecliriically practical and feasible, some of tlie ~nitigation options idenlified 
have not been f i ~ l l y  or successfully inipleniented in past tlood control projects in Bangladesli. 
Ncgative i~iipacts are indicated by sliadi~ig. 

Aquatic Krso~trcrs 

Wetlands Pcrmancn~ wetland surface area 

Seasonal wetland surface arca 

Bcntliiclplankton divcrsitylabutidance 

Macropliytc divcrsity and abundance 

Critical habitat for ctldangcrcd slqx 

Capturc Fislicrics 

Culturc Fishcries 

Ma-ior carp abund:tnccll,roductio~i 

Minor spp. abundancclproductio~~ 

Fisl~ sl1ccics diversity 

Fish discasc incidence 

Fisli ~)roduction 

Wetland li;~bitat divcrsity 

Werl:~nd slxcics divcrsity 

Dry sc:tson soil moislurc 

Land t y ~ c  r;~tio 

Soil fcrtilily 

Soil dr:~in:~gc 

Crolq)ing patterns 

Crol>pilig ititoisily 
I 

Cropping yields 

Crop damage 

Crop diversity 

Livestock abundance and divcrsity 

Fccd and fodder quantity and quality 

So~ncwliat bcncftcial 

Som~wIwlrat ncgalive 

No iml,acl 

Somcwhat ncptive 

N cgat ivc No i11il)act 

Sligl~tly bcncftcial 

No impact 

No imp;tct 

No i~npact 

Negative 

Somcwhnt rrcgative 

So~ncwhnl ncgalivc 

N c p t ~ v e  

No i~npacl No ~rnpacl 

Sotntwlut ncgt~tivc 

Slightly negalivc 

Sliglilly ncgnlivc 

Slightly negative 
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Vcgchtion Rcsourccs Natural vcgclalion 

Holncslcrrd vcg. a b u ~ ~ d ; ~ ~ ~ c c  

Sj)ecics divcrsily 

Fuclwood abundance 

l IIIIII~III  Kt?io~~rct.s 

Houscliold Darnagc 

Health RL S:l~ii~:~linn 

Tcrrcslrinl Iiabi~al abundancc 

Tcrrcslrial 11:1bilaI divcrsi~y 

Wildlife sl)ccics divcrsity1abuntl:lncc 

Coln~ncrci;llly valunblc wildlirc 

Wildlili: llcsls 

Daln:~gc oulsitlc cln1):lnkcd arca 

Flood 1i:tzarJs 

Local clnl)loylncnI - agricullurc 

Local clnl)loyn~cnl - lisllcrics 

Tok~ l  illcolnc gcncraliori 

Drinking water qualily 

Wa~crbornc disease incidcncc 

Solncwl1:11 bcncficial 

Very bcnclicial 

Solncwl1;11 I)cnclici:~l 

Very bcl~clicial 

Sligl~lly bcncficial 

So~ncwh:~l I)cncfi- 
cia1 

Sl ig l~~ly  I~cncfici:~l 

S~IIICWII:II  I>cncfi- 
ci:~l 

I 

Very beneficial 

S O I I I ~ W ~ I : I ~  bcncfic~al 

Bcnclici:~l 

Sligl~lly bcncficial 

Sornewh;~~ ncgalivc 

Full flood protectio~i enibank~nents would have negative i~iipacts on wetlands, aquatic resources 
and on those sectors of the lii~~nan economy related to floodplain fisheries. They would have 
positive impacts on agriculture, vegetation resources, terrestrial wildlife and on those sectors of 
the hurnan econolny relaled lo agricirlture arid flood protection. Sublnersible embankments 

No i~npacl 

No i~nll:~cl 

No irnp:~cl 

No ilnl):~cL 

No iml):~cl 

Bcnclici:~l 

Sliglitly ncga~ivc 

Bcncfici:ll 

Bcnclicial 

Solnewh:~l ncgalivc 

Bcncfici:~I 

No i n i ~ : ~ c l  

Somcwl~:~l I)cncfi- 
cia1 

No i~nl)acl 

No i~n l~ac l  
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would have negative impacts on capture floodplain fisheries, and positive impacts on some 
agricultural, vegetation and human resource sectors. Submersible enlbankments in  general 
would produce fewer impacts but also fewer benefits than fu l l  flood protection embanknlents. 
Mitigation would not be able to fully overcome all negative impacts to wetland and fishery 
resources, especially those resulting from ful l  flood protection embankments. Eve11 witli 
practical mitigation measures in place, residual negative impacts would occur from ful l  flood 
protective embankments, especially drainage congestion,.deterioratio~i of surface water quality, 
reduction in wetland quantity and quality, reduction in wetland species diversity, threats to the 
status of some endangered and threatened wildlife species, reduction in  floodplain fisheries, and 
reduction in income, nutritional and other impacts to landless and poorer classes. Residual 
negative impacts for submersible embankments would be fewer and limited to reductions in flood 
plain fish production and in increased negative impacts to poorer social groups of people. 

Recommendations are made for mitigation and ~nonitoring programs. The institutional basis for 
inlplementation of mitigation and monitoring is poorly developed. For tliese reasons and since 
submersible e~iibankments would produce fewer negative environ~iiental i~lipacts, they are 
recommended for further consideration over ful l  flood protection. 

The case study de~iiotistrated the overall practicability of tlie EIA gi~ideli~les to be used in tlie 
Flood Action Plan. However, it also demonstrated the need for adequate field sti~dy efforts, 
very good and ongoing interactions between environmental and engineering study and design 
teams, adequate and up-to-date baseline maps, and a clear appreciation of tlie scale and 
complexity of larid and water interactions if high quality and qi~alititative EIAs are to be 
produced. 



Surrna-Kushiyara EIA Case Study - June 1992 

ACKNOWLEDGEMENTS 

The FAP 16 team members acknowledge the sincere and spontaneous cooperation and assistance 
received from tlie villagers and tlie elites of tlie Surma-Kushiyara study area during tlie field 
surveys. The experience arid the wisdo~ii of tlie people of tlie project area cannot be under- 
estimated. The help and assistance of government and no~igover~i~llerit organizalions arid 
individual officials were invaluable. The team wishes to thank i n  particular tlie Deputy 
Commissioner and Additional Deputy Co~ii~iiissioner (Revenue), Sylliet; Director, Soil 
Resources and Development Institute; Executive Engineer, Department of Public Health 
Engineering, Sylhet; Executive Engineer, Public Health Engineering, Zakiganj Upazila; 
Executive Engineer, Local Government Engineering Bureau, Sylhet; Executive Engineer, Local 
Government Engineerink Bureau, Zakiganj Upazila; Superintending Engineer, Bangladesh Water 
Development Board, Sylhet; Executive Engineer, Hydrology Directorate, Zakiga~ij; Executive 
Engineer, Hydrology Directorate, Kanairgliat; Upazila Nirbahi Officers and tlieir associates i n  
Zakiganj, Kanairgliat and Beanibazar; Upazila Chairmen and their associates in  Zakiganj, 
Kanairghat and Beanibazar; Officials of the Geological Survey of Bangladesh; Dhaka Meteoro- 
logical Department, Dhaka and Friends in Village Development of Bangladesh. 

The help and assistance extended by the Norlli East Regional Team (FAP 6) and in particular 
Herb Wiebe, Team Leader, Henry Werszko, Water Resources Planner, and Malibub Ali, Water 
Resources Planner, is gratefully acknowledged. 



Surma-Kushiyara ElA Case Study - June 1992 

ABBREVIATIONSIACRONYMS 

BBS - 
BWDB 
cm - 
DPHE 
DSSTW 
EPWAPDA - 
EUS - 
FCDII -. 

FPCO - 
g 
h - 
ha 
HTW - 
HYV 
I EC - 
ISPAN 
k Ill 
m 
MVS 
MCA 
meq 
mgll - 
m ni - 
O & M  
PRA 
RR A - 
STW - 
t - 
Tk. 
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GLOSSARY 

A us - 

Baniya - 

Baor - 
Barga - 
Bari 

Barsha - 
Beel 

Boro 
Bungari - 
Dadan - 
District - 

Jal ~iialial - 
Kathi - 
Khal - 
Kharif 1 - 
Kharif 2 - 
Khasland - 
Macha 
Mirajdar - 
Mouza 
Monsoon 
Pahari Dhol - 
Rabi - 
Taka - 
Union - 
Upazila - 

Rice grown during khurif-2 season with tlie exception of broadcast aman 
wliicli is sown in the kllcrrif-I season and harvested in tlie khc~rif-2 season 
Rice grown during the Wlarif-I season 
A local term meaning sudden onrush of water fro111 overspill and tlirougli 
dyke breaches which causes extensive damage to crops, vegetation, 
livestock and property 
Ox-bow lake 
Share cropping 
A homestead consisting of a number of liouseliolds in wliicli tlie residents 
are related to one another usually by kinship 
Normal seasonal flooding 
A natural depression, tlie bottom of wliicli normally remains wct 
throughout the year 
Rice grown during rubi season 
A local name for smuggling 
Advance sale of crops before harvesting 
An administrative u n i t  comprising a nunlber of Upcrzilus in llle charge of 
a Deputy Commissioner 
An indigenous irrigating appliance used for lifting surface water for 
irrigation from a height of less than a meter 
Water body formed in tlie monsoon season by tile inundation of scvcral 
beels under one continuous water body 
A leased out water body 
A local weight uni t  of paddy, equivalent to 16.74 kg. of paddy 
Natural channel 
Early suliinier (March through June) 
Late summer and fall (July tlirougli October) 
State owned land 
A temporary flood-protection shelter made of bamboo on higher platform 
A local name for J~lt~lahcrl lease holder 
The smallest revenue uni t  
Period of rain starting in  June and e~idi~ig in October 
A local term for buni)lu or flash floods 
Winter season (November through February) 
Name of Bangladesh currency 
Smallest administrative unit  of tlie Local Government 
An administrative unit  co~i~prising a number of U~iions 
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Chapter 1 

INTRODUCTION 

1.1 E~iviro~i~iic~ital Inipact Assess~iie~it within the Flood Actio~i Plan 

Environmental considerations are of prilne ilnportance in  tlie long-terlii planning and develop- 
ment of resource use in Bangladesh (Hoque er ul.  1990; IUCN 1991) and Inore so i n  tlie Bangla- 
desh Flood Action Plan (World Bank 1991). The requirement to ful ly  consider environmental 
and social concerns in Flood Action Plan (FAP) development stems initially froni colicerns 
raised at the 1989 G7 Summit Meeting in Paris. At that meeting i t  was deterliii~ied that ally 
actions taken to alleviate flooding problems in Bangladesh be teclinicall y , economically , envi ron- 
mentally and socially sound. The environlnental concern was placed in  more substantial terliis 
following the Second Conference on the FAP in  Dhaka i n  March 1992 where do~iors agreed that 
all FAP projects should be subjected to Elivironlnental Impact Assess~iients (EIA). The EIA is 
also a requirement in tlie draft Bangladesh Environ~iient Preservatioli Ordinance of 1989. 

All five regiolial stlldy comporients of tlie FAP*' plus the priority pilot projects, sucli as tlie 
compartmentalizatio~i project, rnust address environmental and social factors in both tlie 
prefeasibility and feasibility stages of project developliient. Tliese various regional and pilot 
projects are responsible for conducting tlie respective EIAs. A set of gilidelilies to direct tlie 
EIA process lias been produced (ISPAN 1992a) and are intended to establish standards for 
conductilig and reviewing EIAs for FAP-related developnients within tile Ministry of Irrigalion, 
Water Developmelit and Flood Control and the Millistry of Environlnent and Forests. An EIA 
manual to provide assistance in conducting EIAs according to tlie guidelines is in preparatioli 
in two volumes : volunle 1 is in draft for111 (ISPAN 1992b) and voluliie 2 is expected i n  early- 
to mid-1992. 

Environmental planning is addressed within tlie FAP at two levels : prefeasibility and feasibility. 
At the prcjkcrsit~ilir)~ level, potential projects are defi lied by tlie regional stirdy co~npolielits wi tl i i l i  
regional plans to reduce flood damage, improve drainage and (for some areas) provide for irriga- 
tion. At this level of initial eliviro~i~nental examination ilivestigators screen environniental alid 
socioecono~nic concerns. This level of investigation is covered iri tlie EIA guidelines, but case 
studies currently are \lor being illidertaken due to constraints on tilne and resources. At the 
fensibiliry level, projects are identified and assessed in  terms of engineering design, environlnen- 
tal and socioeconon~ic i~npacts, and ecolion~ic evaluation. The EIA is a coniponent of tlie 
overall project feasibility plalining and evaluation, and provides tlie basic environliiental and 
socioeconornic ilnpact inforniation for tlie overall project evaluatioli. Feasibility level EIA is 
also detailed ill the EIA gi~ideliries and case studies at this level ~ I I T J  being undertaken. Tliis 
report is tlie first of one of tliese EIA case studies. 

The Guidelines for Project Assessment (FPCO 1992) require evaluation at one or Inore of tliree 

*I North \\'a1 (FAP 2), North Ce111r;il (FAP 3), South West (FAP 4), South E:ut (FAP 5) and Norlh 
Exst (FAP 6 )  ' 
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levels: econo~iiic values for preference or, failing this, a quaiitification of the impacts in some 
form or, failing this, a description of the expected iinpacts. It lias been tlie custom i n  most 
countries to restrict EIAs to quantitative, qualitative, and other inforiliation atid data pertainiiig 
to impacts and benefits. Economic and financial evaluation of i~iipacts and resource losses is 
typically performed in a separate cost-benefit analysis. The case study presented liere lias 
adopted this procedure and thus presents i inpacts in quantitative and qualitative for111 only. 

1.2 Objectives of EIA Case Studies 

A variety of EIA guidelines, manuals, methods, techniques and pliilosopliies are i n  current use, 
many of them by FAP donor and executing agencies. The purpose of tlie EIA gilideli~ies and 
nianual developed specifikally for tlie FAP (ISPAN 1992a, 1992b) is not to duplicate tliese 
documents but rather to pull together the most applicable procedures and niethodologies and to 
combine them with local knowledge. Such a process is intended to produce procedures that are 
appropriate to tlie special needs of tlie FAP as well as to environmenlal resource management 
requirements i n  Bangladesli. 

The purpose of EIA case studies is to: 

a Test EIA methodologies, approaches and procedures ulider the environmental, 
social and institutional conditions prevaili~ig within the FAI'; 

a Provide a basis for practical training of local professionals aild technicians i n  EIA 
nietliods and approaches. 

Case studies are a valuable approach in that they consider FAP projects ll~ider typical 
Bangladesh environmental, social and institutional conditions. Documenting and analyzing tlie 
positive and negative experie~ices of conducting a typical FAP project's EIA identifies tlie 
strengths and weaknesses of tlie approaches and methods outlined in tlie current guidelines and 
manual. 

EIAs undertake11 as part of case studies conform to the following sleps as described in tlie draft 
EIA Guidelines (ISPAN 1992a): 

Identification of problein and management objectives 
Definition of project interventions and alternatives 
Definition and analysis of project actions 
Field reconnaissance 
Definition of study area 
Developnient of people's participation 
Development of conceptual model of the environmenlal resource system and tlie 
interactions with proposed interventions 
Identification of important environmental components 
Selection of environmental and socioeco~iomic indicators 
Field data collection programs 
Data analysis 
Impact analysis 
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Develop~nent of mitigation proposals and environ~iiental riianagerlielit programs 
Developnient of environniental and socioecono~iiic ~iionitoring progranis. 

1.3 Criteria for EIA Case Stu(ly Sclectio~~ 

The following criteria liave been developed to identify potential projects for EIA case studies: 

Regional: Covering as niucli e~iviron~nental variation and as liiany physical, 
ecological and social factors as possible 

Project type: Covering as many FAP-type interventions as possible, including 
flood control, drainage, irrigation, water nianagenient and flood proofi~ig 
procedures 

Stage of project developnient: Projects sliould be conceptually developed enough 
tliat tlie pri~iciple features and structural cliaracteristics are identified and 
cliaracterized i n  ternis of location, size and operating intentions. Projects sllould 
not be currently in  operation since tliis precludes testi~ig of predictive metlioclolo- 
gies, develop~nent of niitigation strategies and use of people's parlicipalion as 
devices in  impact assessment. 

Extent of available inforniation: The more baseline infor~nation available the 
Inore effective all EIA will be. 

1.4 Sur~na-I<usliiyara EIA Case Strldy 

11iformal discussions held with tlie Nortli East Regio~ial Study (FAP 6) i n  niid-1991 made i t  
evident tliat the Upper Kusliiyara Project was a potential candidate project case study. The 
project was studied in  tile early 1960s (EPWAPDA 1965, 1967) and again in 1972-73 (SARM 
Associates 1973), and provided valuable background and trend infor~iiatio~i. Tlie present project 
has been na~iied tllc "Surnia-Kusliiyara Project" to distinguish i t  concel~tually from the enrlicr 
Upper Kushi yara Project. 

Subsequent to tlie selection and initiation of the Sur~na-Kusliiyara project as a case study, i t  was 
leanled tliat a niajor dam is presently i~~ider  co~istruction at Tipayniukli on the Borak River in 
India. This structure, when co~iipleted, is likely to alter substantially the flow regime in  both 
the Kushiyara and Surma Rivers, and hence the project concept used and the assessments made 
in  tliis case study are probably redu~ida~it. However, tlie objective of llie exercise is to test EIA 
~nethodologies and al)proaclies o~ily, and in  this sense the present sti~dy is still valid. 

Two project colicepts were provisio~ially developed by FAP 6 to provide a basis for the FAP 
16 EIA case study. They are subject to modificatio~i as the northeastern regio~ial study 
progresses and niore Iiydrological and topograpliic data becollie available, particularly to address 
the flow changes induced by reservoir for~nation i n  India. A third option - i~nproved drainage 
only, was discussed in initial meelings but not included as a project to be assessed because i t  
required more detailed engineering assessment of its long-term feasibility. Willli~i tlie FAP fill1 
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accountilig will eventually be ~nade of non-structural options to be eliiployed in  colijunctiori with 
any structural nieasures: these liad not been identified for the project area at the ti~iie of tlie case 
study. Thus, ally conclusions presented in this report are tentative and are made for [he purpose 
of the case stildy only. They do not riecessarily represent interpretations arid co~iclusions to be 
made when tlie ful l  feasibility report for tlie project area is presented by FAP 6. Tlie Surnia- 
Kushiyara case study was undertaken fro111 July 1991 through June 1992 (Figure 1.1). 

I 

I d e n t i f i c a t i o n  of study area 

ACT l V l  T Y  

Devetopnent of  conceptual model I I 

MONTH 

published data sources requirements 

Col lect ion of primary data through 
f i e l d  survey 

Juty-August 

I 

July 

August 

Developnent of 
p\ans i n  p r o j e c t - o f  
concept by 

FAP 6 

August-September 

Data analysis and wr i t ing 
section reports,  de ta i l ed  

impact assessment of project 
opt i on 

August-September 

Developnent of comprehensive impact 
network and matrices 

M u l t i - c r i t e r i a  evaluation and development 
of m i t iga t ion  proposals 

October - 

October-December 

November-December 

December-March 

March-April 

F i g u r e  1 . 1 .  P r o g r e s s  o f  t h e  S u r m a - K u s h i y a r a  EIA C a s e  S t u d y .  

As a case study, tlie Surma-Kusliiyara EIA is ~iecessarily inconiplele. I t  was no1 give11 a ful l  
regional level prefeasibility assess~ne~it in  wliicli tlie lnajor environ~nental arid social issues would 
have been outlined. Such issues have bee11 oiltlilied to sollie extent by tlie previous studies on 
tlie Upper Kusliiyara Project, although these were relatively weak in  social impact assessment 
and in liiany enviro~imental areas. No 11011-structural optiolis for overco~ning flood damage 
problerns liad bee11 developed. Tlie EIA was conducted wirho~~r intensive interactions between 
design and pla~i~iing engineers, and tlie environmental and socioeconomic study team. In  a feasi- 
bility study this interaclion is essential to develop an efficient and acceptable project design. 
Tlie EIA ends will1 a sunl~iiary of tlie ~iiajor e~iviron~iiental and social inipacts wliicli would nor- 
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mally link to the main feasibility report. In sucli a report tlie environniental and social inipacts 
would be entered into the rnulticriteria analysis and be ranked along with project costs, benefits 
and other impacts to provide a decision-inaking framework for tlie project. The report provides 
initial input material to the E~iviron~nerital Management Plan (EMP), but doe not produce a 
detailed EMP which would require extensive interactions between (lesign engineers, tlie 
environmental team and tlie local commu~rities. Figure 1.2 indicates tlie positio~i of an EIA as 
i t  should appear in the overall project feasibility study framework. 

Prefeasibility Studies Report and 

. - 

L - - J  

Figure 1.2. Relationship of EIA prefeasibility and feasibility studies. 
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Chapter 2 

PROJECT DEFINITION 

2.1 Outlir~e of PI-oblem ar~d  Marlagemer~t Objectives 

Phase 1 of the Surma-Kushiyara Project covers a gross area of 39,000 ha i n  tlie nortlieastern 
comer of the Sylhet district (Figure 2.1). The area lies between latitude 24" 30' and 25" 92' 
North, and longitude 92" 09' and 92" 30' East. The project area is bounded by tlie Surma River 
to the North and East, and by the Kusliiyara River up to tlie outfall of Karati Klial to tlie Soutli. 
A proposed embankment from the outfall of the Karati Klial to the Surma River forms the 
western boundary. 4 

The project area is a saucer-shaped alluvial plain. 'Tlie Sur~iia and Kusliiyara Rivers botli over- 
flow into the project area during the prenlonsoon, liionsoori and even post-nionsoon seasons. 
The land along tlie banks of the rivers are relatively high and slope toward tlie middle of tlie 
project area with a gradient varying from 0.4 to 0.9 mlkm. A natural depression in the center, 
running between and approxi~iiately parallel to tlie Si~r~iia and Kusliiyara Rivers, is connected 
by several well defined khals (Figure 2.2). 

Most of the klials taking off fro111 tlie Surma and Kusliiyara Rivers liave eitlicr silted up or 
closed over the past years. Exceptions are Jaigirdar Khal, Shikar Moharntiiad Klial and Teli 
Khal from tlie Kusliiyara River, and Kakura Klial from the Surma River. Regulators liave bccti 
constructed at the off-take of Rahinipur and Sunam klials. 

The principal drainage outlet for tlie project area is Sada Klial wliich traverses tlie saucer-shaped . 

basin as a continuation of the Rahimpur Khal. The drainage outlet originates from [lie 
Kushiyara River at the southeastern part of the project (Figure 2.1). The principal drainage 
outlet has 13 different names at different locations inside tlie project area and is known as tlie 
Karati Khal at tlie outfall to the Kushiyara River (Chapter 3). 

An embankment, not built to proper section, exists along tlie left bank of the Surma. Another 
improperly built discontinuous section exists along tlie riglit bank of' tlie Kushiyara. Every year 
these ernbanktiients are breached, sonietiliies Inore than once in the same year. I n  199 1 tliere 
were 23 breaches in the Kushiyara embanknient and 13 in the one along tlie Sur~iia. In  addition 
to the breaching, the area is subject to heavy rainfall. The rain water and consequent flooding 
enters tlie project area by overtopping the enibankments and by flowing througli tlie existing klial 
openings, seriously flooding the area. As a result, crops, homestead vegetation, livestock, arid 
household property are damaged. 

The flooding situation is further aggravated by drainage congestion. Khals do not drain during 
high river stages, and Inany are so nonfunctional that they do not drain for prolonged periods 
even when river stages are low. In addition, tliere is considerable siltation downstream of tlie 
Charkhai-Sheola Road, leaving the bed of tlie Karati Klial near [lie oiltfall silted up. All tliese 
factors hamper drainage and lead to water stagnatio~i and lack of flashing inside tlie project area. 
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River bank erosion is also a problem at several locations. The four most pro~ninent probleril 
sites are at Amalshid, the bifurcation point of tlie Sur~na and Kusliiyara Rivers, and at 
Bhuyiamura, Hydraboud and Ujirpur on the right bank of the Kushiyara. Midstream of the 
Kushiyara is considered the international boundary. Tlie banks erode from tlie Bangladesh side 
and accrete on the Indian side, resulting in  a territorial loss for Bangladesh. 

Flooding is common and causes significant damage to crops, property and lionlestead vegetation 
two to three times each year. Boro, aus and broadcast alnan rice are damaged by flash floods 
during the premonsoon season. Transplanted aman rice is damaged during monsoon floods, and 
often again during post-monsoon floods and consequent drainage congestion. Livestock, 
terrestrial wildlife and some fish species, e.g. catfish, are lost during floods. Tliese losses and 
damage are a continuous misery to the people living in the project area. 

In summary, the major water resource management problems facing the Surma-Kusliiyara area 
are: 

Frequent flash flooding 
Seasonal flooding of severe magnitude i n  sollie years 
Widespread drainage congestion 
Extensive siltation of canals. 

2.2 Alternative P~soject Col~sideratiol~s 

The Surma-Kushiyara Project forms part of [he Norlh East Regional Study (Flood Aclion Plari 
sludy component FAP 6) that will prepare an overall regional plan enipliasizing water 
management. FAP 6 is due to start working at the projecl level in 1992. Discussions with the 
FAP 6 team have affirnied tliat the Surma-Kusliiyara Project will be studied in due course of 
time. 

To facilitate the FAP 16 EIA case study, FAP 6 did preliminary work on the project concept. 
There are considerable variations in the project co~icept compared to earlier feasibility study 
reports. 

The project was first studied in 1964 by the Upper Kushiyara Study Team, a component of the 
Directorate of Sche~iies of the then East Pakistan Water and Power Developnient Authority 
(EPWAPDA) and the results published in an interim report (EPWAPDA 1965) and a feasibility 
report (EPWAPDA 1966). The recom~nended plan proposed that flood embanknients be 
constructed along tlie left bank of the Sur~na River and the right bank of tlie Kushiyara River. 
Iliiproving the existing natural drainage channels and placing a drainage regulator on the Snda 
Khal where i t  crosses the Charkhai-Sheola Road was also suggested. The report indicated, 
however, that if  the regulator was put at the outfall of Karati Khal i t  would work more effi- 
ciently due to greater water level differences. Also proposed were three pumpi~ig units for 
irrigation facilities at Amalshid, Kanairgliat and Andu on tlie Sur~iia and Kushiyara Rivers. 

In 1973 the feasibility report was revised and updated (SARM Associates 1973). The 
recommended plan differed from tliat in the 1966 report i n  tlie extent of flood protection, 
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drainage and irrigation areas, cropping patterns and tlie irrigation system layout. And, instead 
of the earlier proposed three pumping units, only two were proposed at Rahimpur and Cliiralbag 
for irrigation facilities. 

In February 1985, the Sylhet Operation and Maintenance (O&M) Circle of BWDB prepared a 
three-phrase preliminary report on tile Surma-Kushiyara Project. Phase 1 of this project uses 
the same boundaries used by the previous Upper Kushiyara Project, and in essence, simply 
renames the earlier study. Differences from previous plans of development include: 

Four drainage sluices are called for at Rahi~npur Khal, Jaigirdar Khal and Karati 
Khal along the Kushiyara belt, and at Sunain Khal aloiig tlie Surma belt 
The proposed pumping plant could be moved to Pillakandi and constructed over 
the Senapati Khal 
A proposed pumping station along the Surma belt would be constructed over the 
Naya Khal near Patramati. 

The latest proposal by the BWDB inclc~des tlie following: 

Bringing the embankment along tlie left bank of the Surma River to proper 
section 
Constriicting a proper setback continuous embankment along tlie right bank of tlie 
Kushiyara River 
Construbting regulators at tlie off-takes of the Jaigirdar and Teli klials from tlie 
Kushiyara River, and the Kakura Khal fro111 tlie Sur~iia River 
Provide about 1.6 k ~ n  of silt clearance on the Siiriiia River near Ainalshid 
Protect tlie river bank at A~nalshid and Bliuiya~nura 
Construct 20 pipe sluices. 

The present project concept establislies tlie western project boundary at tlie outfall of the Karati 
Khal to the Kushiyara River, and extends tlie Ki~shiyara e~nbanknient froin that point nortli to 
connect with the Surma embankment. The possibility of connecting the Surma and Kushiyara 
Rivers through gated regulators is also being studied by FAP 6. Two options are being studied 
by FAP 6. The first comprises the following coniponents: 

Bringing the embankment along the left bank of the Surma River to 
proper section for full flood control 
Coiistructing a full  flood protectio~~ embankineiit with a proper setback distance 
along the right bank of the Kushiyara, possibly using the Zakiganj-Slieola Road 
now under construction, and extending the einba~ikiiient to tlie oi~tfall of the 
Karati Khal, finally connecting it wi tli the Si~rrna e~iibankiiient 
Re-excavating drainage channels and coristructing regulators at the off-take of 
Karati Klial, Jaigirdar Khal and Teli Klial froin tlie Kusliiyara River, and Kakura 
Khal from tlie Surnla River. 

This option is similar to the latest proposal prepared by the Bangladesh Water Development 
Board (BWDB). The BWDB proposal differs in that i t  reco~nlnends the project boundary be 
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extended to the outfall of the Karati Khal. I t  also reco~n~nends draining water out to the Surrna 
and Kushiyara Rivers through at least four klials with regulators instead of using one drainage 
outlet through the Sada Khal. 

An alternative includes all coliiponents listed above, except that i t  proposes using tlie present 
alignment of the existing Kushiyara embankment for constructing a submersible embankment, 
instead of constructing a new full flood protection ernbanklnent with proper setback distance. 
In  this case, the feasibility of developing irrigation facilities also will be studied. 

Design alternatives do not as yet include improvement of drainage only (without substa~itial 
construction of embankments) or non-structural options such as flood proofing and enhanci~ig 
the flood damage mitigation strategies already practiced to some extent by the local communi- 
ties. A t  the time of execution of this case study, these measures were not well defined, and 
have not been included as options for study. I t  is expected that they will be included at tlie stage 
wliere the Surma-Kushiyara project is studied and evaluated as a potentially viable project. 

The following options are thus addressed i n  the EIA case study: 

Option I :  The future scenario without any further development (Figure 2.2). 
Needs to be replaced by a map showing existing infrastructure. 

Option 2: Flood control and drainage with e~nbaiik~nents for controlling all types of 
floods (Figure 2.3). 

Option 3: Sub~iiersible elnbank~ne~its along the Kusliiyara River, drainage iniprove- 
lnents and some irrigation (Figure 2.4). 

2.3 Project Conlpotietits 

Table 2.1 summarizes the specific project co~nponents likely to be developed under one or niore 
of the development options being considered. These are neat known in  detail since the Surma- 
Kushiyara Project is not in  a detailed engineering planning phase at this time. The project 
components are assunied on the basis of best judgement fro111 the available information. 

Table 2.1. Components of alternative proposals for tlie Sur~iia-Kusliiyara Project and their 
environmental effects 

1. Preconstruction (planning, exploration and study) pliase 
a. Land, topographic and benchmark surveys 
b. Hydrological and clilnatic surveys and instrumen tation 
c. Land use and natural resource inventories 
d. Socio-economic surveys 
e. Land acquisition 
f. Construction of temporary access roads 
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Table 2.1. Continued. 

2. Construction phase 
a. Land acquisition 
b. Temporary structures and land occupation 

storage and godowns 
staff and labor camps 
garages and parking sites 
canteens and kitchens 
waste and garbage disposal sites 
water handling and storage facilities 

c. Excavation of all main drainage canals 

2. Constructio~i phase 
d. Reconstri~ction work on existing e~nbarlk~ne~lts along the Surllla arid Kushiyara 

rivers 
labor mobilization 
soil taking and borrow pit construction 

e. Construction of hydraulic structures 
four drainage sluices (most likely at Rahimpur, Jaigirdar, Karati arid 
Sunam kllals) 
four pumping stations (most likely on Se~lapati and Naya khals) 
regulators at the off-takes of several khals, including Jaigirdar, Teli and 
Kakura Khal. 
pipe sluices (approxi~nately 20) 

f. River bank protection works at Amalshid and Bhuiyamura. 

Operation and maintenance 
a. Project 0 & M 

embankments 
sluice gates 
regulators 
drainage channels 
irrigation canals 

b. Agricultural development 
i~lstitutional development 
agricill tural extensiorl and credit 
seed, fertilizer and pesticide acquisition, storage and application 
irrigation 
establishment and operation of cooperatives, resource user, community 
educational and project support programs 

I Assuming effective niainteni~nce of  embiaikment lacilities 

2 -5 
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Table 2.1. Continued 

c. Enviroll~nental rnanage~nent'~ 
monitoring and evaluatio~i 
land reclamation 

I t  is assumed that there will be no project abandonlnznt phase as the enlbanklnents will have to be 
permanently lnainlained 
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METHODS 

Data for the EIA case study were collected from both primary and secondary sources. Tlie ~iiain 
sources of secondary data were publislied reports on earlier studies of the Upper Kushiyara 
Project (EPWAPDA 1965, 1966, 1967; SARM Associates 1973), piiblislied inventories and 
reports by government ministries and other institutions (BBS 1985, 1989, 1990; MPO 1985, 
1986a, 1986b, 1986c, 1987) and unpublished reports and data (Department of Public Heal tli 
Engineering (DPHE), Bangladesh Water Development Board (BWDB)). Field data collec~ioi~ 
was done from 14 October to 28 October 1991 and extended through November and December 
for social issues and some fisheries, wildlife and water quality data collection. 

3.1 Review of Previous PI-oject Studies 

All available BWDB and FAP 6 reports and documents on Phase 1 of tlie Sur~na-Kusliiyara 
Project were collected and reviewed. Tliese included early feasibility study reports (EPWAPDA 
1965, 1966, 1967; SARM Associates Ltd. 1973), a prefeasibility report on tlie Nortll L ~ s t  
Rivers (SARM Associates 1973), and documents and correspondence from tlie BWDB Opera- 
tions and Maintenance Division (Sylliet). Available data on hydrology included extremes of 
water level and discharge at designated stations for tlie Kusliiyara (A~nalsliid and Slleola) a~ld 
the Surma (Kanairgliat) rivers from 1951 to 1990, a frequency analysis of tlie river stage and 
discharge for various return periods, a design discharge of the rivers for various return periods, 
and aquifer information from boreholes along the periphery of tlie project. Data on waler 
quality included chemical analysis of samples from tlie Kushiyara, and sediment concentration 
analysis of the Kushiyara and the Surma. Because it was important to collect current infor~iia- 
tion on different social categories for the socio-economic portion of tlie EIA, previous project 
studies were used as general background iiiformation only. 

Previous studies on the project area were found generally deficient in infor~iiatio~l on fisheries, 
wildlife and social aspects. 

3.2 Field Reconnaissance 

After preliminary discussions with the FAP 6 team, FAP 16 tea111 meiiibers niade a reconnais- 
sance visit to the proposed project area in July 1991. The areas visited included tlie bifurcation 
point of the Surnia and Kushiyara Rivers, erosion points and possible impact areas. Two 
regulators were found, one on Rahimpur Klial and one on Sunam Klial. Observations made 
during the field reconnaissance confirmed lliat the proposed project inet most of the criteria for 
selection as a case study area. Crop damage due to both flasli and seasonal flooding, siltation, 
drainage congestion, erosion, conflicting social interests and other problems were noted. Based 
on discussions with various groups i t  appeared that local people had an interest in  tlie project. 
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3.3 Identification of Study Area 

The study area includes the project and impact areas (Figures 2.2, 2.3 and 2.4). The project 
area is the land between tlie Surma and Kushiyara Rivers beginning at the bifurcation point of 
the Borak River at Amalshid and extending to the outfall of Karati Khal into tlie Kushiyara 
River. The area covers the whole of Zakiganj Upazila, Purbo and Paschim Digliirpar Unioris 
of Kanairghat Upazila, and Charkhai and Sheola Unions of Beanibazar Upazila of Sylhet district. 
The impact area of the proposed project includes an area on the right bank of the Surma near 
the Lubha River confluence and both sides of tlie Kushiyara up to Hakaluki Haor. The study 
area was necessarily confined to tlie Bangladesh side of the Surma and Kushiyara rivers, 
although i t  was recognized that impacts could potentially extend to the Indian side. 

As noted later, off-site impacts were not addressed in this EIA case study. Dow~istream effects 
of the project could possibly extend to Fenchuganj, but probably would not be nieasurable 
further south than Hakaluki Haor which receives most of the discharge froni the project area. 

3.4 Selection of I~iiportant Environn~ental Co~nponents (IECs) 
1 

Following a review of the available reports, the initial field reconnaissarice of tlie study area 
which included consi~ltation witli potentially affected groups in the area, and an initial phase of 
field data collection, a set of 1ECs was selected. These were either resources of particular value 
to communities within tlie project area, ecological colnponents responsible for perceived 
functioning of the floodplain ecosystem, or processes which are responsible for tlie maintenance 
and functioning of such components and resources. IEC's were selected as representing tlie 
water resources, agricultural, fisheries, wildlife, homestead vegetation and socio-econo~nic 
sectors of the project area. 

3.5 New Data Requirements 

A review of available inforniation revealed that existing data on hydrology, soil and agriculture 
were adequate but needed updating. Data on fisheries, wetlands, wildlife, social aspects, 
ho~nestead vegetation and livestock were either missing or incomplete and were identified for 
collection in tlie field study phase. 

3.6 Field Data Collection 

Many regional and local areas in Bangladesh for which FCD/I projects are planned have a 
shortage of quality secondary data. In addition, this EIA case study faced time and budget 
constraints, typical of such assessments, which limited the use of extensive quantitative survey 
methods and data analyses. Methods used in  the study were thus priniarily of a survey nature 
and include extensive use of Rapid Rural Appraisals (RRA) and Participatory Rural Appraisals 
(PRA). Mapping of the study area was carried out from a number of sources, notably: 

SPOT image taken on 1 January 1990 
A 1963 5-feet interval contour map (BWDB) 
A 1963 1-feet contour map (BWDB) 
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Field maps prepared by study team members. 

3.6.1 Area Familiarization 

Before field data were collected, FAP 16 team members visited the study area to become 
familiar with i t .  Througli the reconnaissance process tlie team developed a traverse sanipling 
procedure for selecting areas according to flood levels, embankment location, river erosion, 
siltation, and water quality in rivers, khals, beels and tubewells. 

3.6.2 Traverses 

Because the case study is multidisciplinary in nature, common sample areas and si~iiilar sampling 
procedures were needed. The basis for sampling the area was a set of six traverse lines (Chapter 
5 for location), selected on the basis of the physiographic pattern displayed on the soil 
association map. Each traverse line was planned to cut across ridges arid basins and to represent 
land types of the area. The traverse lines were set eiglit to nine kln apart and usually ran north 
to south. Each traverse included high and low impact areas for data collection. Tlie tea111 
members moved in  groups along the traverses, but deviations were made whenever field 
observations indicated such a requirement. 

3.6.3 Water Resources 

During 1990 and from January to Septen~ber 1991, various nlontlily data on nlaximu~ii, 
minimum and average water levels of the Kushiyara River at A~nalsliid and Sheola, and of [lie 
Surma River at Kanairghat were collected froin the BWDB. The distribution of tlie area's hand 
tube wells were provided by the Department of Public Healtll Engineering (DPHE) for tlie same 
time frame. 

Questionnaires were used to collect quantitative and qualitalive data from the field. Quantitative 
data included: 

Water flow in  khals and beels during various lnontlis 
Flash and seasonal flood time, depth, duration and frequency 
Breaching points of dykes and embankments 
Sources of domestic water and availability during seasonal changes. 

Qualitative data included: 

History of flood related problems for the last 10 years 
Sedimentation of canals and beels 
Present flood control problems and their effects 
People's view on flood problem and tlie proposed projects. 
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3.6.4 Land Resources 

Sample locations were selected along each traverse line according to land type, i.e., highland, 
medium highland, medium lowland and lowland. In addition to obtaining land resource 
information from groups of farmers, households on different land types along the traverse lines 
were interviewed on the basis of the following farm sizes: 

Sniall farms 0.02 to 1.00 ha 
Medium farms 1.01 to 3.03 ha 
Large farms more than 3.04 ha 
Landless. 

Information was collected from local farmers on the inundation level of the crop field, frequency 
of flooding, month(s) of flooding and flooding duration.. Data on existing cropping patterns by 
land type, extent and magnitude of crop damage, and the level of agricultural input use witli 
corresponding yields were collected through a structured questionnaire. Data on livestock, 
homestead vegetation and forestry, along with assessment of flood damage in each sector, were 
also collected during tlie household surveys. People's perception of flooding problenis and the 
proposed intervenlions were recorded. 

3.6.5 Biological Resources 

Tlie main biological studies i n  tlie project area were related to ide~itificatio~i and cliaracterization 
of the main habitat types, and rapid field surveys of tlie principal benthic, macropliytic, fish and 
wildlife communities. 

3.6.5.1 Water Quality Arialyses 

A Hach portable water testing kit was used to test tlie following nine parameters which are 
closely related to biological activities: 

Dissolved oxygen 
Chloride 
Ammonia 
Nitrite nitrogen 
Carbon dioxide 
Ferric iron 
Total hardness 
pH. 

Turbidity of water was judged by visual observation and classified as follows: 

High turbidity 
Moderate turbidity 
Low turbidity 
Clear. 
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Water testing sites were located on each of the various types of water bodies: beels, canals or 
rivers. Samples were taken i n  October and again in December, 1991. Water samples from 
beels and canals were taken from the surface at a distance of 1-2 m from the bank; those from 
the rivers were taken 30 cm below the surface. Five water satiiples were taken from each of 
the major rivers and two from each type of water body. A single test for each parameter were 
done at each sampling site. 

3.6.5.2 Benthos 

Zoo- and phytoplankton samples were collected from the various water bodies using a plankton 
net. The net was trawled at different water depths to obtain a large variety of planktori species. 
Plankton were exanlined under a colnpound light microscope at both low (10 x 10) and high (40 
x 12.5) magnification. Plankton were identified according to the key prepared by Alfred er.al 
1973. Benthic invertebrates were collected along the shoreline by hand picking and with tlie use 
of push nets. 

Blue-green and green algae were identified itnder a tnicroscope itsing an identification key. 
Some macro algae, e.g. Spirogyra were identified by direct physical examination. Some red- 
colored algae blooms were both visually inspected and identified under a microscope. 

Aquatic macropli ytes were classified into four major groups: 

Growing along wetland ~nargiris 
Submerged 
Rooted emergent 
Free floating. 

3.6.5.3 Open Water Capture Fisheries 

Depending on Ihe area elevation curve and water levels the total project area has been classified 
in to the following fishery habitat categories: 

Permanent wetlalids (W,) which remain inundated tliroughout the year. 
Seasonal wetlands which are inundated for less tlian a year. Based on land lype 
and period of inundation, these are sub-divided into: 

W,: Flooded lowland, inundated from April to November, peak water levels 
from 1.8 to 3.0 m 

W,: Flooded medium lowland, inundated from April to October, peak water 
levels from 0.9 to 1.8 m 

W,: Flooded medium highland inundated from May to September, peak water 
levels up to 0.9 111. 

Field information was collected at sites along tlie traverse lines. Knowledgeable fishermen were 
selected for interviewing at the same sites. Fish species were identified during catch and sales 
at the sites. Fish harvest data were analyzed to derive unit  area production for each type of 
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water body. Fish production data for each major habitat type were obtained from upazila fishery 
officers and from fishermen and leaseholders. 

Fish were classified into four groups: 

a Carps 
a Catfishes 
a Snakeheads 

Miscellaneous 

Field data collection sources included: 

Catch during fishing, during spot sales (sale in fishing area) and during local 
market studies (special study) 
Household fish consunlption (special study) 
District and Upazila fishery officers 

a Lease holders 
a Subcon tractors. 

Information was collected on the following aspects: 

a Identification of species 
Abundancelavailability (special study) 

a Micro and macro habitats 
Fish and fishing problelns related to management (socioeconomic study), systems 
and techniques, seasons (special study), and fishing areas 

a Fish diseases 
Abundance and species diversity in local fish markets. 

3 . 6 5 4  Closed Water Culti~re Fisheries 

Information on culture fishery activities collected, from Upazila fishery officers and local pond 
owners, include: 

Nurnber of ponds 
Nu~nber of ponds under fish culture 
Cultured species 
Suurces of fish fry 
Culture fishery management 
Annual fish production 
Marketing 
Constraints of culture fisheries. 
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3.6.5.5 Wildlife 

The wildlife study considered habitat, a list of species and the role of wildlife in the 
environment. Inforlnation was collected 011 tlie following: 

Habitat types and distribution 
Plant species con~position in different land-types 
Utilization of habitats by wildlife 
The study also considers wildlife's sensitivity to environ~ne~ital changes, 
especially a change in the ralio of land to water. 

Total wildlife habitat was divided into terrestrial and aquatic. The terrestrial portion of the 
project area is mainly occupied by homestead vegetation, but also includes agricultural lands, 
crops, fallow and roadside vegetation. 

The terrestrial portion of the study considered the following factors as they relate to plant 
species: 

Dominant species 
Species distribution by canopy 
Ecotone and land use 
Species co~nposition on edge 
Cause of habitat conversion and destruction. 

Wildlife species in the area included amphibians, reptiles, nianinials and resident and migratory 
birds, and were classified as: 

Commercially important wildlife 
Agricultural pests 
Endangered species 
Indicator species. 

Birds of the study area were identified and observed with the help of binoculars and some were 
recorded on film. Pictorial guide field books were used for ide~ilification arid confirmation. 

The assessment of negative and positive i~iipacts on wildlife by tlie proposed project includes 
discussion on the following: 

Food habits by species 
Ecological niche of wildlife 
Wildlife habitat conversion and destruction 
Move~neri t and migration t i  ~nes, routes and obstruclions 
Effects of a cliange in tlie land to water ratio 
Role of wildlife in tlie study area, including control of insects and rodents, and 
supplying organic fertilizatio~i 

. Critical environmental co~iditions for wildlife. 
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The study of aquatic ecosystems considered water quality, wetlands, waterfowl and niigralory 
birds. Tlie wildlife species, arid factors affecting tllern, were the sallle studied as in  the 
terrestrial ecosystem study. Distribution and abundance of migratory birds were also observed. 

The method used for social data col lectiorl was Participatory Rural Appraisal (I'RA) whicl~ is 
a development of the RRA approach" in wliicli rural people are involved in investigation, 
presentation and analysis. Through informal structured discussio~ls witli individuals, social 
groups and key local people, PRA pinpoints local issues and llow tlley are perceived. Tlle PRA 
initiates the process of local, active involve~ne~i t whicl~ is necessary to the plan~ling and 
developlnent of sustainable FCDII projects. 

Thc social teal11 conlprised male and female members. They selected 8 lligll inlpact subzo~les 
following the traverses and cliaracterized by: 

a Seasonal flooding 
a Flasll flooding 
a Erosion 
a Water loggi~lg aiid drainage congestion. 

Subzones were selected with llle help of key infornlants. Otle of the sub-zones was located 
outside the project area, btrt inside tlie iiiipact area. Table 3.1 indicates tlie characteristics of 
the higli iliipact subzo~ies (Chapter 5 for locatio~i nlap). 

A total of 23 villages were visited ill tlle selected subzones. More villages were visited in 
subzone 1 since this area is more seriously affected by flasli flooding and has a larger numbcr 
of fishing communities. Tlle 1llai11 social groups identified in the selected villages were: 

Agricultural laborers 
Capture fishing Ilouseholds 
Professional fisller~nen 
Boatmen 
Boat builder's 
Petty traders 
School teacllers 
Far~ners (large to margiual) 
Landless 
Wo~lletl from above groups, including female heads of Ilousellold. 

* I  Rapid Rural Appraisal (RRA) is an investigative technique in which 
interviews with local knowledgeable people (i.e. key informants) in 
selected locations are the main component. The method was developed in 
the late 1970s following the realization that there are many biases which 
impede outsider contact with rural poverty (Chambers 1983). RRA is an 
inexpensive, timely and effective method of gathering information and has 
been used and refined over the last two decades. 
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Table 3.1. Characteristics of High Social Impact Sub-zones in the Project Area. 

Traverse 
Subzones Line Upazila Union Villages Features 

1 1 Zakiganj Klialacliara 9 SF,FF.WL' 
2 1 (I Khalachara/Kajalsliar 5 SF,FF,E 

3 2 Kanairghat Dighirpar 2 SF,FF 
4 2 Luxmiprasad West" 1 SF,FF II 

5 3 Zakiganj Barohal 2 SF,FF,WL 
6 4 Beanibazaar Cliarkai/Sheola 3 SF,FF,WL 
7 4 Sheola 1 SF,FF,WL,E II 

' SF=seasonal flood, FF=flasli flood, WL=water logging, E=erosion. 
" Outside project area but inside impact area. 

Also included were those whose land is erosion prone or water logged and those wlio have lost 
their land through erosion. 

A list of key questions was pi-epared and, using an interview guide, informal discussions were 
conducted with individuals and groups froni different social categories. Discussions focused on 
occupation, livelihood, quality of life and local issues. In particular, views and opinions were 
elicited on flooding, water logging and erosion. Suggestions on how to remedy such problems 
were also recorded. 

Time restraints prevented prearranged meetings, but efforts were made to talk witli at least one 
person froni each social category in every village. Because speaking with occupants of poor 
households was top priority, one substandard "bar-i" (homestead) i n  each village was selected 
for interviewing. This approacli led to discussions witli five to 15 people fro111 ro~rghly the same 
economic level. Local leaders, in fluen tial people, and local NGOs were also consulted. In for- 
mation also was collected from officers stationed at the Upazila using RRA tecliniques. 

3.7 Impact Analysis 

Tlie objective of impact analysis is to evaluate tlie impacts of tlie various project options on 
water, land and human resources, compare theni' to changes likely to occur i n  the absence of tlie 
project, and to integrate the results into tlie project planning process. 

The steps for impact analysis were as follows: 

Step 1: A series of IECs were selected for each major environnlental and social resource 
or component. 

Step 2: Three separate networks for each individual resource section were developed. 
The first considered tlie interdependeut , relationship of environmental and 
socioeconomic conditions in  a series of sequential phases. Tile other two 



Sur~na-Kushiyara EIA Case Study - June 1992 

Step 4: 

Step 5: 
Step 6: 

Step 7: 

networks considered the post-project conditions of sequential relationships for 
interventions for the two project options. ' 

Step 3: Using the end-points of the networks developed in Step 2 plus other data 
generated for individual sections, four effects matrices were developed to identify 
impacts at four phases of the project, namely: planning and surveys; construction; 
operation and maintenance; and post-project. 
The major impacts of the project options were extracted fro111 the above matrices, 
summarized and compared. 
Verbal descriptions of impacts were developed. 
An assessment of impacts was made according to an I l-point scale (ISPAN 
1 992a). 
The major impacts were evaluated as far as possible, based on the information 
available. This was a link to the multicriteria analysis (MCA) required for ful l  
project feasibility evaluation. 
Mi tigation measures and an environmental management pla11 were developed. 
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Chapter 4 

IMPORTANT ENVIRONMENTAL COMPONENTS 

A number of important environmental colnponents (IECs) have been selected for the purpose of 
conducting an EIA within the Sur~na-Kushiyara project area. IECs chosen were either resources 
of particular value to communities witllirl the project area, ecological components responsible 
for perceived functioning of the floodplain ecosystem, or processes which are responsible for 
the maintenance and functioning of such components and resources. 

4.1 Hydrology 

Since the hydrological cycle is so predominant in determining tlie nature and distribution of 
resources within the project area (and indeed within all of Bangladesh), tlie IECs have been 
considered in terms of the seasonal hydrological collstrailits and deterillinants, e.g. flooding, soil 
moisture, etc. The basic l~ydrological cycle within the project area is displayed graphical I y i n  
Figure 4.1, and tlie IECs within each of the major resources groups are arrayed in biological 
calendars in  Figures 4.2 through 4.6. 

The hydrological deter~ninan ts within tlie project area are strongly seasonal i n  nature. These 
include: 

River discharges 
Ground water levels 
Rainfall 
Flash flood frequency 
Seasonal flood frequency 
Incidence of drainage congestion resulting froin flooding 
Occurrence of sedi~nentation resulting from flooding 
Frequency of bank erosion. 

Rainfall is a primary driving force governed by the clilnate and weatller patterns i n  the region. 
River discharge, ground water levels, frequency of flasll and seasonal floods, sedimentation and 
drainage congestion are very closely linked to rainfall patterns and to each other. and ally 
intervention affecting one will have consequent effect on otliers. Ballk erosion is a function of 
receding water levels and discharges. It is noticeable that whereas flash flood as an event is 
easily identified in tlle pre-rnonsoon season (April-May), i t  is not similarly perceptible in tlle 
post-monsoon season. The hydrological calendar (Figure 4.2) displays effectively tlle dry season 
differences in  water discharge and water level between the Kushiyara and Sur~na Rivers. The 
Surma has more extreme flows tlian the Kushiyara. Any unusual event during the sulnmer 
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I I 

Figure 4.1. Calendar of prominent hydrological events in the 
Surma-Kushiyara project area. 

monsoon, i.e. early or late flash floods or seasonal floods, will likely be tlie cause of disruptions 
in  the various cycles. The severity of disruptio~i will depend on the timing, duration, intensity 
and extent of the event. 

4.2 Agriculture 

Crop diversity in  tlie project area decreases from higher land types to lower land types (Figure 
4.2). Rabi crops are grown on the highest land type. B. and T. aus and T. aman are 
characteristic of higher land types, but give way to B. aliian and boro at tlie lower elevations. 
Thus kharif-1, kharif-2, and rabilboro crops are fine-tuned to land types and flooding frequency 
and duration. If the latter are changed due to interventions, agricultural practices will change 
with increased demand on irrigation water. 

Use of farm labor is related to the diversity and number of agricultural crops grown on a 
particular land type. Both high and medium high lands have 3 ~nontlis of lean period each, 
whereas medium low land has 4 months and low land Iias as mucli as 6 n~ontlis of lean season 
when no farm labor is used. Tliese 6 months are divided into two periods: 5 months from June 
to October, and 1 month in  February. If the fisheries calendar (Figure 4.4) model is compared 
to the agricultural calendar (Figure 4.2) i t  is seen that fishing in floodplain and canals more or 
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L I 
Figure 4.2. Agricultural resource calendar for the Surma- 

Kuehiyara project area (Figure continued on next page). 

less coincides with tlie lean period of agricultural employ~iient. The FCDII intervention could 
potentially remove fishing activity in tlie floodplain and canals during the farm labor lean seasori, 
thereby creating an imbalance i n  tlie general survival strategy of tlie farm laborers. 

Surface water irrigation at present is related chiefly to boro cultivation on mediuni low to low 
land during Dece~iiber to Marcli. This coi~icides with the dry season when water level a~id 
discharge in  botli Surma and Kusliiyara are low and grouiid water lcvel also declines to tlie 
minimum. Any increase i n  H Y V  Boro will iticrease the seasonal pressure on all available 
surface water for irrigation. 

4.3 Cultivnted nntl Noncultivatctl Vcgctnf ion 

The Surlna Kusliiyara project area is devoid of any forest, but is rich in  Iioniestead, roadside and 
marshy vegetation. Tlie   nod el depicts activities as well as vegetation cycles. Sprouting of 
bamboo slioots, cane and patipata, and fruiting of betel nuts and ba~ia~ia ratoo~is are parts of 
vegetative cycles of critical iniportance. All vegetative cycles start in Marcli witli tlie early 
showers associated with Nor'westers. Roadside vegetatio~i and Iiomestead pla~itations start o~ily 
when tile monsoon is quite advanced. Tlie sulnlner vegetation cycle starts witli tlie early 
monsoon showers and ends in August when the seasonal cycle of winter vegetables starts. 
Winter vegetables are dependent on irrigation water from Iio~nestead sources. 

4-3 
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Figure 4.2. Continued. 

Fisheries in the project area, in colnlnon with niost floodplain areas i n  tlie country, follow a four 
stage cycle during a year: 

Spawning migration (to rivers for major carps, to flood plain for resident species) 
Spawning (major carps in flowing rivers, resident species in  flood plains) 
Grazing dispersal (to the floodplain for all the species) 
Return to permanent water bodies (major carps to rivers, resident species to Beels) 

There are three ways in  wliicli [lie proposed FCD/I projects can potentially have adverse effects 
on the annual cycle: 

By closing and/or restricting migration paths during spawning andlor return iiiigration 
Restriction on grazing habitat by reducing floodplairi water area 
Reduced habitat area for returri of resident species. 

Fishing in  tlie flood plai~is and canals, wliicli also iriclude ~iiost of tlie coninion property areas 
not leased out, takes place from May to January, after wliicli fishing is mainly restricted to 
beel s. 
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Figure 4.3. Cultivated and noncultivated vegetation resource calendar for the 
Surma-Kushiyara project area. 

I I 

Figure 4.4. Fisheries resource calendar for the Surma-Kushiyara project area. 
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Breeding arid ~nigration of wildlife is very seasonal (Figure 4.5). Breeding seasolis vary sliglltly 
between amphibians, reptiles, birds and nlanlnlals, but generally extend fro111 March to 
September. Migratory birds arrive by the end of Noverilber and leave by tlie end of Marcli. 
This is also tlie period when most of tlie Iiunting and trapping take place. Food damage by 
wildlife follows the breeding season. Embankmenl damage by rats also has seasonality and is 
limited to the period from mid-December to mid-April. 

1 

I I 
Figure 4 . 5 .  W i l d l i f e  resource  calendar for the Surma-Kushiyara projec t  area.  

Four different aspects of Iii~~iian resources have been incl utled i n  the calerldar (Figure 4.6): 

Agriculti~re 
Capture fisllery 
Culture fishery and 
Public Iiealth 

Agriculture, capture fisheries and public health concerns are Illore seaso~ial than culture 
fisheries, which though paid enlploynlent, self e~nployinent, inco~lle and ~iiarketing, covers the 
wliole calendar year. Agriculture lias tliree distinct seasons, i.e. pre- and post-kharif and the 
rabi season. Siniilarly, activities around capture fisllery extend from October to Marcli. Water 
borne diseases also sllow distinct seasorlality in  their main occurrence, i.e. pre-monsoon ancl 
during monsoon, witti a gap i n  between. Disease vectors are prevalent from mid nlonsoon to 
late winter, i.e. fro111 September to February. 
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( Public health: 1 1 1 1 / 1 1  1  1 1 \ 1 1  

I I 
F i gure  4 . 6 .  Soc io-economic  ca l endar  f o r  t h e  Surrna-Kushiyara p r o j e c t  a r e a .  
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DESCRIPTION OF THE EXISTING ENVIRONMENT 

Although Bangladesh is a small coutitry, there is a wide range of spatio-temporal variation i n  
the distribution pattern of climatic elements. Classified on tlie basis of temperature efficiency 
and precipitation effectiveness, tlie Sur~na-Kusliiyara project area falls in tlie tropical preliuniid 
zone. The temperature efficiency index and precipitation effectiveness index for tlie project area 
are 134 and 21 6 respectively. 

The highest temperature in the project area was recorded as 40.6"C in May and the lowest was 
8.9OC in Deceniber and February. Tlie maximum mean daily temperature, take11 in April, was 
32.4OC and the ~ninimu~n mean daily temperature, taken i n  January, was 12.2'. 'Tlie range 
between the maximum and the mini~iium mean daily telnperatures i l l  January varies from 25.2"C 
to 12.2OC, and in May i t  ranges between 3 1.  1°C to 22.8"C (Table 5. I ) .  

Table 5.1. Climatological data for the Surma-Kushiyara project area. 

~em~erature' C Day Sun 
Mean Mean Rel. Light shine Light 
Daily Daily Hum per day % 

Month Max Max Mean Min. Min % hrs hrs 

January 
February 
March 
Apr i 1 
May 
June 
July 
August 
S ' tember 
October 
November 
December 
Annual 

Source: Meteorological Department (1902-1990) 

5.1.2 Rainfall 

Rainfall records at individual stations are available in time periods ranging from 25-85 years. 
Data for Sylhet and Ulla Khal have been maintained since 1905. Tlie general trend of spatial 
distribution pattern (Figure 5.1) shows that rainfall gradually increases from South to Norlli. 
Average annual rainfall wilhin tlie project area ranges fro111 3600 m 111 along the Kushi yara River 
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to about 4800 mm along the Surtna River. Average annual rainfall in  tlie East at Zakigalij is 
3744 mm; in  the West at Sheola 4082 Inn1 and in the North at Kanaighat 4734 mm.  

5.1.2.1 Montl~ly Meall Rainfall 

'The highest mean nlonthly rainfall for all stations in and around the project area was recorded 
in  June. The next highest were recorded in July, August and May, respectively. The lowest 
mean monthly rainfall was recorded in December (Table 5.2). 

Table 5.2. Mean monthly and annual rainfall in Surma-Kushiyara (mm). 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

5.1.2.2 Maxi~iiu~n Rainfall Analysis 

Frequency analyses were made to determine tlie mean (2.23 yearly probability), 5, 10 and 20 
year maximum, two-day rainfall. These analyses were used to estimate drainage requirements. 
Table 5.3 shows a two-day maximum rainfall frequency analysis for Zakigarij and Sheola 
stations. 

Table 5.3 Maximum two days rainfall recurrence interval and percent 
chance in Surma- Kushiyara project area. 

Rainfall Quantity (mm) ....................... 
Year Percent Chance Zakigan j Sheola 

Source: WARP0 (1990) 
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5.1.2.3 Railifall Variability 

Variability greatly affects rainfall efficiency. Variability parameters including coefficient of 
variation and inter-quartile ranges are used in  climatic indices to show the comparative utility 
of land areas for agricultural purposes. The parameters indicate to what degree a rainfall 
occurrence is typical of a specific area and period. During the premonsoon period (March-May) 
in  the project area variability is highest during March when variability is 45 - 50 percent. 
During April variability is as low as 25 percent and then increases to 40 percent i n  May. The 
lowest variability occurs during the inonsoon (June - October) when the area receives more than 
80 percent of its tola1 rainfall. Variability in  this season ranges between 18 and 25 percent 
except during October when i t  is about 35 percent. However, overall variability fluctuation is 
minimal in  the project area. 

The mean monthly percent distribution of relative humidity is presented i n  Table 5.1. The data 
were collected at the meteorology station at Sylhet, located 35 m above mean sea level. The 
mean monthly relative humidity varies from 63.8 perceut i n  March to 89.5 percent i n  July  and 
August. These readings are based upon three daily recordi~lgs at 6 a.m., 9 a.m. and 6 p.111. 
local time. 

5.1.4 Day Le~igtll and Ilours of Su~islii~ie 

Table 5.1 presents the mean monthly sunshine hours compared to daylight hours. Sunshine 
occurs during 3 1 percent of the daylight hours in June, compared to 81 percent in  January. The 
annual mean is 59 percent. Sunshine hours range from 4.3 hours in  June to 8.8 hours in  
February. The annual average is 7 hours. 

5.1.5 Evapotranspiration 

The most accessible station producing evaporation data is at Sylhet where records have been 
maintained since 1961. Average monthly evapotranspiration is shown in Table 5.4. 

Table 5.4. Average monthly evapo-transpiration (mm) in Surma-Kushiyara project 
area. 

Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec 

Source: FA0 (1988) 
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Mean monthly average wind speeds for tlie project area is shown i n  Table 5.5. 

Table 5.5. Average monthly wind speed (km/h) in project area. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2.4 2.8 5 6.0 5.0 5.4 5.6 5.0 3.7 2.4 1.9 1.9 

Source: Meteorology Department (1988) 

5.1.7 Agro-clia~atic Evaluatio~~ Using AEZ Cli~natic Data &IS€! 

Annual moisture regime in tlie project area wliicli indicates tlie seasonal periods coverilig 
inforination on duration, begin date and end date for agricultural purpose are prese~~tcd in Table 
5.6. 

Table 5.6. Generalized moisture characteristics of kharif growing period. 

Kharif Growing Kharif Humid Period Rabi Growing Pe- 
Period r iod 

Days Period Days Period Excess rain Days Period 
fall lmm) 

280-290 27 March 195-210 10 Apr. 3000- 4500 135 3 Nov. 
6 January 3 Novem 150 25 Mar. 

Source: FA0 (1988) 

5.2 \Vater Resources 

5.2.1 River Systenls and Geo~nol*phology 

The hydrology of the project area is influenced by tlie Barak, Lublia, Surliia arid Kushiyara 
River Systems. A schematic diagram of these river systems is presented in  Figure 5.2. The 
rivers' general morphological characteristics are su~nmarized below. 

5.2.1.1 Barak River 

The Barak River has a drainage basin of about 26,000 km2, ~iiost of wliicli is located in India. 
The upper portion of the catchment is hil ly with lnountains reacliilig to about 2400 m above sea 
level. The river descends to less than 30 m as i t  enters illto tlie flood plain. I t  enters 
Bangladesh at hmalshid in tlie Zakiganj Upazila of [lie Sylliet District after running solne 400 
km fro111 tlie source. It bifurcates at A~nalsliid into the Surlna to tlie Nortli and into tlie 
Kushiyara river to tlie south. Figure 5.3 shows tlie bifurcation details of tlie Surnia Kusliiyara 
bifurcation. 





( N o t  t o  S c a l e )  

I 
! Figure 5.3 Surma - Kushiyara Bifurcation 
I 
I Source: W A P D A , 1 9 6 6  
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5.2.1.2 Lubha River 

The Lublla River is the principal tributary to the Surnla. Tlie drainage basin is about 850 km2, 
most of which lies i n  India. Tlie river is about 50 k ~ i i  long. It originates i n  tlie Cacliar Hills of 
Assam and nlccts the Surma at Bandarbari about 40 krn downstream from A~nalsliid. Tlle river 
is steep, and flow is rapid and turbulent as i t  falls towards the flood basin. It is, however, al~iiost 
flat in the last 7 k m  wliere bank spills are fairly frequent. Conipared to tlie Barak River basin, 
the inf lux  of tlie Lublia flow is very rapid and flashy due to tlie size and llilly nature of its 
catchment. Tlie Sur~na flows are sometimes reversed when tlie Lublia is fully flooded. 

5.2.1.3 Surma and Kushiyara Rivers 

The Surrna and Kusliiyara Rivers are tlie bifurcated channels of the Barak River fro111 Anlalsllid. 
The Surma has an average slope of 50 mmlkm from Amalsliid to Kanaighat. Tlie Surma River 
is approximately 150 111 wide at bankfill1 stage. I t  is 11 In deep at Amalsl~id, then decreases to 
8.3 m at the junction of the Lublia. Fro111 Lublia, tlie river bed falls for the next 16 k m  
downstreani, lowering to 13.8 111 below tlie bank level. The Sur~na above the Lublla towards 
A~nalshid is not significant and carries only a small portion of the Barak flow. Tlle Kushiyara 
river is approxi~nately 150 In wide when fu l l  and the average deptli is about 12 rn. The Surnla 
and Kuslaiyara meets near Habiganj beyond tlie project area and ends to Bay of Bengal i n  the 
name of Meghna. 

5.2.1.4 Other Tri butaries 

The Gumra and the Balicllara Rivers join tlie Surma between Amalshid and the outfall of tlie 
Lubha. These two tributaries have a combined catcll~nent area of about 200 kn12 but pass 
through a large flood plai~i before draining into the Surnia and do not greatly influence tllc 
project area. 

5.2.1.5 Longitudinal Profile 

The lengths and slopes are based on the bank level's natural top and are approxi~nately as 
follows (BWDB 1986): 

Anialshid-Slieola: 35 k m  at 0.10 mlkm 

Historical trend of river stage shows tliat 10-year high-water levels are up to 1.5 m above tlie 
average natural bank level top. Two-year high-water levels reach approximately the bankfull 
level. 

In the nortl~east region of Bangladesh, where the project is located, floods occur earlier than i n  
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the western part of the country (Bra~iinier 1988). While flooding is comliion in tlie project area, 
the depth and duration of floods vary from place to place. Tlie primary reasons for flooding in 
the project area are high rainfall, over bank spills and flat river gradients. 

In this report, the term "norr~~alflood" refers to the usual seaso~ial sub~nergence of la~ld during 
which neither crops nor property are damaged. Tlie period of seaso~ial flood is usually from 
June to October. "Disastrous flood" refers to flooding tliat is potentially dangerous to crops or 
property. A "flaskflood" is one tliat occurs suddenly and rapidly. I n  addition, a flasli flood 
occurs either earlier or later t.lian normal flood season and is extre~nely dangerous. The period 
is usually April and May for early and late October and November for late flasli floods. A 
normal flood often occurs in the project area when incessant rains cause a rise in the water level. 
Villagers call this type' flooding "barslia" and do not consider i t  Iiar~iiful. The overtopping of 
the Kushiyara and the Surma results in a sudden onrush of water. Tlie villagers call this type 
flooding "bant~yu" or "pakari Illrol," and it results in severe da~iiage to crops and property. I t  
is termed a "flash flood" if  i t  occurs in April, early May or late October and November, and 
is called a "disastrous flood" if  i t  occurs fro111 Julie to September. 

The annual peak flooding stage occurs ~iiost often in  Jutie. Stage liydrograplls dated 1959 to 
1964 reveal that early flash floods occur i n  March, April or May, and late ones in October and 
Noveniber. Flasli floods occurred i n  Kusliiyara in late March 1961, April 1961, and early May 
1961 and 1964. Stage hydrographs of llie Kushiyara and Surma Rivers for 1959, 1961, 1962 
and 1964 are shown in Figi~res 5.4 and 5.5. 

The frequency of seasonal disastrous floods also has increased. According to local people 
disastrous floods are occurring every two year now and normal seasonal floods inundate tlie 
medium lowland and lowland areas. The area remains under water from Julie to October. 
Flood waters begin to recede in September, but late rains and flasli floods oftell keep tlie land 
inundated until November. For exalnple, in 1991 a late flood by railis kept water levels high 
unti l  Nove~iiber. Seasonal floods also inundate medium liigliland and liigllland wlle~i river stage 
and discharge are very high. 

The 1991 flasli flood was one of tlie worst in liistory and compares with extre~lie flooding that 
occurred in 1928, 1955 and 1988. During tlie 1991 flood about 80 percent of [lie project area 
was affected. Many areas not prone to flooding were covered in one to two meters of water for 
more than a week. 

5.2.3 Surface \Vatel* IIycl~.ology 

5.2.3.1 Kuslliyara River 

The Kushiyara River lias three gauge stations: Amalsliid, Slieola and Fencliuga~ij (Figure 5.6). 
The first two are within the project, but tlie Fenchuganj station is outside and downstream of the 
project. Table 5.7 shows extreme water levels and discharge at tlie designated stations from 
195 1 to 1990. Table 5.8 shows tlie ~nontlily extre~iie water level for the year 1990 and 1991. 
The river reached its highest stage of 14.3 m at Slieola on 18 June 1959 and its lowest stage of 
3.9 m on 8 March 1973. 
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5.2.3.2 Surnla River 

The Surma River has two gauge stations: orie within tlie project area at Kariaighat, .and the other 
downstream and outside the project area at Sylliet. Table 5.9 sliows tlie river's extreme water 
levels and discharge at tlie two stations fro111 1951 to 1990. Table 5.10 sliows tlie niontlily 
extreme water level for the year 1990 and 1991 at Kaiiaigliat station only. 

T a b l e  5 . 7 .  Maximum and minimum w a t e r  l e v e l s  (m) and d i s c h a r g e  (m3/s )  i n  t h e  
K u s h i y a r a  a t  Amalsh id ,  S h e o l a  and  Fenchuganj  f o r  t h e  p e r i o d  1951-  
1 9 9 0 .  

- 

Amalsh id  s h e o l a  Fenchugan j 

Water D i s -  Water Dig -  Wa- Dis- 
Leve  1 c h a r g e  L e v e l  c h a r g e  ter c h a r g e  

Leve  1 
--  - - - - - - 

Maximum 1 8 . 0 0  N.A 1 4 . 3  2 9 7 0 1 1  N .  A 
( 1 8  June-  ( 1 8  June  

' 5 9 )  ' 5 9 )  
Minimum N .  A 3 . 9  2 5 2 . 1  2 5 . 5  

5 . 9  , ( 8  Mar '73)  
( 8  Mar- 

' 7 3 )  

Table 5.8. Extremes of  water l e v e t s  (m) of  the Kushiyara River  i n  1990 and 1991 a t  Amatshid arld Sheota 
( f i g u r e s  w i t h i n  parentheses ind icate  date  of occurrence). 

Year Level Jan Feb Mar Apr May Jun Ju ly  Aug Sept Oct Nov Dec 
m 
- - - - - - - - - - 

Amalshid 

Maxi-  #.A N.A 10.4 15.7 15.1 17.3 17.9 17.3 17.0 14.9 9.8 8.8 
lW0 m m  (27) (24) (17) (10) (13) (17) (27) (14) (1) (29) 

M i n i -  N.A N.A 6.8 10.4 9.6 13.8 14.8 13.3 12.3 14.7 8.5 7.7 
m (18) (1)  (13) (1) (26) (31) .(5) (8) (30) (31) 

Maxi- 8.1 10.9 7.8 8.5 17.9 16.9 16.4 16.4 16.8 N.A N.A N.A 
m (7) (6) (13) (13) (10) (19) (1)  (19) (26) 

1991 
M i n i -  7.1 10.9 6.7 6.7 10.8 14.7 12.1 13.5 13.8 N.A N.A N.A 

(31) (5) (27) (21) ( 1 )  (2) (3) (2) (13) 

M a x i m  #.A #.A N.A N.A 12.4 14.0 13.9 14.1 13.9 13.7 10.0 7.0 
(17) (10) (3) (18) (29) (1)  (9) (23) 

lW0 
M i n i m  #.A N.A N.A N.A 8.6 12.2 12.8 12.0 11.0 8.8 6.9 6.0 

(19) (1)  (26) (31) (6) ( 3 )  (30) (31) 

M a x i m  6.6 7.5 6.1 11.5 14.2 13.8 13.6 13.6 13.8 13.1 N.A N.A 
(8) (7) (14) (5) (10) (15) (1) (14) (27) (16) 

1991 

M i n i m  5.5 5.3 5.0 5.5 6.9 12.8 10.8 11.1 12.0 10.0 N.A N.A 
(31) (25) ( 1 )  ( 1 )  (2) (31) (31) (1)  (13) (26) 



Surma-Kushiyasa EIA Case Study - June 1992 

T a b l e  5 . 9 .  Maximum and minimum w a t e r  l e v e l  ( m )  and d i s c h a r g e  ( m 3 / s )  o f  t h e  Surma 
R i v e r  a t  Kanaighat  and S y l h e t .  R e p o r t i n g  p e r i o d :  1951-1990 .  

Kanaighat  s y l h e t  

Water L e v e l  D i s c h a r g e  Water L e v e l  D i s c h a r u e  

Maximum 1 5 . 3  2480  
( 1 0  May 

1 9 9 1 )  

Minimum 3 . 2  
( 1 9 5 8 )  

Table 5.10. Extremes o f  water Levels (in) o f  the Surma i n  1990 and 1991 a t  Kanaighat. Figures i n  parentheses 
i n d i c a t e  date o f  occurrence. 

Year Level  Jan Feb Mar Apr Hay Jun J u l y  Aug Sep Oct Wov Dec 
m 

Maxi- N.A N.A W.A W.A 12.2 14.8 14.2 14.7 14.9 14.1 8.5 5.5 
m (31) (7) (13) (12) (28) (1 )  (9 )  (23) 

1990 

Min- W.A N.A N.A N.A 7.3 11.9 12.4 11.5 9.9 7.0 5.4 4.7 
i m m  (13) (1)  (26) (31) (6 )  (31) (30) (31) 

Max- 5.0 5.6 4.6 10.3 15.3 14.2 13.6 13.5 14.6 N.A W.A N.A 
i m m  (8 )  (7 )  (17) ( 6 )  (10) (20) ( 6 )  (5 )  (26) 

1991 

Min- 4.5 4.1 4.3 4.4 5.8 12.4 9.8 12.0 11.8 N.A N.A N.A 
imm (31) (26) (29) (1)  (1)  (2)  (30) (31) (31) 

Table 5.11. M a x i m ,  m in imm and mean f low (m3/s) o f  wet season i n  the  Kushiyara R iver  and Sada Khal . 
Kushiyara River Sada Khal 

Pe r i od  1952-63 

Maximm 

M i n i m  

Mean 

Pe r i od  1920-76 

Maximm 

M i n i m  2130 250 

Mean 2160 350 
Source: Northwest Hydrau l ics  (1986) 
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5.2.3.3 ~ a d a  Khal 

The Sada Khal is located in tlie soutliern part of tlie project area and is known by 13 different 
names at various locations originating as Rahiriipur Khal at tlie Soutlieast part of tlie Kushiyara. 
I t  is fed by many small canals tliat flow from the Kusliiyara and Sur~iia Rivers. Sada Khal's 
highest recorded flow was 4000 m3/s on 4 August 1964 at a stage of 12.9 m (Nortliwest 
Hydraulics 1986). 

Examination of reported discharges for the Kushiyara River and tlie Sada Khal near Slieola for 
the years 1952 to 1963 and 1970 to 1976 indicate a substantial reduction of Sada flows and 
an(Northwest Hydraulics 1986). Possible reasons include canal closures tliat reduced the number 
of Surma River spills, dike and road construction, and canal sedimentation of tlie Raliimpur and 
other Khals. Table 5.11 sliows the annual niaxilnum flows of tlie Kusliiyara and Sada 
Khal.increase in Kushiyara flows. 

5.2.4 Cl~aracteristics of Flood Flolvs 

The Barak-Sur~na-Kusliiyara system lias a large drainage area and a large flood plain storage 
capability. The system's flood hydrograpliy characteristics include lo~ig periods of rise and fa'll, 
and overlapping effects of successive rainstorliis. Such characteristics produce sustained liigli 
flows for weeks or months. A typical seasonal discharge hydrograph for the Kusliiyara River 
at Sheola is sliown in Figure 5.7. 

Stage hydrograplis of Kushiyara river show tliat rising water levels in April and early May cause 
flash floods. Water usually recedes for 15 - 60 days after tlie flash floods witli occasional 
recurrences. The actual flooding season begins in June. Fro111 1973 to 1983 tlie bankfull stage 
at Amalshid and Sheola exceeded in 1983. From 1984 to 1991 tlie bankfull stages were 
exceeded three tinies in 1987, 1988 alid 1991. 

The 1973 Upper Kusliiyara Project report included river stage frequency analysis for tlie 
Kushiyara at Amalshid, Slieola and Fencliugalij, and for tlie Surliia at Kanaigliat and Sylliet. 
Chow's extreme probability treatment and curve fitting by the least square method was used. 
The MPO has updated the data witli an analysis by Log Pearson Type 111 for various recurrence 
intervals. The latest analysis by MPO in 1988 is sliown in Table 5.12. 

Flood discharge records for tlie Kusliiyara River at Slieola and for tlie Sur~iia River at Sylliet 
were analyzed in the 1974 report because tliese two statioos liad cotiiparatively long record 
periods. The records were updated by MPO and tlie analysis of tlie data by Log Pearson Type 
I11 is presented in Table 5.13. 

5.2.5 Low Flows 

Low flow frequency analysis for 1- and 10-day mean 1iiini1nu111 flows i n  April from 1951 to 
1990 was made and is show11 i n  Table 5.14. The a~ialysis is of tlie Surma at Kanaigliat and the 
Kushiyara at Slieola at 90 percent frequency. This data is used to co~iipute irrigation water 



April May  June July August September October 198  2 

F i g u r e  5 . 7  Typical seasonal hydrograph for 
Kusiyara River a t  Sheola. 
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Table 5.12. River stage-frequency analysis for different return periods at 
designated stations (Stage in m). 

Analysis Barak at Kushiyara at Kushiyara at Surma at Surma at 
Period Amalshid Sheola Fenchuganj Kanaighat Sylhet 
(Years) 1962-88 1964-88 1947-7 1 1952-71 1959-88 

5 17.6 14.0 10.5 14.4 11.5 
10 17.7 14.1 10.8 14.6 11.7 
2 0 17.8 14.2 11.2 15.0 11.8 
50 17.9 14.3 - 15.5 12.0 

100 18.0 14.4 - - 12.0 

200 18.0 14.4 - - 12.1 
500 18.1 14.5 - - 12.2 

Source: MPO (1988) 

Table 5.13. Flood discharge-frequency for different return periods for the 
Kushiyara and Surma at designated stations in m3/s. 

River Kushiyara surma 
Stations Sheola Kanaighat 

Analysis period 1964-88 1969-87 

Surma 
Sylhet 

1964-87 
(Years) 

5 2530 2380 . 2270 

Table 5.14. Estimated minimum low flows (90 percent frequency, m'/s) in the 
Barak, Surma and Kushiyara Rivers in April (numbers in parenthesis 
indicate ~ercentaae of total flow). 

- - 

River 1-day Mean Minimum 10-day Mean Minimum 

Barak 27.9(100%) 35.4(100%) 

Surma 2.4(9%) 4.3(12%) 

Kushiyara 25.5 (91%) 31.1(88%) 

supply for tlie project.Table 5.14 shows that 90 percent of tlie Barak's dry season flow runs into 
the Kusliiyara and 10 percent into the Surma. This distribution is evidenced by the Kusliiyara's 
higher slope in river bed. From the bifurcation point for 6 k m  the river bed of the Kusliiyara 
is much deeper than the Sur~na. Its bed slope is 100 mnllkm compared to the Surma's 50 
mmlkm.  Also, more erosion takes place aloiig the Kirsliiyara, promoting niore flow into its 
waters and less into the Surnia. 

Possible surface water sources for irrigation are tlie dry season water flows of [lie Sirrma in the 
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northeast and the Kusliiyara in the south. A statistical analysis of dry season low flows is given 
at Table 5.15. 

5.2.6 Drainage 

The project area contains niany wetlands and depressions tliat retain water most of tlie year and 
present complex drainage problems. Tlie pri~iiary natural drain for tlie area is Ralii~npur Khal. 
I t  assunies the name Sada Khal as i t  joins tlie Kushiyara through tlie Karati Klial. Due to high 
bed levels i n  the Surma and Kushiyara rivers and lieavy siltation of the klials, gravity drainage 
out of the study area appears to be restricted to the months from mid-October tllrougli March. 
There are seven recognizable khals on tlie Kushiyara's riglit bank between Anialshid and Sheola 
that allow high flow to enter the project area when stages are al~iiost bankfull. These klials liave 
bed levels of about 3 111 below the top of tlie riverbank and are connected through various becls 

Table 5.15. Water availability (m'/s) of the Kushiyara and the Surma in dry 
months at different frequencies in m3/s. 

Kushiyara River at Sheola Surma River at Kanaighat 

January 65.1 + 56.6 + 48.1 + 4.8 + 4.4 + 4.1 + 
70.8 * 62.3 * 53.7 * 5.4 * 4.8 * 4.7 * 

February 53.7 + 42.5 + 28.3 + 3.5 + 3.1 + 3.0 + 
56.6 * 42.5 * 34.0 * 4.1 * 3.5 * 3.2 * 

March 45.3 + 34.0 + 25.5 + 3.4 + 2.8 + 2.4 + 
50.9 * 39.6 * 31.1 * 3.8 * 3.3 * 2.7 * 

Apr i 1 65.1 + 39.6 + 25.5 + 8.5 + 4.3 + 2.4 + 
79.2 * 50.1 * 31.1 * 28.3 * 11.3 * 4.3 * 

+ Discharge of one day minimum 
* Discharge of ten-day mean minimum 

and khals to Sada Khal. There are five khals from the Surma, ~iiost one of whicli liave silted 
and closed. There are also snialler khals from tlie Kusliiyara arid Surma tliat connect to the 
central khal system. Figure 5.8 shows the perennial and seasonal Khal of the project area. 
Water levels i n  tlie Sur~na and the Kushiyara are higher than tliose of tlie project area during 
most of the wet ~nontlis and Iience drainage to river does not occur in  tliat period. 

5.2.7 Sedinle~ltat ion 

Limited data on suspended sedi ~nent concentrations at Manumukli and Sherpur (Northwest 
Hydraulics 1986) suggests that loads are relatively ~iiodest for tlie Kusliiyara. Tlie highest 
concentration reported is 2300 pp~ii at Slierpi~r from a discliarge of 2300 m3/s. Sediment 
transport does not appear to be dominant or important in flood protection design. Tliere is some 
sediment deposition in tlie lower Kushiyara during late monsoon season due to reduced velocity. 
Kushiyara water taken between Zakiganj and Slieola in mid October conlained sediments and was 
quite turbid. The Surma River is also quite turbid and contains sediments during flood times. 

Various khals and beels have silted up causing drainage congestion - tliese include Senapati Klial, 
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Dubail Beel, Muskendar Kllal, July Beel, Slliker Mollal Khal, Urban Beel, Baiyur . Khal and 
Rallimpur Kllal. 

5.2.8 Erosioo and Brcaclling 

Erosiorl and breacllirlg occur along boll1 tlle Kuslliyara and Surnla, but is more pronounced along 
the Kushiyara because of more gradient and Iliglier velocity than that of the Surma. For 
exanlple, the village Bhuiya~nura used to stand about 3 km down west of Zakiganj, but erosion 
along the Kuslliyara has destroyed it. It is estimated that over the last 30 years, 3 k m  of larld 
was lost due to erosion at the village Blluiyanlura. Field observations in October 1991 conl?rnl 
that the area is still eroding. 

During 1991 erosion occurred at 14 different locatiolls along the Kuslliyara. Erosion was lllosl 
serious at A nlalsllid i n  Barathakuri Union, Blluiyalnura and Hydrabond in Kllolachara Union, 
and Ujirpur in Birsree Union. 111 additioll, the Barak River's llortllet-11 ballk is crotling at 
Anlalsllid. 

Severe erosiorl occurs i n  March, April, Seplenlber and October will1 the rise allcl fall of watcr 
levels. Between October and Decelllber 199 1, severe erosioll occurred at Anlalsllid Village. 
Figure 5.8 gives the erosion and breaclling spots of river banks. 

Seven exploratory bore lloles were drilled alotlg the north and eastern periphery of the project 
area in 1965 to assess ground water llydrology (EPWAPDA 1966). Sedimellt deposits observed 
at that time were predo!llinalltly fine textured soils alld clays. Five of the holes llad no potelltial, 
one had linlited potential and one (at Bara Takri) had good polential for develop~llent. 

The most recent review of groundwater resources ill tlie regional arca (Mot1 MacDollald 1990) 
indicates tile area generally has nloderate poteiltial for future groulldwater developnlent (Table 
5.16). 

Over 2000 lialld tube wells (HTW) were i~istalled by 1990 ill the arca by DPHE. Illtcrviewcrs 
discovered that 111ost HTWs provide atlequate water during the dry lilol~tlls of Marc11 and April. 
Many, however, are not in operating colldi tion. 

5.2.10 \\'atel. Quality 

Previous sttidies i n  the project area did not consider surface water or groundwater qi~ality in  any 
detail alld reported the results of only one sanlple fro111 the Kushiyara River (EPWAPDA 1967, 
Table 5.17) a1 h~lanillnukll, and sedinlell t concelltration allalysis of suspended setlilnenls a1 eight 
locations 011 boll1 llle Kushiyara and Surlna (Table 5.18). The results are presellted in Tables 
5.19 and 5.2 1 .  The water was rated suitable for irrigation a~ld was classified as low salille 
sodiurll water. Sediniellt qilantity was low (EPWAPDA 1966). 



Table 5.16. Potential of groundwater resources potential in the Surma-Kushiyara 
project area. 

Date Depth (mL Discharqe (l/s) 
Exploratory wells: 
Kanairghat Aug 1988 9 1 
Zakigan j Apr 1988 8 8 
Beanibazar Jun 1987 7 3 

Production Wells: 
Kanairghat Sep 1988 12 2 6 0 
Zakigan j Apr 1988 7 9 5 8 
Beanibazar Jul 1987 8 2 4 4 

Tube Well Potential: Potential Potential Cultivable 
Presentlv Drilled Command Cultivable Area Irrigable 
DTWs STWs LLPs -- - Area (ha) from DTWs ( % ) 

Kanairg hat 3 1 0 40,366 24,403 4 6 
Zakigan j 3 0 0 26,591 17,869 5 1 
Beanibazar 9 4 8 23,807 17,926 4 9 

- - 

Source: Mott MacDonald (1990) 

Table 5.17. Chemical analysis of sample water of the Kushiyara River at 
Manumukh. 

Date collected 
PH 
Spec. Cond. @2S0c micromhos/cm 
Total Dissolved Solids (mg/l) 
Calcium (cat') 
Magnesium (Mg " ) 
Sodium (Na') 
Soluble Iron (Fe+++) 
Bicarbonate (HCO,) 
Carbonate (C0,- ) 
Chloride (C1-) 
Sulphate (SO,) 
Nitrate (NO,.) 
Fluoride (F-) 

31 December 1960 
8.2 

17 3 
139 
0.4 
6.2 
14.5 
0.13 

98.00 
2.04 
3.00 
16.00 

- 0.11 
0.0 

Table 5.18.  Sediment concentration analysis of suspended sediment samples of Kushiyara and Surma rivers. 

Name of Name of Date of Water Discharge Sampling Surface Sampling Sediment 
River Station Col lec- level cfs position velocity Depth f t  concen- 

tion (PWD * f t/s tration 
f t. in o m  

Kushiyara Karati Khal 23.9.65 36.41 8 ,948 
,I I 1  I 1  I, I, 

Surma Atgram 23.9.65 41 .51 12,035 
I 1  I, I 1  ,I I 1  

II Kanairghat 26.9.65 38.24 20,117 
I 1  I 1  11 II I, 

II Charkhai 27.9.65 36.35 21,267 
,I I, 11 11 I 1  

+ Trace of fine sand in the sediment' 
LEU in sampling position stands for Left Edge of Water 



Table 5.19. Water q u a l i t y  i n  d i f f e r e n t  sources o f  ua ter  i n  Surma-Kushiyara p r o j e c t  area, October 1991. 

R i ve r  Canal Beel Tubeuel L 

Barak Kushi-  Kushi - Kushi-  Surma Sada Sad i r  Kakura J u l y  Ta 1 Dubai 1 Chatal Char Rahim- 
Amal- yara yara  yara Manik- Khal Kha l Khal Khal Nadi Bee1 Bee l Khal pur 
s h i d  Zakiganj  Rahim- Sheola pur Bazar 

pur  

D iss .  Oxy. 7 8 5 7 8 6 8 6 8 7 8 10 < 1 
mg/ L 

Sod. Chlor.  50 25 37.5 25 25 37.5 25 37.5 37.5 37.5 2 5 33.5 100 
mg/ 1 

N i t r i t e  0.02 0.02 0.02 0.02 0.02 0.01 0.02 0.02 0.07 0.01 0.01 
mg/ 1 

Carbon 15 10 15 15 15 7 10 10 5 5 7.5 5 65 
Oiox. mg/L 

F e r r i c  i r o n  0.8 1 0.6 0.8 0.8 0.8 1 0.8 0.6 2 1 0.2 2 5 
mg/ 1 

A l k a l i  mg/L 34.2 3 5 57.3 27.4 35 27.4 20.5 20.4 20.4 34.2 20.5 17.1 153.1 

Hardness 34.2 34.2 51.3 34.2 35 17.1 17.1 34. 2 34.2 34.2 17.1 17.1 68.4 119.7 
mg/ 1 

Table 5.20. Water q u a l i t y  i n  d i f f e r e n t  sources o f  water i n  Surma-Kushiyara p r o j e c t  area, December 1991 ( a l l  parameters measured i n  mg/L). -- 

Barak Kushi-  Kushi - Kushi-  S u r m  Karat i Tal  Nadi Chatal  Andu Bee1 Oubag Sept i Duba i l 
Amal- yara  Sh- yara  yara  Atgram Bee l Bee 1 Bee 1 Beel 
s h i d  eo la  Rah imwr  Zakiqani  

D iss .  Ox- 10 9 10 10 12 8 10.5 8 9 9 9 8 
ygen 

Sod. Chlor.  19 15 15 15 15 15 15 37.5 18 11.2 7.5 15 

Amnon i a 0.3 

N i t r i t e  

Carb. 5 15 2 0 10 10 
D iox ide  

A l k a l i  68 62 62 55 62 68.4 3 1 2 1 21 4 1 3 1 14 

Hardness 68. 4 68 68 68 60 60 34 17.1 10 34.2 17.1 17.1 



Table 5.21. water q u a l i t y  analyses o f  groundwater i n  S u r m - ~ u s h i y a r a  p r o j e c t  area. 

Upazi l a  PH TDS E C Ca N a Fe C 1 So4 8 mg/l A lk  N03N Po4 C03 
mg/L uS/cm mg/l mg/l W / L  mg/L mg/l mg/l mg/l mg/L mg/l 

Zak igan j  7.0 359 580 88 105 3 2 0.01 0 5 12.6 0.01 279 

Kanaighat 260 8 31.2 28.1 0.01 153 31 0 0 0.01 69 

Beanibazar 6.5 74 125 5 20.2 10.5 0.01 56 7 0.01 0 15 25 

Source: n o t t  MacDonald (1990) 

Table 5.22. Standard va lues f o r  water q u a l i t y  i n  Bangladesh f o r  va r i ous  uses. 

Parameter/ Determinants D r i nk ing  Water F i she ry  Water I r r i g a t i o n  Water 
U n i t  

A l k a l i n i t y  

Amnoni a (NH,) 

W/ 1 NYS 

mg/ 1 0.5 

Carbon D iox ide  (CO,) mg/ 1 NYS 

Ch lo r i de  ( C l )  mg/ 1 150-600 

D isso l ved  Oxygen mg/ 1 6 

Hardness (CaCo,) mg/ 1 200-500 

70- 100 NYS 

0.25 3 

6 NY S 

600 600 

4 - 6  5 

80- 120 NYS 

I r o n  (F,) 

N i t r i t e  (No,) 

PH 

W/ 1 0.3-1 NYS NYS 

mg/ 1 <1 0.03 NY S 

6.5-8.5 6.5-8.5 6.0-8.5 

TDS mg/ 1 1000 NY S 2000 
NYS: Not ye t  standardized. 
Source: Dept. Environment 



Table 5.23. Water q u a l i t y :  s u i t a b i t i t y  o f  ua te r  f rom r i v e r s ,  canals, bee ls  and tubewel ls  o f  Surma Kushiyara p r o j e c t .  

Parame- Tolerance B.desh Aver. S u i t a b i l i t y  Aver. S u i t a b i l i t y  Aver. S u i t a b i l i t y  Aver. S u i t a b i l i t y  
t e r  Cimi t Stand. R i v e r  Cana 1  Bee 1  Tube 
mg/ 1  D  F I D  F I D F 1 w e l l  D  F I 

N i t r a t e s  <1 (D) 0.02 i i i 0.02 i f i 0.01 i i i - - i i i 

l r o n  5 1 0.8 i i i 1 i i i 0.6 i i i 3.5 x i i 

Sod. 1000 600 33 i i i 3 5 i i i 29 i i i 100 i i i 
Chl. 

~ a r d n e s s  250 38 i f i 2 L i i i 17 i i / 94 i i i 

Diss.  2- 10 7 i i i 7 i i i 9 i i i - - i / x 
Oxy . 
A lka l  i n -  
i t y  

Carb. 
D  i ox. 

Amnon i a 

D  = D r i n k i n g  
F = F ishery  
I = I r r i g a t i o n  

i S u i t a b l e  
x Unsu i t ab le  
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Ten water saliiples frorii rivers, sever1 each from carials and beels aritl two fro111 tube wells were 
analyzed in  October and Deceliiber 1991 (Tables 5.22J.23). Figure 5.8 indicates tlie location 
of tlie saniples. Tlie analyses, altliop~rgli inco~nplete, give some indication of water quality for 
domestic, fisliery and irrigation uses. Results of 1990 gl-ound water tests at Zakigalij, 
Kanaighat and Beanibazar (Mott MacDoliald 1990) are given in Table 5.2 1.  Table 5.22 sliows 
water standards and liriiits for do~iiestic, fisliery and irrigatiori uses (DOE 1991). Using data 
found in these tables, water quality in  tlie project area is sulnniarized as in  Table 5.23. 

Dissolved Oxygen (DO): DO is satisfactory (5-10 riigll) for drinking, fishery and 
irrigation purposes. It averages 7 mgll in rivers arid calials and 9 riigll ill beels. 
The Bangladesh standard for drinking is 6 ~iigll; for fislieries, 46 rngll; and for 
irrigation, 5 mgll. 

Sodiulii Cliloride (NaCI): NaCl ranges fro111 25 to 50 ~iigll in surface water and 
100 ~iigll i n  groundwater. Tlie Baligladesli standard is 150 to 600 nigll for 
variolls uses. 

Amnionia (NH,): NH, conte~it ranges froni 0.1 ~iigll to 0.8. mgll. The ground- 
water contains more tliali 2.4 nigll wliicli exceeds allowable lilnits of 0.5 nigll for 
doliiestic use, 0.25 nigll for fislieries and 3 riigll for irrigatioli use. 

Nitrite (NO,): NO, content averages 0.02 1ng1l in rivers and calials aritl 0.01 
~iigll in beels. Tal Nadi, a canal in tlie central part of project, sliows a liigli 
content of nitrite (0.07 ~iigll). 

Carbon dioxide (CO,): Dissolved CO, averages 14 ~iigll in rivers, 7 nigll in 
calials arid 6 ~iigll in beels. Tliese values are very high aritl toxic to fisli. 
Discharge of industrial wastes i n  tlie Barak River ]nay be a possible reas011 for 
sucli high content of carbon dioxide. 

Iron (I+): Fe content averages 0.8 mg/l for rivers, 1 rng/l for catials and 3.5 mg/l 
for grounb water. Tlie iron coateot is satisfactory ill surface water, but in 
grountlwater i t  exceeds tlie Ba~igladesli slalidard (0.3 to 1 nigll) and is close to 
toleralice li~iiits (5 ~iigll) for tlo~iiestic use. 

Alkalinity: Alkali~iity averages 34 mgll for rivers, 20 mgll for canals, 18 ~iigll for 
beels and 158 nigll for ground water. These levels are colisidered satisfactory for 
various uses. 

Calciu~ii Carboriate (CaCo,): CaCo, content, a ~iieasure of water Iiardness, 
averages 38 mgll in rivers, 24 nigll in canals, 17 ~iigll in beels and 94 ~iigll in 
grou~idwater. These levels are well below tlie Bariglatlcsli stantlard of 250 nigll 
for drinking water. 

pH: Tlie pH value averages 6.9 for rivers, 6.7 for canals, 7.1 for beels and 6.8 
for groundwater. These averages are interpreted as sliglitly acidic to neutral for 
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rivers, canals arid ground water, and are neutral for rivers, canals arid ground 
water, and are neutral to sliglitly alkaline for beels. 

Tlie main characteristics of surface arid ground water are su~n~narized as follows. Surface water 
is generally turbid, wliile po~ided water is somewhat clearer. Black oily lunips are seer1 co~iii~ig 
from the Barak River fro111 an industry situated in India. Local people alorig tlie Kusliiyara 
River claim that tlie water beconies black colored in winter wlie~i tlie flow is reduced, arid that 
fish are smelly and taste bad. Grou~idwaler does not taste good and sollie tubewell water has 
a very high iron content (10 nigll at Anialsliid liydrology site). Furtlier investigations are 
necessary to assess the reasons for tliis. 

Iron and carbon dioxide levels are Iiigli, and tlie latter levels are potentially toxic to fish in  rivers 
arid canals, but only niargirially toxic i n  beels. Tlie iron co~ite~i t  of groundwater niakes i t  
unsuitable for dririkirig purposes. The pH is acidic to neutral in general and is suitable for 
drinking arid fislieries. In general tlie dri~ikirig water situation is dis~iial. Surface water is 
unsuitable for drinkirig. People prefer tubewell arid porid waler, but tlie latter is highly 
corita~iiinated by ~iiicrobes. 

5.3.1 Soils and Topog~.aphy 

Soil surveys of tlie area were used to evaluate soil potentials, to decide the best use arid kind of 
developriient for tlie various type of soil and to deterniine soil constraints on agricultural 
developriient. Tliis was also 11sed for describing tlie soils of tlie areas arid tlicir relationsliips to 
the topograpliy arid hydrology. Soil surveys were done in 1964 by tlie EPWAPIIA (now 
BWDB) and updated iri 1973 by SARM Associales Ltd. Tlie soil liiap prepared by SARhl is 
si~iiilar to tile soil association riiap prepared by tlie Soil Resource Developnient Institute 
(reconnaissance soil survey report of Saclar and Moulvibazaar subdivision of Sylliet district). 
Tlie entire project area is coverecl by six soil associations. 

5.3.1.1 Soils 

Soils in tlie project area were developed i n  alluvial sedinients laid down by tlie Surriia and 
Kushiyara Rivers. Because both rivers originate fro111 tlie Barak River, parent ~iiaterials of tlie 
soil are si~iiilar. Eight soil series have been ide~itified so far. Areas and perce~itages of tlie soil 
series are given i n  Table 5.24. These soil series are ~iiapped i n  soil associati011 to sliow tlieir 
relative distribution in tlie project area (Figure 5.9). 

Heavy clay soils occur i n  tlie deeply flootled basiris and cover about 5691 ha (20 perce~it) of tlie 
cultivated area. Silty clay soils occur on low, s~iiootlied out ridges and edges of basiris, and 
cover about 7277 ha (26 percent). Silty clay loams are found priniarily on riclges on about 
10.462 ha (37 percent) while mediu~ii texture soils (loam to silt loa~ii) occupy tlie liiglicst 
topograpliical positio~is and cover about 4400 Iia (16 percent). 
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Table 5.24. Areas of soil series in the Surma-Kushiyara project. 

Name Area (ha). Percentage 

Balaganj 3483 
Goyainghat , 10462 
Kanaighat 7277 
Kushiyara 917 
Phagu 5204 
Terchibari 487 

Total 27830 100.0 

Data source: BWDB (1974) 
'~rea as determined in 1974 studies. Additional soil series mapping was not 
undertaken for this EIA. 

Fine texture soils (silty clays and clays) are poorly to very poorly drained, grey to dark grey i n  
color and have low available moisture liolding capacity. Moderately fine textured (silty clay 
loam) and medium textured (silt loani) soils are olive brown to grey i n  color, i~iiperfect to poorly 
drained and have high to moderately liigli available moisture liolding capacity. Tlie natural 
fertility of these soils is moderate and they are capable of producing fairly good crops with very 
little fertilizer. Agricultural production, Iiowever, call be increased by applying niixed 
fertilizers. 

The physical and cheniical characteristics of each soil series and relatio~isliips to topography are 
shown in Figure 5.10. 

5.3.1.2 Land Type 

The project area is subjected to seasonal flooding of varying depths and duration. On tlie basis 
of the surface inundation by normal flood, four land type classes have been identified in tlie 
project area by following standard classificatio~i of AEZ. 

Highland: Land above nor~iial flood level 
Medium highland: Lalid seaso~ially flooded up to 90 c~ii 
deep 
Medium lowland: Land seaso~iall y flooded between 
90- 180 cm deep 
Lowland: Land seasonally flooded more than 180 cln deep. 

Major soils of tlie area occupy more Llia~i one lalid types, so tliese soils liave been sub-divided 
at phase level to incorporate land type cliaracteristics for agricultural use. Exceptio~is are 
Kushiyara and Terchibari series wliicli occur on higlila~id and lowland respectively. 

5.3.1.3 Land Capability 

Land capability classification groups soils to indicate relative suitability for sustai~ied colnlnoli 
agricultural production. The classiticatio~i described liere was developed by the Soil fig 5.9 
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Figure 5.10. Relationship of soils to topography and liydrology in the Surma-Kushiyara 
project area. 

Resources Develop~nent Institute to suit tlie agricultural conditions of Bangladesh arid is similar 
to the U.S. Soil Conservation Service classilicatioli system. Highest class soils are most 
effective for agriculture use. I n  successive lower classes, effectiveness drops and inore effort 
is needed to produce liigli crop yields. 

The project area has good agricultural land of about 45 percent of cultivable area and major soils 
are highland and niediu~n highland phases of Balaganj, Goyairigliat and Kanaighat series. More 
than 50 percent of tlie arable land is poor to moderate agricultural land occupying lowland and 
medium lowland pliases of Pliagu, Kanaighat, Tercliibari and Goyaingliat series. Each land 
capability class and its percentage of tlie total cultivable area is shown in Table 5.25. 
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Table 5.25. Areas of l a n d  c a p a b i l i t y  classes.: Surma-Kushiyara  project  area. 

Land C a p a b i l i t y  C l a s s  Area ( h a ) .  Pe rcen tage  

Good a g r i c u l t u r a l  l a n d  12604 45 .3  

Moderate a g r i c u l t u r a l  l a n d  2827 10.1 

Poor a g r i c u l t u r a l  l a n d  12399 4 4 . 6  

TOTAL 27830 100.0 

Source: S A M  Associates (1973)  
A r e a  a s  d e t e r m i n e d  i n  1973 s t u d i e s  

5.3.1.4 Physical Lilllitatiorl for Agricultural In~provement 
I 

Agriculture is limited in the project area by deep flooding, rapidly rising flood waters, poor soil 
drainage, wetness of the basin soils in  the early part of tlie dry season. Agriculture is 
also limited by the heavy consistence of basil1 soils that make cultivation difficult with traditional 
country ploughs. 

During 1991 fresh sediments were deposited during flash floods. Saniples of such sediments 
were collected from the surface of tlie topsoils of Kusliiyara arld Balaganj soil series. Tlie 
samples were analyzed in  tlie laboratory of Soil Resources Develop~nent I~istitute for major and 
minor soil nutrients. Result's revealed that both samples are acidic and coarse, and that organic 
matter and nitrogen are low compared with the national average (Table 5.26). Both samples 
contained moderate levels of calcium and magnesium, but potassium is Iiigh. Tlie saniples were 
high in micronutrient sulphur, boron, copper and manganese, and very high i n  iron and zinc. 

5.3.2 Agricrrlture 

Crops, cropping patterns, cropping intensity, production and agriculti~ral limits of the Upper 
Kushiyara Project were described in two feasibility reports (EPWAPDA 1966, SARM Associates 
Ltd. 1973). The EPWAPDA study gathered information on crop damage primarily by 
interviewing farmers in the field. Major cropping patterns were broadcast aus followed by 
transplanted aman (32 percent) in higher areas and single crop of transplanted aiiian (30 percent) 
in  the lower areas (Table 5.27). Siligle crop of broadcast aman (7 percent) and boro (3 percent) 
were the other minor cropping patterns. Croppi~ig intensity was 92 percent and annual cereal 
production was 27,000 tons in a cropped area of about 32,000 Iia. About 14,000 ha of cropped 
land was damaged by flood with yield losses of 12,000 tons. 

SARM Associates Ltd. (1973) described flooding as a continual menace to area, farmers 
reported that flooding was responsible for major crop losses. A land use survey also was 
conducted in early 1972 to determine which crops were grown in  tlie area. The major 



Table  5 . 2 6 .  A n a l v t i c a l  r e s u l t s  o f  f r e s h  sed iments .  

meq/100gm S o i l  Microgram/ml so i l  

Sample Sand S i l t  C l a y  Text-  pH OM 
( % )  ( % )  ( % )  u r e  ( % )  Ca M g  K N S B o  Cu Fe Mn Zn 

E- 1- 4 9 . 0  4 6 . 0  5 . 0  Sandy 6 . 0  0 . 6  3 . 0  2 . 0  0 . 7  1 0  23  1 . 8  4 . 0  5 7 0  3 9  32  
loam 

E-2'  7 8 . 6  1 9 . 4  2 . 0  ~ o a m y  5 . 9  0 . 4  2 . 1  1 . 7  0 . 8  1 0  3 3  1 . 4  3 . 0  4 5 0  2 6  1 8  
Sand 

Sediment from t o p s o i l  o f  Kushiyara  series a l o n g  t h e  Surma River  
+ Sediment from t o p s o i l  o f  Ba laganj  series near  t h e  Kushiyara R i v e r  
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Table 5.27. Land use i n  the Surma Kushiyara p ro jec t  area in 1964 and 1973. 

Land Use Class - 1964 - 1973 
Area(ha1 , 'Percent Area(ha) Percent 

Non-arable Land 

C u l t i v a t e d  F a l l o u  607 
Manestead and Orchards 5110 
Permanent Uater 657 
Roads, Rivers etc.  648 
Thatching Grass 141 
Bamboo Bushes, thatch ing grass and pasture 
Roads. Schools, mosques, graveyard etc. 
Ponds, d i tches,  and o ther  permanent water bodies. 

Total :  7163 

Arable Land 

Aus - T .Aman 
T.Aman on f l ood  damaged land o f  B.Aman 
Broadcast Aman 
Boro 
Seed Beds 
Linseed 
T . Aman 
B.Aus - Rabi Crops 
T.Aus (HYV) - T.Aman 
Seed Bed - Rabi Crops 
Seed Bed - T.Aman 

Total :  22,581 75.92 25,496 79.75 

Grand Total: 29,744 100.00 3 1.972 100.00 
Source: BWB (1966) and SARM Associates (1973) 

cropping pattern was single broadcast aliian which occupied over 30 percenl of tlie project area 
(Table 5.29). The next most iinporta~it cropping pattern was broadcast aus followed by 
transplanted aman (24 percent). Next i n  importance was transplanted ails followed by 
transplanted aman (10 percent). Boro (4 percent) was grown on low pockets especially in the 
bee1 area, although beels were supposed to be an irrigation source. Rabi crops were grown in  
minor areas (3 to 4 percent). Croppitig inlensity was 144 percent in a cropped area of about 
36,000 ha. Annual cereal production was 42,000 tons. 

Land Types 

Different land types were charted by sirperimposing relevant water level dala on the area 
elevation curve (Table 5.28). Areas occupied by Iiomesteads, orchards, roads and pernianent 
water bodies were deducted to identify the net area available Tor crop production. Distribution 
of land types are shown in Figure 5.1 1. 

5.3.2.2 Agricu1tu1-al Land Use 

Of the gross project area's 39,000 Iia, about 29,700 ha are available for agriculti~ral crop 
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T a b l e  5 . 2 8 .  Land t y p e  d i s t r i b u t i o n  under p r e - p r o j e c t  c o n d i t i o n  i n  t h e  Surma- 
Kushiyara p r o j e c t  a r e a .  

Land Type T o t a l  Area N e t  Area a v a i l a b l e  
f o r  A g r i c u l t u r e  Remarks 

High Land 1 3 , 8 3 1  7 , 2 0 1  6 , 6 3 0  ha under Homesteads,  
( 3 5 )  ( 2 4 )  Orchards ,  Roads e tc .  

( 1 7 )  

Medium High 5 , 9 5 4  5 , 9 5 4  
Land ( 1 5 )  ( 2 0 )  

Medium Low 
Land 

Low Land 8 , 2 2 5  2 , 6 7 0  ha under permanent 
( 2 8 )  water  b o d i e s  

(7 

T o t a l :  3 9 , 0 0 0  2 9 , 7 0 0  
F i g u r e s  w i t h i n  p a r e n t h e s i s  i n d i c a t e  p e r c e n t a g e  o f  t h e  t o t a l  a r e a  

production. Ho~llesteads, villages, roads and embank~nents occupy 6630 Iia, while water bodies, 
including khals and perennial wet land, cover 2670 ha. 

Most cultivated areas on high and medium-high land are double cropped. Single cropping is 
dominant in the medium-low and lowland areas. However, about 2 percent of medium-low and 
lowland cultivated areas cannot be cropped in any season because of unfavorable hydrologic 
conditions. The current cropping intensity is 144 percent. 

5.3.2.3 Cropping Pnttel-11s 

Currently , various varieties of rice are the pri ~iiary crops grown duri ~ i g  the three cropping 
seasons: kharif 1, kliarif 2 and rabi. Aus rice, grown during kharif 1, followed by transplanted 
aman rice, grown during kharif 2, are the dominant rices found i n  highland and mediuni- 
highland areas. Non-rice crops cover only 3 percent of cultivated Iiighlands, and are grown in  
the Rabi season after aus rice. Non-rice crops i~iclude potato, oilseed, chili and various 
vegetables. Single cropping prevails 011 medium-lowland and lowland. Cropping pattern details 
are presented in Table 5.29. 

Local and higli-yielding varieties (HYV) of aus rice are grown on 42 percent and 5 percent of 
the cultivated area, respectively, during kllarif 1.  Broadcast alnan rice is sown on 23 percent 
of cultivated areas during kharif 1 ,  but only 9 percent of this crop survives. Local varieties of 
transplanted alnan rice is grown on about 54 percent of tlie cultivated area during kliarif 2. The 
54 percent includes areas where seedlings are transplanted after recession of flood waters that 
damage the broadcast aman rice. Also during kliarif 2, HYV anian rice are grown on about 8 
percent of cultivated land. Local and HYV boro rice are grown in  lower elevations on 17 and 
7 percent of cultivated areas respectively. It is apparent that local varieties of rice are dominant 
and that HYVs are restricted by floods and drainage congestion. 
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Table 5.29. Cropping pa t te rns  under p re -p ro jec t  c o n d i t i o n  i n  the  Surma-Kushiyara p r o j e c t  area. 

Land Type C r o w i n g  P a t t e r n  Area(ha) Cu l t  .Area 
K h a r i f - 1  K h a r i f - 2  Rabi Under the  ( x )  

P a t t e r n  

High Lend B.Aus(L) T.Aman(L) 
T.Aus(L) T.Aman(L) 
T.Aus(L) T.Aman(H) 
T.Aus(H) T.Aman(L) 
B.Aus(L) T.Aman(H) 
SeedBed T.Aman(L) 
B.Aus(L) Fa l t ou  

Mediun 
High Land 

nediun 
Lou Land 

Lou Land 

B.Aus(L) T.Aman(L) 
B.Aman(D) T.Aman(L) 
Fal  l o u  T.Aman(L) 
B.Aman B.Aman 
Fal  l o u  F a l l o u  
F a l l o u  ' Fal  l o u  

B.Aman B.Aman 
Fal l o u  Fal l o u  
Fal  l o u  Fal  l o u  
Fal  l o u  Fal  l o u  

F a l l o u  . 
Fal l o u  
Fal l o u  
F a l l o u  
F a l l o u  
F a l l o u  
Rabi Crops 

Fal  l o u  
Fal  l o u  
Fal  l o u  
Fal  l o u  

Fal l o u  
Fal l o u  
Fa1 l o u  
Fal  l o u  
Boro(H) 
Fal  l o u  

Fal l o u  
Boro(H) 
Boro(L) 
Fal  l o u  

Grand To ta l  29,700 100.00 

Table 5.30. Crop area and product ion  under p re -p ro jec t  c o n d i t i o n  in the  Surma-Kushiyara p r o j e c t  area. 

CrbP Area Area Product ion  Product ion  
( t )  Lost ( t )  

Normal Damaged Normal Damaged 

To ta l  Paddy: 55,087 23,989 

Rabi Crop 72 1 1 .O 72 1 
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5.3.2.4 Crop Productio~i 

Because crops are frequently damaged by floods, average yields for each crop was estimated for 
normal and damaged condition. These conditions were recorded from the field and compared 
with regional average data of MPO (1986). 

Total production was computed by adding production from normal areas with normal yield 
levels, and production from damaged areas with damaged yield levels (Table 5.30). A 
production loss figure was computed by deducting damaged yields from estimated normal yields. 
Current cereal production is 55,087 tons per year, based on 450 gralns of cereal required per 
person per day, the annual paddy production requirement in  the project areas is 64,000 tons. 
Thus there is a shortage of about 9,000 tons of paddy for the present population. 

5.3.2.5 Crop Daniage 

Agricultural crops are damaged almost every year by flood: According to farmers, flash and 
seasonal flooding has become more frequent in  the last 5-7 years. Flood water stands in tlie 
fields for long periods because drainage is poor. Transplanting alnan and raising of seed beds 
for aman and boro is delayed by flooding. As a result, some lowlands and medium-lowlands 
lie fallow throughout the year. During April and May, flash lloods often destroy the early 
growth of aus and broadcast aman. Boro crops are damaged at harvesting stage, especially tlie 
late maturing HYV crops. Farmers solnetilnes recover danlaged aus by transplanting it later in  
fields of damaged broadcast aus. However, i t  is already colllmon to grow transplanted aman or 
deep water transplanted alnan in  the field of the damaged broad-cast aman. But transplanted 
aman also suffers under both seasonal floods and late flash floods. Once the crop is lost, 
farmers try a second transplanting, continuing the recovery process unti l  i t  is too late to grow 
transplanted aman. Crop damage data from 1967 - 1970 is presented i n  the 1973 feasibility 
report (Table 5.31). Existing damaged areas and current 

Table 5.31. Est imated y e a r l y  crop damage due t o  floods in  the  Surma-Kushiyara p r o j e c t  area.  

Crop Damaged Area(ha)/ Produc- 1967 1968 1969 1970 Average 
t i o n  l o s t  i n  tons. dur ing  

1986-90 

0. Aus Damaged Area (ha)  Produc- 2,374 1,805 2,705 2,740 4,467 
t i o n l o s t ( t o n s ) D a m a g e d  1,9902 1,645 1 1,753 2 2,169 2 3,127 
Area(ha) Production 

T.Aus Damaged Area (ha)  1,539 1,373 1,717 1,512 3,286 
Production l o s t  ( tons) 1,263 992 1,259 1,132 3,038 

B.Aman Damaged Area (ha)  3,519 6,313 8,664 5,293 1,758 
Production l o s t  ( tons)  2,921 6,653 9,469 4,566 2,813 

T.Aman Damaged Area (ha)  11,736 10,905 11,129 8,223 11,165 
Production l o s t  ( tons) 12,082 6,518 6,917 4,478 9,734 

Boro Damaged Area (ha)  3,240 
production l o s t  ( tons)  5,277 

Tota l  Damaged Area (ha)  19,168 20,396 24,215 17.768 23,918 
Production l o s t  ( tons)  18,256 15,808 19,398 12,345 23; 989 

Source: SARI4 Associates (1973) and own observations. 
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Figure 5.12. Extent of crop damage fro111 flooding in Surma-Kushiyara project area. Data 
from SARM Associates (1973) and own observations. 

Table 5.32. Input use l e v e l  i n  d i f f e r e n t  crops under pre-pro ject  condi t ion i n  the Surma-Kushiyare pro ject  
area.  

Crop Person Animal F e r t i l i z e r s  (kg/ha) Pesticides 
Days P a i r -  Seed Urea TSP MP (kg/ha) 

Days (kg) 

B Aus(1) 136 42 100 7 5 2 0.0 

T Aus(1) 155 5 3 25 14 12 8 0.0 

T Aus(H) 165 5 5 25 41 33 18 0.0 

B Aman 115 42 100 0 0 0 0.0 

T Aman(L) 155 44 25 15 11 8 0.0 

T Aman(H) 165 46 25 28 24 16 0.5 

Boro(1) 160 4 0 25 12 0 0 0.3 

Boro(H) 205 6 2 25 40 30 20 0.5 

Rabi Crops 95 35 1 6 5 3 0.0 
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yield losses were determined from field data. These figures represent average damage levels 
of the last several years (1985-90). 

Current flood damaged areas are nearer to damaged areas of 1969 mentioned in  the 1973 
feasibility report (Figure 5.12). The most damage occurred in  1969, the least in  1970 and there 
was no flood in  197 1 according to the feasibility report. 

Aus, broadcast aman and HYV Boro were seriously damaged by flash floods in  May 1991. The 
local boro was harvested before the flooding, but was damaged it1 its post-harvest stage later in  
May. 

5.3.2.6 Agricultural I~iputs 

Current use of agricultural inputs is low in the project area (Table 5.32) for repeated loss of 
crops every year. Cow dung, other marlures and pesticides are seldom used. Draft animals, 
such as bullocks and cows are ill-nourished and, therefore, not productive. Agricultural labor 
used for the crops grown in the areas are shown in Table 5.33. 

5.3.2.7 Irrigation 

Traditional irrigation practices are common in the project area. Conserved ponded water is 
transported by swing baskets and dones. Most local boro is grown on static water, so irrigation 
water is needed primarily for HYV boro rice. .Current water use is outlined i n  Table 5.15. 

Table 5.33.  Agr icul tura l  labor requirements under pre-pro ject  condi t ion i n  the S u r k - ~ u s h i ~ a r a  pro ject  
area. 

Crop Area Person-Days per Hectare . 
(ha) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Oec Totals 

Rabi crops 72 1 10 10 15 10 30 20 95 

Tota l  requi re -  220 170 515 747 595 515 949 749 509 265 607 665 6506 
ment : 
(000 Person-days) 
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5.3.3 Forestry and Homestead Vegetation 

Forestry and homestead vegetation are important in maintaining the environmental balance and 
play a significant role in the economic life of the people. Forestry and homestead vegetation 
were not studied in previous feasibility studies (EPWAPDA 1966, SARM Associates 1973) and 
were only briefly mentioned in recent North Central Regional Study (NCRS 1990). Forests in 
the study area consist of natural forests, tree plantations and homestead groves. 

5.3.3.1 Natural Forests 

Local people report that about two decades ago a few patches of natural forest and wood lots 
prevailed on khasland in the project area. These lands were usually situated in the highlands and 
are now privately owned and converted into cultivable land (as reported by local people). Tliis 
deforestation denuded the area, exposing clay soils to erosion from flash floods and incessant 
rain water. Patches of cane, patipata, keya, ekur and other shrubs are fourid i n  privately owned 
lands, and along roadsides and canal banks. 

Land available and suitable for tree plantations is scarce in the area. As the majority of land 
is under cultivation or inundated, tree plantations are restricted to roadsides, homesteads, 
schools, mosques, Upazilas and union office campuses, Eidgah and graveyards. 

Several species (Table 5.34) grow successfully in plantations along both sides of tlie Charkliai- 
Zakiganj Road and the Zakiganj-Atgraln Road. Sollie existing flood control 

Table 5.34. Dominant species in roadside plantations in Surma-Kushiyara project 
area. 

Local Names Scientific Names 

Raintree 
Babla 
Sissoo 
Koroi 
Dhol kolmi 
Arjun 
Hehogini 
Aswatha 
BatIKrishnabat 

Samanea saman 
A c a c i a  n i l o t i c a  
D a l b e r g i a  s i s s o  
A l b i z i a  s p p .  
Ipomea  s p p .  
T e r m i n a l i a  a r j u n a  
S w i e t e n i a  s p p .  
F i c u s  r e 1  i g i o s a  
F i c u s  b e n o h a l e n s i s  

enibankments (locally intervened) are planted with Ipor?ioea spp. but many were found without 
any plant, the reason could be either the full length of rows were not planted or the plantations 
were damaged or destroyed. The banks of most waterways are planted with cane, patipata, 
keya, ekur and hijal (scientific names given in  Table 5.35). Roadside, embankment and bank 
plantations protect slopes against wave and runoff erosion, while producing fuel wood, fodder, 
poles, timber, mats, fruits and petty cash. Road plantations are considered public property, but 
management of these areas is unclear. It is also unclear 
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Table 5.35. Scientific names of trees, shrubs and vegetables of economic 
importance in project area (local names are alphabetically ar- 
ranged) . 

Local Name English Names Scientific Names 

Aam 
Anarosh Arhhar 
Arjun 
Aswatha 
Ata/Sharifa 
Babla 
Bansh 
BatjKrishnabat 
Be 1 
Beth 
Boroy 
Chambal 
Chatt im 
Chalkumra 
Dholkolmi 
Ekur 
Dheras 
Gamari 
Gua 
Gub 
Hi jal 
Jam 
Jarul 
Jambu r a 
Jhinga 
Kadom 
Kanthal 
Kakrol 
Keya 
Khira 
Kola 
Komo la 
Korolla 
Kalo koroi/Shirish 
Lichu 
Lubia 
Handar 
Mehogini 
Mist ikumra 

Mango 
Pineapple 
Pigeonpea 

Bullocks heart 
Indian acacia tree 
Bamboo 
Banyan 
Woodapple 
Cane 
Plums 

Seven leaf tree 
Whitegourd 

Okra - - 
Betelnut 
Mangosteen 

Blackberry - - 
Grapefruit 
Cucurbit. veg. 
Cadamba tree 
Jackfruit -- 
Screwpine plant Cucum- 
be r 
Banana 
Orange 
Bittergourd 
Black koroi 
Litchi 
Cowpea 
Coral tree 
Mahageni tree 
Sweetgourd 

M a n g i f  e r a  i n d i c a  
A n a n a s  s a t i v u s  
C a j a n u s  c a j a n  
T e r m i n a l  i a  a r j u n a  
F i c u s  r e l i g i o s a  
A n n o n a  s q u a m o s a  
A c a c i a  s p p .  
B a m b u s a  s p p .  
F i c u s  b e n g h a l e n s i s  
A e g l e  m a r m e l o s  
C a l a m u s  s p p .  
Z i z y p h u s  j u j u b a  
A r t o c a r p u s  c h a p 1  a s h a  
A l s t o n i a  s c h o l a r i s  
B e n i n c a s a  h i s p i d a  
I p o m o e a  s p p .  
E r a n t h o s  r a v a n m a e  
H i b i s c u s  e s c u l e n t u s  
G u m e l i n a  a r b o r e a  
A r e c a  c a t e c h u  
D i o s p y r o s  s p p .  
B a r r i n g t o n i a  a c u t a n g u l a  
E u g e n i a  s p p .  
L a g e s t r o e m i a  s p e c i o s a  
C i t r u s  g r a n d i s  
L u f f  a c u t a n g u l a  
A n t h o c e p h a l u s  ch inens is  
A r t o c a r p u s  h e t e r o p h y l l u s  
M o m o r d i c a  cochinchinensis 
P a n d a n u s  o d o r a t i s s i m u s  
C u c u m i s  s a t i v u s  
M u s a  s p p .  
C i t r u s  r e t i c u l a t a  
M o m o r d i c a  c h a r a n t e a  
A l b i z i a  lebbeck 
L i t c h i  ch inens is  . 
Dolichos  l a b l a b  
E r y t h r i n a  v a r i e g a t a  
S w i e t e n i a  m a h a g e n i  
C u c u r b i t a  m a x i m a  

Table 5.35 continued on next page --> 

as to who is entitled to benefits from these plantations. :This ill-defined situation has jeopardized 
sustainable uses and develop~nent of biomass and wood production. 

Homestead G~.oves 

Almost every rural household grows some trees, shrubs and herbs on and around homesteads 
for the supply of fruits, vegetables, timber, construction materials, fuelwood etc. Livestock 
populations are low in  the project area and most of the available dung is used as manure. Jute 
and sugarcane are not cultivated, therefore some of the basic traditional sources of energy (BBS 
1990) are not available in the area. 
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Table 5.35. Continued. 

Local Names English Names Scientific Names 

Mortha/Patipata Matleaf C l i n o g y n e  d i c h o t o m a  
Narikel Coconut C o c o s  n u c i f e r a  
Neem Nim tree M e l i a  a z a d i r a c h t a  
Panikodu Bottlegourd L a g e n e r i a  s i c e r a r i a  
Pepe Papaya C a r i c a  papaya  
Palm Royal palm A l s t o n i a  s c h o l a r i s  
Raintree Raint ree Samanea saman 
Sabriam Guava P s i d i u m  g u a j a v a  
Sada Koroi White koroi A1 b i z i a  p r o c e r a  
shak/Danga Amaranths Amaranthus s p p .  
Sisso Sisso D a l b e r g i a  s i s s o  
Shimul Silk cotton S a l m a l i a  m a l a b r i c u m  
Shegun Teak T e c t o n a  g r a n d i s  
Urri Beans V i c i a  f a b a  

Households are dependent on homestead based trees, slirubs and crop residues for a period of 
six months; road sides, hill sides and eroded sliri~bs for tliree nion tlis and for about tlie rest tliree 
months people need to buy tlie fuel wood marketed mainly froni nearby hill forests. An average 
size household (8.9 persons) with an average area of homestead (0.22 ha) consumes about 7 tons 
biomass annually from the homestead forests. 

Tlie current study revealed that ho~iiestead vegetation, and therefore Iiouseliold income, is greatly 
affected by flash flood enter by breaching, overtopping and of excess flow through existing open 
canals. About 35 - 40 percent of total homestead-based income is lost to flash flood daniage 
annually. For example, betelnut trees, an i~nportant homestead cash crop, are seriously damaged 
by flooding. Table 5.37 shows that on an average each household possesses about 105 betelnut 
trees and the produce was valued over Tk. 8,000 annually i .e. each betelnu t tree can fetch about 
Tk.80 annually.Flash floods destroy 10 - 20 percent of existing betelnut trees arid alniost 100 
percent of the new seedlings are damaged. Those tliat survive usually do not produce optimu~n 
yields. Other iniportant cash plants, e.g. bamboo, cane and ~nortlialpatipata, also are damaged 
by flash and seasonal floods. In  addition, tlie yields and growth of most fruit trees e.g. banana, 
jack fruit, mango, papaya, plu~ii and grape fruits are hurt by flooding. Trees for fire wood and 
construction, material e.g. kadani, shimul and shirish, are also damaged by flooding. Surviving 
trees are often diseased, resulting in a yield and cash loss. Such tree damage occurs regardless 
of land type or distalices from rivers and beels. 

In  the medium highland of the Gandliadatta Mouza very close to Kusliiyara River tlie inundation 
level was about 100 cm, in  tlie ~nediu~ii lowland of Kazalshar Mouza close to a 
bee1 the inundation was 160 cm and i n  the highland Charigram Mouza very close to the Sur~na 
River the inundation was about 50 cm in 1991. Tlie inundation levels were very close to these 
figures in the 1989 floods. The depth and duration of flood water on tlie homestead is variable 
depending upon the land types, ranging from 45 - 170 cm above courtyard for 2 - 3 weeks in 
highland to medium-lowland. 

Homestead species are planted according to econo~nic importance. Table 5.38 lists 



Table 5.36. Source and valuat ion o f  f w l d  per iod ica l l y  by horncotead size, household s ize  of d i f f e ren t  mcuzas 

H m s t e a d  Shrub/ Roadside/Hillside 
House Horncstead Tree Crop Residues Shrrrba Purchase 
hold ~orncstesd ~ouseho ld  MS. a~k .30  Mnds. 0Tk.20 M n d s .  Tk.015 M e .  Tka0  
No. Mouza S i t e  (ha) Size (#) Month Month Months Months Total (Tk.) 

1. Candhadatta 0.17 11 66 2,000 3 M 1,400 3 70 1,000 3 40 1,200 3 5,600 

2. Gandhadatta 0.06 8 32 1,000 2 40 800 2 30 1,500 6 32 1,000 2 4,300 

3. Kajalsar 0.11 12 70 3,100 3 70 1,400 3 80 1,200 3 50 1,500 3 6,200 

4. Candhadatta 0.2 11 50 1,500 2 20 400 1 - - 198 5,940 9 7,340 

5. Candhadatta 0.22 ' 8 30 900 2 15 300 1 96 1,440 6 48 1,440 3 4,060 

6. Charigram 0.2 11 50 1,500 2 20 400 1 198 9,900 9 - - 11,800 

7. Charigram 0.70 8 32 1,000 2 15 300 1 30 450 1 128 3,840 8 5,590 

8. Satpari 0.17 5 30 900 3 30 600 3 - 60 1,800 6 3,300 

9. Hatershar 0.22 5 60 1,800 6 60 1,200 6 - - 3,000 

10. Natershar 0.22 9 108 3,240 6 110 2,200 6 - - 5,440 

11. Sheola 0.08 10 120 3,600 6 120 3,400 6 - - 6,000 

Average 0.22 8.9 58 1,867 3 52 1,127 3 45 1,408 3 50 1,520 3 5,695 

Tk=Taka, Mnds=Maunds (1 maund=37 kg.) 
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Table 5.37. Household income from betelnut trees. 

Household Betelnut tree Annual Income 
(No. ) (No. ) (Taka) 

1 100 10,000 

2 50 4,000 

3 2 5 2 , 000 
4 3 00 24,000 

5 30 2 , 000 
6 7 500 

7 2 50 15,000 

8 150 15,000 

9 20 2 , 000 
10 2000 16,000 

11 2 0 2,000 

Total 1152 92,500 

Average 105 8,400 
Average annual income per tree: Tk. 80.00 

dominant, common and rarely grown trees, as well as shrubs and vegetables of the area. Old 
homesteads are covered i n  a diverse number of species with betelnut being the dominant cash 
crop. New homesteads which are found i n  comparatively low areas have little species diversity 
(Table 5.39). New homesteads usually are first planted i n  banana saplings and betelnut seedlings 
for shade, then followed with baniboo and others. 

While new homesteads are being established, the young seedlings and saplings of banana, 
betelnut, coconut, jackfruit, litchi and bamboo are more susceptible to flood damage than those 
of old homesteads. Simultaneously, old honiesteads lose their older trees to flooding, but have 
difficulty establishing new seedlings or saplings in the continual flooding. New lio~nesteads in 
the project area are encroaching on croplands comprising high to niedium low lands. Due to 
population explosion the potential crop lands are being converted to homestead. 

5.3.4. Other Land Uses 

About 6,630 ha (17 percent) of the project area are used for homesteads, roads and embank- 
ments. Homesteads are found primarily along the project area's periphery and on highlands and 
medium-highlands. Homesteads consist of houses, ponds, vegetation, cow sheds, graveyards 
and more. Every village has at least one mosque with a pond. Embankments and roadsides are 
currently used as grazing areas. Winter vegetables such as beans and cowpeas are grown along 
roadsides by adjacent residents. Other income-producing plants and trees grown along roadsides 
include keya (Pandanus odorafissimuss), ekur (Eranfl~os ravunmae), koroi (Albizia spp. ), sisso 
(Dalbergia sisso) and babla (Acacia spp.). 

Buildings such as offices, schools, madrasas, hospitals and markets are usually found in and 
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around upazila and union headquarters. Urban areas exist only in  Zakiganj Upazila headquar- 
ters. In  addition, one or two brickyards were found, but no arable lalid is used for factories or 
industrial establishments. 

5.3.5 Livestock 

Commonly found livestock include bullocks, cows, buffalo, goats, chickens and ducks.. Bullocks 
and cows are dwarf, unhealthy, inefficient in farm operations and low milk producers. Buffalo 
are more productive draft animals than cows and bullocks. Wet marshy land inside the areas 
provide desired environment to graze to collect their food. Current livestock and poultry 
populations for an average farm are sliown in  Table 5.40. Buffaloes, bullocks and cows 
(including milk cows) are used for farm operations. Draft animal power was 3.2 1 in  1962, 2.59 
in 1973 and is currently 2.30 for an average farm size. Tlie ~iiajor reasons for this decline are 
flooding, shortages of feed and fodder, lack of grazing land, and diseases and epidemics. 

5.3.5.1 1111pact of Floods 

Flash floods harm livestock more than do seasonal floods. Wlie~i flood water inu~idales 
homestead courtyards it creates unliygie~iic situations that threaten tlie health of livestock. 
Animal shelters are poorly built, soggy and usually damaged i l l  lieavy downpoors. Frequent 
flooding weakens livestock to the point they are ineffective as draft aninials. Seasonal floods 
affect most homesteads, but tliey colifirie livestock inside tlie lio~iiestead for long periods between 
May and October. Livestock then depend upon stall feeding as seasonal floods reduce available 
grazing areas. In addition, poultry are often washed away in floods. Tlie 1991 flash flood 
caused significant damage to livestock and poultry. Acute sliortages of feed and fodder occurred 
after the flood, and some bullocks and cattle starved. Casrralties rose with Lhe outbreak of 
disease and epidemics. Livestock owners lost crops as well atid were forced to sell cattle to 
maintain their families. 

5.3.5.2 Feed a11d Fodder Sllo~lnges 

Farmers report feed and fodder sliortages are tlie ~iiost serious co~istraint i n  livestock production. 
Rice straw and bran, paddy byproducts, are tlie ~najor feed source. Repeated 
floods destroy crops in the field, severely redi~cing tlie a~iiount of straw arid bran available for 
livestock. Animals are most affected during the liionsoon when they niust be stall fed. S~iiall 
farmers cannot afford feed from the markets. Instead, they collect varioils types of aquatic 
weeds such as helencha (E11I1ydru ~~UCIIIUII~IS),  lalkasliuria (Bergiu cr~pensis), janglidliali 
(Hygroryza arisruru), golamethi (Qpenrs ragarij~~*~~iis) and water hyacinth (Eicl~horriia 
crassipes) for feed. Rarely, however, are tliese feeds of i rnproved ni~tri tional value. Stall 
feeding is not as difficult for mediu~ii and large far~iis as tliey spend between Tk. 2,000 and 
10,000 annually for feed from Llie ~iiarket. 

5.3.5.3 Grazing Areas 

Except for a few areas along roadsides, grazing lalid is difficult to find i n  tlie project area. Few 
cattle and bullocks graze throi~ghoi~t the year. In tlie past, khas lands were used for grazing, 
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Table 5.38. Homestead trees', shrubs' and vegetables1 o f  economic inpor tance i n  the  Surma-Kush i yara p r o j e c t  
area 

No Longer 
C u l t i v a t e d  due 

Types o f  t o  Flood Suscep- 
Vegeta t ion  Dominant Comnon Rare t i b i l i t y  

Trees and Gua (Betelnut') 
Shrubs Ko la  (Banana') 

Bansh (Ba~rboo') 
Beth (cane') 
Mortha (Pat ipata') 
Koroi  
Kadam 
H i j a l  
Keya 

Ata Kanthal K m l a  (orange') 
Aam (Mango) ( ~ a c k f r u i  t') ~hambol '  
Jarrtxlra (Grape f ru i t )  Nar i  k e l  (coconut') Shegun (Teak') 
Jam (Blackberry)  Sabr iam (Guava) ~eem' 
Ja ru l  Cub Be1 (Wood app- 

L i chu   i it chi') le') 
Boroy (Plun) 
Royal palm 
Sat i m  
Gamar i 
Mandar 

Koro l  l a  
( B i t t e r  gourd') 
Dharas (okra') 

~ r i  ( ~ e a n s )  ~ h i n g a '  
Lubia (Cowpea) ch i ch inga l  
M is t i kun ra  ~ a k r o l '  
(Sweet gourd) Pepe (papaya7) 
Chat kunra Khi r a  (~ucunber ' )  
(White gourd) 
Pani kodu 
( B o t t l e  gourd) 

S c i e n t i f i c  names a re  l i s t e d  i n  Table 5.35 
' Considered b y  v i l l a g e r s  t o  be most suscept ib le  t o  f l o o d  damage. 

Table 5.39. Selection of dominant and common tree and shrub species over time in 
settlement area. 

Homeetead Mound New Homestead Old Homestead 
Prior to House <5 years old >5 years Old 
Construction 

- ~ - 

1. Dholkalmi 1. Kola (Banana) 1. Gua (Betelnut) 
2. Ekur 2. Gua (Betelnut) 2. Bansh (Bamboo) 
3. Arhhar 3. Bansh (Bamboo) 3. Mortha (Patipata) 

(Pigeonpea) 
4. Mortha(Patipata) 4. Aam (Mango) 

5. Kadam 5 .  Kadam 
6. Koroi 6. Koroi 
7. Aam (Mango) 7. Jambura 
8. Jambura 8. Kanthal 

(Grapefruit) (Jackfruit) 
9. Bet (Cane) 9. Ata 

10. Jam (Blackberry) 
11. Jarul 
12. Hijal 
13. Beth (Cane) 

but these lands have been cropped. Grazing i~iiproves in November when major crops are 
harvested. Most of these lands remain fallow through February, providi~ig needed grazing areas. 
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Table 5.40. Livestock of an average farm of Surma-Kushiyara project. 
p-p~p -~~ -~ 

Typea of Livestock 1972 1991 

Buffalo 0.06 0.12 
Bullock 1.92 1.18 
Working Cow 0.61 0.41 
Hilk Cow - 0.59 
Steer and Idle Cow 0.51 1.06 
Goat 0.32 0.29 
Chicken 3.19 4.94 
Duck - 1.70 

5.3.5.4 Disease and Epidenlics 

Livestock disease and epidemics are a major problem for farmers. Foot and riioutli disease is 
endemic in  the area. Diarrhoea is a colnlnon disease during flood season. Pneumonia, throat 
diseases and parasites are other colnlnon problelns. Chickens frequently die from Newcastle 
(Ranikhet) Disease. Buffalo are Inore disease resistant than cattle. Treatment facilities are 
inadequate and small farmers cannot afford veterinary services. Mediulii and large farm 
holdings generally spend between Tk. 200 and 500 per year on veterinary services. 

5.4 Biological Resoirrces 

5.4.1 Open Water Capture Fishel-ies 

The study area is rich in  vast open water capture fisheries resources. Its many beels, haors, 
canals and huge areas of seasonally flooded lands are good liabitat for open water capture 
fisheries. Besides open water resources, there are also about 9,000 ponds and s~iiall ditclies that 
are unused or under used for fish production. 

About 65 percent of the study area is covered by wetlands of wliicli 7 percent are perennial 
wetlands and 58 percent seasonal wetlands that provide diversified fish habitat (Figure 5.13). 
About four percent of all people in  the study area are fully e~iiployed in fishing activities almost 
year-round (Upazila Fishery Officers, pers. comm.). I n  addition, many people fish at the 
subsistence level for about six months of the year.There are several different types of wetlands 
in  the study area and they are classified according to tlieir water retention period (Table 5.41) 

Permanent wetlands (W,): Areas that are under water throughout the year. 
Seasonal wetlands (W,-W,): Areas that are under water for less than a year. 

Depending on water levels and i~ii~~~dation period, seasonal wetla~ids are classified into [lie 
following three groups: 

Flooded Lowland (W,): Water levels vary between 1.8 arid 3.0+ m during high 
flooding periods. 
Flooded Mediuni Lowland (W,): Water levels vary between 0.9 and 1.8 ni during 
high flooding periods. 
Flooded Medillin Highland (W,): Water levels rise to 0.90 111 during high flooding 
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per iods .  

TOTAL SURFACE AREA 

PERENNIAL AI\ID SEASOIdAL WATER AREAS 

Penenial 

Flooded lowland 

n Flooded mod.h.land 

Flooded med.lowland 

Figure 5.13. Distribution of perennial and s e a s o ~ i a l  wetlarids in tlie Surnia-  

Kushi yara project area .  

Table 5.41. Wetland Areas within the Surma-Kushiyara project area. 

Area Fishery Ar- Total Area 
Wetland type Code (ha) eas(%) ( % I  

Perennial wetlands w0 2,670 10.6 7 

Seasonal wetlands 
Flooded lowlands WI 8,225 32.7 2 1 
Flooded Medium lowlands W 2 8,320 33.0 2 2 
Flooded Medium highlands W, 5,954 23.7 15 
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The study area is located in a high rainfall zone in which rain accumulates in a central depressed 
basin. At the onset of tile monsooli in  MayIJune, wetland areas gradually increase, peaking in  
size and area in August1 September. During a ~naxi~nu~n flooding situation, water levels reacli 
0.9 m in medium highland areas and about 3 m in  lowland areas. Tlie rains connect isolated 
wetlands areas into large water bodies (Figure 5.14). 

From June to September in most years rain water does not drain out to tlie rivers because of 
high water levels in the rivers. Water fro111 tlie Surliia and Kusliiyara Rivers enter tlie project 
area through seven major canals: Kakura, Cliagli, Sonam, Ralii~iipur, Jaigirdari, Napit and 
Karati canals. Water also enters by overtopping both river banks atid breaching of dykes alorig 
the rivers of Surma and Kushiyara. (Figure 5.8). About 60 - 70 percent of tile area is u~ider 
water during normal flooding situations. Raised canal beds at tile confluelice of the Sur~iia and 
Kushiyara restrict drainage which prolong water retention in flood plains and beels. Water 
levels in the two main rivers are very variable and can change rapidly fro111 one day to [lie next, 
with resulting differences in efficiency and direction of drainage. Restricted drainage allows 
more time and area for fish for feeding and growth but on tlie other Iiand hampers migration of 
fish from flood plains to the rivers. 

The flood water begins to recede in Septe~iiber or October, and in October tlie cliarinel of tlie 
receding water changes from the central depressed basin to rivers tlirotrgh Khals. Water flows 
through the Kakura, Sunam and Chagli Khals to tlie Sur~na River and tlirough the Karati, Jaigir- 
dari, Napit and Rahimpur Khals to tlie Kusliiyara River. By tlie end of November, flooded 
medium high-and medium lowlands (W, and W,) are dry. In lowland areas (W,), people dam 
water until December for boro cultivation. The wetlands again beco~ne isolated from orie 
another in December and remain so until AprilIMay. 

Some selected water quality para~iieters were monitored during tlie study period and tlie data are 
presented in the hydrological portion of this report. The water qt~ality was found suitable for 
fish, however, seasonal and die1 variations should be ~iionitored to establisli tlie overall water 
quality conditions of the wetlands. 

Most of these wetland, open water resources (jalmalials) are owlied by tlie governriient and are 
leased for fishing to local people for one to three years. Details of tlie jal~iialial leasing system 
are described in section 5.5. 

Wetland areas are used primarily for the following purposes: 

Wetlands are primarily used for fishing, and wile11 tlie area is co~iipletely 
inundated, almost everyone will fish. Co~nmon people, Iiowever, are not allowed 
to fish in the leased water bodies. So, from April to November, i t  was observed 
that most villagers fish at tlie edge of flooded lands ~iiainly for family consump- 
tion. Commercial fisliern~en also use the area during this period. But, fro111 
November to March fishing is confined to the perennial wetlands that are 
controlled by lease holders. 

Wetlands provide habitat for large ntrnibers of resident and ~iiigratory birds as 

5-47 
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well as other wildlife. 

Wetlands provide irrigation for boro crops. 

Wetlands home macropliytes that are used as green manilre, fuel, cattle feed and 
human food. 

Wetlands provide avenues of transportation, and therefore com~nunication, during 
the wet season. 

5.4.1.1 Mncrophytes 

People of the area informed that about 15-20 years prior to tlie study tlie wetlands were infested 
with many varieties of aquatic macropliytes. The current overall ~iiacrophyte population of tlie 
area, however, is not abundant. Relatively large quantities of ~iiacrophytes were observed i n  the 
beels than canals and other water-bodies (Table 5.42). 

5.4.1.2 Pliytoplankto~i, Zoopla~iklo~i and Mac~.oi~ive~.lebrntcs 

Planktonic populations were investigated only on a qualitative level. A small number of 
phytoplankton species were observed duri rig tlie study. Higli ti~rbidi ty is one possibility for tlie 
low numbers. Zooplankton populations were more abulida~it tliali pliytoplankton. Seasonal 
observations are needed to determine seasonal numbers atid distribution of planktonic 
populations. A list of plankton is shown in Table 5.43. 

A large population of ~iiollusks was found in the study area (Table 5.44). 

5.4.1.3 Fish Species 

Approximately 56 species of fish were observed in  different wetland areas during tlie case study. 
Predator fish (boal, aair, foli) are caught more often than other species. In  addition to finfish, 
2-3 species of small fresh water prawns were also observed. 

Six species of carp, 14 species of catfish, 3 species of snakehead and 33 miscellaneous species, 
of which chapila was most dominant, were observed in wetland habitats (Table 5.45). 

5.4.1.4 Breeding a ~ i d  Migralio~i 

Early rains, flooding, temperature and water levels influence tlie spawning of all freshwater fisli. 
During the monsoon months fish migrate fro111 inside the project area to outside rivers, and vice- 
versa, through canals and over-spilled flood waters. 

Shallow flood plains provide i~nportant habitat for fisli. Decomposed vegetation, wildlife and 
domestic animal dropping, and alloclithonous nutrients carried in flood waters support rapid 
growth of fish food organisms. Tlie flood plains, therefore, provide a suitable environment for 
spawning, feeding and growlli of most species that spend their early life in the rich flood plain 
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Table 5 . 4 2 .  Aquatic macrophytes observed within the Surma-Kushiyara project 
area, October 1991 

Bangla name Scientific name Remarks 

La1 kashuria Bergia capensis Cattle food, grows along bee1 margins 

Ram karalla Ottelia alismoides Local people consume fruit part 

Kachuripana Eichhornia crassipes Low populations may be due to last 
flash flood 

Hydrilla verticillata Submerged vegetation-low population 

Honochria hastata Grows along bee1 margins 

Aponageton spp. Used as buffalo food 

Hygroryza aristata Grows throughout bee1 areas, main 
food item of buffalo 

Cyperus tagetiformis Grows along bee1 margins, beels, good 
cattle feed 

Halencha Enhydra fl uctuans Used for human consumption 

Kalmi Ipomoea aquatica Used for human consumption 

Dholkolmi Ipomoea fistulosa Grows at the edges of beels & lowl- 
ands used as fuel wood 

Table 5 . 4 3 .  Plankton observed in waters within the Surma-Kushiyara project area, 
October 199 1. 

Plankton: Remarks 

Phytoplankton: Low population 
Oscillatoria 
Pediastrum 
Navicula (Diatoms) 

Vol vox Low population, small colonies 

Chlamydomonas Found in Sada Khal, Chatal Bee1 & in small water bodies 

Spirogyra Minimum numbers have been found 

Hicrocystis 

Zooplankton: 

Bloom covering a large area of Dubail Beel. Secretes 
toxic 
substances to other algae. 

Vorticella spp. Form colonies in waters of higher quality. 
Cyclops Dominant crustacean found throughout project area. 
Daphnia Large numbers in Sada Khal. 
Brachionus SDD. 

eventually move, with the receding water, to perennial water bodies sucli as rivers, beels and 
canals. 

Major carps use canals and rivers as migration routes and spawning areas, but use flood plains 
as nursery and feeding grounds. The spawning migration of major carps take them from beels 
and boars to rivers during the early nionsoon (March tlirougli May). 'They search for suitable 
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Table 5.44. Macroinvertebrates observed in Surma-Kushiyara project area, 
October 1991. 

Bangla Scientific name Remarks 
name 

Shamuk Pila globosa Common food for domestic and migratory 
ducks 

Jhinuk Lamellidens marginalis 

Jhinuk Unio spp. 

Gura kecho Tubifex spp. Food for bottom feeding fish 

Kecho Pheretima posthuma 

Jok Hirudo medicinalis Ecto~arasite on cattle and humans 

l a b l e  5 . 4 5 .  F ish  species observed i n  Surma - Kushiyara s tudy area, October 1991. 

Croups Fami l y Zoo log ica l  Name Local Name 

Carps 

Cat f ishes 

Cypr in idae 

C l a r i  idae 

S i  lur idae 

Heteropneustidae 

Schi lbeidae 

, 
Bagridae 

S isor  idae 

Snakeheads Channidae 

Cat la  c a t l a  
Labeo r o h i t a  
Lebeo clabasu 
Labeo gonius 
C i r rh inus  mr iga la  
C i r rh inus  reba 

Cat ta  
Rui 
Ca l baush 
Gonia 
H r i g a l  
T a t k i n i  

C l a r i a s  batrachus Hagur 

Ua l lego a t t u  
Ompok bimaculatus 
Ompok pabda 

Boal 
Kani pabda 
Pabda 

Heteropneustes f o s s i l i s  S ing i  

A i l i i c h t h y s  punctatus 
Psedudeutropius a ther ino ides 
Eut rop i  i ch thys  vacha 

R i t a  r i t a  
Hystus aor 
Mystus tengara 
Hystus v i  t t a t u s  
Hys tus  cavas i us  

Baspate 
Batas i  
Bacha 

R i t a  
Aa i r  
B a j a r i  Tengra 
Tengra 
Gulsha 

Bagarius bagar ius Bagair  

Channa marul i as  
Channa s t r i a t u s  
Channa punctatus 

Cajar 
Shol 
Tak i 

Miscel laneous Cypr in idae 
f i s h  species 

Saltnostma phu lo  Fu lche la  
Esomus danr icus Darkina 
Chela laubuca Chepchel a 
Rasbore daniconius Darkina 
Amblypharyngodon mola Hola 
Rohtee c o t i a  Dhela 
Punt ius cho la  Chalapunti 
Punt ius t i c t o  l i t p u n t i  
Punt i u s  sophore Punt i 

Table 5 . 4 5  cont inued on next  page 
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Table 5.45 (Cont.) 

Groups Family zoo log ica l  Name Local  Name 

Cobi t idae N m c h i l u s  spp. ( 2  species) 
Acanthophthalrms pangie 
B o t i a  spp. (2 species) 
Lepidocephalus spp. (2  species) 

Notopter idae Notopterus notopterus 
Notopterus c h i t a l a  

Ba l i cha ta  
Panga 
Rani 
Gutun 

Fol  i 
Chi t a l  

Clupeidae Gudus i a chapra Chapi l a  

Hastacembelidae Hacrognathus aculeatus 
Hastacerbelus ermatus 
Hastacerbelus pancalus 

Anabantidae Co l i sa  so ta  
Co l i sa  f asc ia tus  
Anabas testudineus 

Tara Bairn 
Bairn 
Guchi Bairn 

Bo i cha 
Khal i sha 
Koi 

Gobi idae Glossgobius g i u r i s  Be le  

Nanidae Nandus nandus Heni 

P r i s to lep idae  Badis bad is  Napi t 

Centropmidae Chanda nama 
Chanda ranga 
Chanda b e c u l i s  

Chanda 
La\ chanda 
Chanda 

Tetrodont idae Tetrodon spp. Potka 

Belonidae Xenentodon c a n c i l a  Kaki  l a  

areas in flowing rivers out side the project area and colnplete their spawning from May to 
August. Their spawn and early fry drift through the rivers and are laterally dispersed onto the 
flood plains. Snakeheads feed on small fish, fish larvae, frogs, tadpoles and insects. Other 
miscellaneous fish also feed on plankton, peripliyton, benthic invertebrates, fish and insect 
larvae, and detritus found in wetland habitat. Feasibility reports on the Upper Kushiyara Project 
indicate that rnajor carp do not breed in the rivers and haors, but local fishermen report that they 
do find fry and fingerlings there. It is possible, therefore, that carp rnay breed in the upper 
reaches of the rivers in India. 

Other flood plain species (catfish, snakehead and miscellaneous fish) breed in  stagnant water, 
they migrate toward inundated flood plains for spawning, feeding and early growth. Some 
catfishes (i.e. M.aor) breed in rivers, they migrate towards rivers with receding water during 
late monsoon, their early fry again immigrate to flood plain for feeding and growth in early 
monsoon. The spawning period of all these species range from April to October. A fish 
spawning calendar is presented in Figure 5.15. 
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Figure 5.15. Breeding Calendar for Fishes i n  the Surma-Kushiyara Project Area 

5.4.1.5 Feeding 

Carp feed on plankton, periphyton, benthic invertebrates and detritus found in the various strata 
of the water column. Catfish prefer small fish, fish larvae, frogs, tadpoles, small shrimp, 
aquatic insects, insect larvae, plankton, detritus and decaying organisms. 

5.4.1.6 ' Disease 

Many fish species found in  beels and canals suffer from Epizootic Ulcerative Syndrome (EUS). 
In particular, shol, gojar, taki, baim, puti and tengra were affected by the disease. The disease 
first occurred in Bangladesh in 1988 and since then, it outbreaks every year during winter 
months (Novem ber-March). The actual causes of EUS have not been identified. However, 
virus and bacteria have been identified from affected fishes. Low alkalinity is thought to be a 
factor. It is thought that the outbreak of EUS may be the result of an unbalanced relationship 
between fish population, palhogens and the environment. 

5.4.1.7 Limitations 

The exiting wetland management system is ineffective. It appears that the authority's objective 
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is to lease the wetlands and collect revenues instead of managing for biological and resource 
improvement. Fishing by dewatering of permanent beels every year is causing 

reduction in fish stock in the area. Siltation of beel beds and abstraction of water for irrigation 
are reducing fish habitats and making the fish vulnerable to natural and fisliing mortality. 
Siltation of canal mouths inhibit spawning migration of various fish species. Fishing in canals 
(i.e. Kakura Khal, July Khal, etc.) during early monsoon impede brood fishes to migration 
spawn in  flood plains. 

5.4.1.8 Previous Development Impacts 

A 1907 map of the study area showed it to be rich in a healthy wetland system. A network of 
canals, originating from the Surlna and Kushiyara Rivers, crisscrossed the study area. Those 
canals together with many perennial beels provided suitable habitat for diversified fish species. 
Morphological changes, brought on by both natural and human intervention, occurred over many 
years. These changes, such as silting, sluice gates at Rahin~pur and Sunaln khals the closure of 
canal openings (Babur Khal, Senapati Khal etc.), dyke construction, pesticide use, overfishing 
and the draining of water bodies attributed to a gradual degradation of wetland habitat, and, 
consequently, tlie decline of fish production and species diversification. 

5.4.2 Closed Water Culture Fisheries 

There are about 3275 big and small ponds i n  tlie project area covering 256 ha. Of these ponds, 
2531 (196 ha), 374 (31 ha) and 370 (30 ha) are located at Zakiganj Upazila, Kanaighat Upazila 
and Beani bazar Upazila respectively. In  addition, tliere are about 6000 small water bodies and 
ditches in tlie area suitable, for fish production. It was reported that most of ponds retain water 
round the year. 

Despite the nuriiber of ponds, pond-fish culture is not practiced by pond owners or villagers as 
it is in  other parts of tlie country. The following problenis see111 to substantiate this lack of 
Interest: 

Recurrent annual flooding inundates almost every pond i n  tlie area. 

People prefer fisliing in  the abundant beels, canals, rivers and seasonally flooded 
areas rather than raising fish i n  ponds. 

Rich harvests from open water capture fisheries ensures availability of local 
supply of fish at less cost. 

Fish seed supplies are inadequate and costly. 

There is little technical fish culture knowledge. 

There is no motivation, nor technical or credit support, offered by the Department 
of Fisheries (DOF) and otlier agencies in the project area. 



Surr~lzi-Kushiy:~r:~ E lA  Case Study - June 1992 

A few pond owners do cultlrre fisli at a traditional level; they stock orily with fingerlings. Other 
activities sucli as eradicating u~iwa~ited fish (predator and weed fisli), liming, nianuring, feeding, 
and regular ~noiiitoring of fisli liealtli ant1 growtli are igtiored by all but a few. The c~rrrent 
status of fish culture is better ternied as "fisli keeping" rather tlia~i as fisli farming 

Pre stocking management involves polid preparatioii during which unwanted fisli are eraclicalctl. 
Then the pond is limed and manured. Alinost no polid owners follow any pre-stocking 
management. They simply stock ponds witli fingerlings without eradicating unwanted fisli and 
applying lime and nianure. 

After preparation, tlie polids are stocked with varior~s fish species. Most po~ids were not stockecl 
i n  1991 because of flooding. And, i n  1990, stockirig was riot properly clone. I n  most cases 
ponds were over stocked. In two ponds, carp fingerlings were stocked at a rate of 30,865 per 
hectare. Tlie standard farriiers (recomniended by tlie Depart~iie~it of F:islieries) stocking rate is 
between 6,000 and 7,500 per hectare. Tlie size of stocked fi~igerli~igs was sniall, varying from 
3 to 8 cm. O~ily i n  one pond, at Zakiga~ij, were tlie fingerlings larger. Aboirt 30 percent 
measured 15 crn. 

Three species of major carps are stocked i n  most of tlie project area pontls. I n  a few ponds, 
exotic carps, such as silver carp and comlnon carp, are stocketl. No definite stocking ratio was 
followed by pond owners. In   no st cases, calla (C(rilrr ctr/l(r) constitutccl 50 to 70 percent of tlie 
stocked species, while rtri (Lubao ~.ohiio) and mrigal (Cir.rhirlrrs IIII.I~II/N) ~iiacle up tlie rest in  
equal proportions. 

Pond owners pr~rcliase firigerli~igs from fisli seed hawkers who collect fisli fry fro111 fry raisers 
at Madar Khal village under Zakiga~ij Upazila as well as frorii distant fisli seed farms located 
outside project area. There is no government fisli Seed far111 iri the project area. 

5.4.2.3 Feeding and Ma11uri11g 

Tlie pond owners usually do not apply any feed or ~ i i a~ i r~ re  in  fisli ponds. Only tlie very wcaltliy 
can afford oil cake and rich bran for fish feed, and then, o~i ly  011 all irregirlar basis. 

There is no regular riionitoring of fisli liealtli and growth, bill most pond owners report tliat fisli 
growth rate is not satisfactory arid tliat fisli disease is coliilnoli. 'Tlie survival rate of fisli, as 
reported by farmers, is less Ilia11 50 percent. Tlie low survival rate is due to overstocking of 
small fry, tlie presence of predator and weed fisli, ant1 the absence of feed and Iiianure. 
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Pond fish production is low (400 to '800 kg/lia/year) compared to other areas of the country. 
Fish are not harvested on yearly basis because most pond owners prefer to keep fish in ponds 
for several years. Usually, contract fishermen harvest and sell pond fish. These fishermen 
usually receive 20 to 30 percent of either the produce or the cash equivalent. 

5.4.3 Wildlife 

A total of 125 species of wildlife, including a number of endangered and threatened species, 
were identified in the project area from October to December 1991. The wildlife of the project 
area comprised 67 terrestrial species and 58 water-dependant species. There were 29 migratory 
and 68 resident bird species. 

5.4.3.1 Terrestrial I-Iabitats 

In  wet months about 35 percent of total project area remains as terrestrial habitat (Figure 5.16). 
It increases up to 93 percent in the dry season. There is no land defined as natural forest within 
the project area. Extensive and diverse stands of homestead trees form village forests. 
Depending on vegetation and land type, the wildlife habitats can be divided into four groups : 

a Homestead vegetation 

a Agricultural crops 

a Open (fallow) land vegetation 

a Road side vegetation 

Homesteads, orchards and roads covered 17 percent of the total lands of tlie project area 
(Figure 5.11) compared to 1.88 percent for tlie whole of Bangladesh. Older homesteads have 
diversified plant species composition, while newly constructed honies have mainly selected plant 
species (e.g. banana). All the species are distributed throughout tlie project area. Vegetation 
occurs along the rivers in th in  linear strips, and is scattered along the roads confined to the 
highland areas). Vegetation of the medium highland and ~iiediu~n lowlands is more irregularly 
distributed. 

Homestead forests comprise two main types. Edge pla111s grow fro111 the nearest agricultural 
field or from small wetlands and ponds. Grass, Ekur, Son and sonie bush plants are the first 
to occupy homestead edges. These plants, combined with cane, mortha, rnander, babla and 
chattirn, for111 a dense ecologically rich edge. Iluiclc. p l a ~ ~ l s  such as koroi, bamboo, aam, jam, 
supari, bel, hijal, jarul, kadoni, sisu, shi~nul and shegun are the niain inside plants of older 
homesteads. Banana and some other plants occur in new homesteads. Distribution of terrestrial 
wildlife within the various canopies i n  study area is shown i n  Figure 5.16. 
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I I 

Figure 5.16. Distribution of terrestrial wildlife i n  vegetation canopies in Surma-Kushiyara 
Project Area. 

Agricultural lands cover about 76 percent of the total lands of tlie project area. Different 
varieties of rice are dominant. Banana, papaya, cucumber, brinjal, beans are the next most 
abundant coverage. Some seasonal vegetables are cultivated close to the homesteads and on the 
canal banks. Three species of rats, ~nunia, sparrows and coninion myna are the main grain 
eating wildlife. Seed beds provide shelter for rats, wliile field bunds constitute the best slielter 
for rats in dry months. 

About 6-7 percent of total land area is open fallow land, covered by grasses of different types. 
These are used as grazing for cattle. Parts of tlie lowlands (boro lands) which are not under 
cultivation by poor land owners (because these crops are darnaged by flood almost every year) 
becomes fallow land. In the central part of the project area dholkolmi covers tliese type of lands 
after 2-3 year without cultivation. I f  these plants are allowed to grow for 2-3 years tlie land 
becomes unsuitable for cultivation. Grass varieties grow very fast but often do not survive 
because of water shortage. Some of these lands are not utilized by far~ners. Other plant species 
occurring in lowlands include Cyperus spp., Muriscus spp., Polygonirnl spp., Hygropllila spp. 
and Enliydra fllrctuans. 

Rain trees occur as main road side plantation. Keya (thorny bush) grows along the road side 
where water is available. Koroi, sisoo, jarul are the colnmon road side trees, while keya, 
dholkolmi and grasses are the principle herbaceous species. 

Koroi (rain tree) is the dominant species among tlie large trees within homesteads and provides 
the most canopy habitat for woodland birds. Many of these birds build their nests in these trees. 
Betelnut is the common plant used by pied myna for nesting. Tlie pied myna is well known in 
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the study area for controlling populations of ear-cutting caterpillar (agricultural pest). Bamboo 
gives shelter to some habitat-specific birds such as the long tailed nightjar (a nocturnal insect 
eating bird) and the rat snake which has an important role i n  controlling rat population. Herons 
build colonies on bamboo near Septi Beel. Blackberry provides food and nesting support to 
many birds (crow, tree pie, etc). Froni November to March wild, fig trees give fruit and 
nesting support for different species of myna, robin, tree pie, dove, pigeon, barbet and other 
birds. Kites usually nest in  Satim trees. Wood apple is the most suitable tree for common 
myna, tailor bird and house sparrow for building nests. House crow nests in mango trees. 
Manders tree is preferred by pied myna for building nests. Cane and morta provides good 
shelter for groups of small birds and the crow pheasant. Shawra gives shelter to owls and 
owlets. Coconut is uncommonly used by jungle crow for nesting. Palms are rare plants i n  the 
project area, and provide habitat for Buya. The edge plants provide habitat to warbler, chat, 
munia, tailor bird, babbler and other s~nall birds. Munia and some bush birds nest in roadside 
keya bushes. 

5.4.3.2 Wetland Habitats 

Wetlands provide the basis for the highest biodiversity in  the study area and are classified into 
two major types: 

Permanent wetlands (W.) where water remains throughout the year e.g. canals, 
rivers, beels etc. (Figure 5.17). 

Seasonal wetlands (W,-W,), where water ,remains part of year. Depending on 
seasonal water level rise and the area covered, the seasonal wetlands have been 
classified as indicated in Figure 5.17. 

Large beels (e.g. Dubail Beel), smaller beels (e.g. Septi Beel) and some canals (e.g. Tal nodi) 
provide permanent wetlarid habitat for wildlife. These beels are different from each other 
because of water quality, macrophytes (Table 5.42), plankton species (Table 5.43), macro- 
invertebrates (Table 5.44), fish co~nposition (Table 5.45) and presence of wetland-dependant 
wildlife. 

Seasonal wetlands (W,-W,) provide habitat for resident wildlife and breeding habitat for resident 
water birds. In different seasons wetlands provide food (e.g. macrophytes), she1 ter (e.g. Jacana) 
and breeding support to wildlife. From mid-April to October about 65 percent of total land 
becomes wetland. From November to December i t  is reduced to 50 percent, from December 
to mid-January 28 percen't and up to mid-April i t  becomes 7 percent of the total land of the 
project area. 

5.4.3.3 Wildlife Species and Populatio~i 

A total of 5 species of amphibians, 13 species of reptiles, 97 species of birds and 10 species of 
mammals were recorded within the project area during the case study period. 
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Cricket frogs are very conimon tliroughout tlie study area i n  all types of water bodies. Bull 
frogs are low i n  number because of hunting and seasonality. Tree frogs were observed in road 
side dholkolmi plants close to water (Table 5.46). 

Table 5 .46 .  Amphibians identified in Surma-Kushiyara project area, October- 
December 1991. 

Bangla name Common name Scientific name Remarks 

Sona bang Bull frog Rana tigrina TIC R I 

Kotkoti bang Cricket frog R. cynophyctis C R I 

Kuno bang Toad Bufo melanostictus C R I 

Gecho bang Tree frog Racophorus sp UC R I 

Kot i bang R. limnecharis C R I 
C=Comnon, UC=Uncomnon, EzEndangered, TzThreatened, R-Resident, H-Migratory, I=lnsect ivorous ,  P=Piscivorous,  
G=Granivorous, A-Predator, MO=Hollusks/Crustaceans, F=Fructivorous, V-Aquatic vegeta t ion ,  O=Others. 

Moriitor lizards and ski~iks are seen close to water bodies. Water snakes are coninion i n  
wetlands. Dog faced water snakes were observed to be quite abundant, although they are niore 
com~nonly found in estuarine and low saliliity areas. Rat snakes and cobras are reported by tlie 
local people to frequent Iio~iiesteads. Ba~ided kraits are reported close to water bodies. Otlier 
species noted are listed in Table 5.47. 

A total of 97 species of birds were identifiedlobserved i n  tlie Surnia-Kusliiyara project area 
during the case study period (Table 5.48). Of tliese 58 were aquatic, 67 terres'trial, 29 
migratory, 68 resitle~it arid 3 endangered. Fi fly-two open bill storks, an endangered species, 
were observed near Cliatal Beel. Tliese birds are easily disturbed by hunters and farmers. 
Grebes, cor~iiorants, Iierons, stork, ducks, jaca~ias and waders were observed from tlie early part 
of tlie day (before to just after sunrise). :rile terrestrial birds of open lands, agricultural fields 
and homestead forest were observed during tlie day. Due to freqi~elit disti~rbalice by liuriters i t  
was difficult to approach close to Inally birds. Openbill storks alid liiigratory ducks were 
observed to be liiglily sensitive to human activities. Ducks (coninion teal, slielduck, pintail, 
garganey, slioveler) frequent beels, while waders (snipes, stilt, lapwirigs, plovers, sandpipers) 
are abunda~it in lowla~ids and beel ~iiargins. Grey headed lapwiligs are abundant. Large egrets 
and grey lierolls are found in Dubail Beel only. Highest nuniber of ducks are seen i n  lowlalids 
near Slialibagli (430-450 pintails, 12 pair of shelducks). Wood cock are colnliioli in lowlarids 
and beels. Fish eating kites, harriers arid eagles are adjusted to liir~iia~i activities. 

Migratory ducks utilize lowla~ids (boro fields) of tlie project area in  tlie early period of 
migration. I n  early December the preparation of boro lalid starts and tlie birds liiove 
topermanelit wetla~ids. These wetlands were liiglily disturbed by fisliernien. 
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Table 5.47. Reptiles identified in Surma-Kushiyara Project Area, October- 
December 1991 

Bangla Common name Scientific name ~emarks-' 
name 

Terrestri- 
al: Tortoise Kachuga tecta C R P 
Kochop 

Tikt ikee Wall lizard Hemidactylus C R I 

Tokkhok Gecko Gecko gecko UC R I 

Roktochosa Garden lizard Calotes spp. UC R I 

Angila Skink Mabuya carinata C R I 

Kalo gui Monitor lizard Varanus bengalensis T/UC R I /A 

Daraj sap Rat snake Ptyas mucosus UC R A (rats) 

Gokhra sap Cobra Naja naja UC R A/P 

Shonkhine Banded krait Bunoarus fasciatus UC R A (snakes) 

Aquatic: 
Sona gui Yellow moni- Varanus flaviscens T/UC R P/A 

tor lizard 

Dora sap Checkered Xenochrophis pis- C R P 
kee!back wa- cator 
ter snake 

Matia sap Common water Enhydris enhydris C R P 
snake 

Bora sap Dogfaced wa- Cerberus rhynchops C? R P 
ter snake 

'I See Table 5.46 for key to remarks codes. 
-I Exceptional observation of this estuarine species in the project area. 

Indian civets, s~iiall mongoose and foxes are con fined to tlie delisel y planted Iioniesteads. Pug 
marks of fishing cats and otters were seen ill Dubail Beel. As irifor~iietl by tlie local fisliernien, 
the populations of otter and rats were increasing due to tlie conceritratiori of Dliolkolnii. 
Bandicoot rats were observed i n  boro seed beds. A t  A~nalsliid wliere tlie river Darak divides 
into Surnia arid Kusliiyara a popi~latio~i of Gangetic dolpliin (about 10-15) were observed 
througliout tlie study period. As informed by tlie local fislierriien, doly~liins riiove up and do~srn 
streani in  dry ~iiontlis probably due to liigli pollutants co~iiing from Indian industries. Table 5.49 
lists all nianinials known to occur in [lie study area. 

Shrikes, swallows, cliats and some flycatcliers were observed to arrive with in tlie project area 
as first pliase liiigratory birds i n  early October. Frorn tlie ~no~itli of December grebes, ducks, 
Iiarriers, waders started to settle on tlie low lands and per~nanent wetlands (Figure 5.18). Geese 
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Table 5.48. Birds Identified in Surma-Kushiyara Project Area, September-December 
1991 

Bangla name Common name Scientific name ~ e m a  r k s" 

Terrestrial: 
Bhuban cheel Black kite Milvus migrans C M/R I/A 

Sowkoon Vulture Gyps bengalensis T/C R 0 ( scavenger) 

Tilla baz Crested ser- Spilornis cheela C R A 
pent eagle 

Baz Shikra Accipiter badius UC R A 

La1 ghughu Red turtle Streptopelia UC R G/F 
dove tranquebarica 

Tila ghughu Spotted dove Streptopelia C R G 
chinensis 

Te ya Parrakeet Psittacula kra- C R G 
meri 

Chok galoo Hawk cuckoo Cuculus varius U C R I 

Plaintive Cacomantis meru- UC R I 
cuckoo 1 inus 

Kokil Koel Eudynamys scolo- UC R I 
pacea 

Lokhipacha Barn owl Tyto alba UC R A 

Bhuturn pacha Spotted owlet Athena brama C R A 

Ruby throat Erithacus calli-. UC M I 
ope 

Nishi chor Night jar Caprimulgus mac- UC R I 
runus 

Hud hud Ashy swallow Cypsiurus bala- C M I 
shrike siensis 

Sui chora Bee eater Merops orientalis C R I 

Dusky leaf Phylloscopus fus- C M I 
warbler cat us 

Greenish war- Phylloscopus C M I 
bler trochil oides 

Collared bush Saxicola torquata c M I 
chat 

Pied bush S. jerdoni C M I 
chat ' 

Nilkotho Roller Coracias bengale- C R I 
nsis 

Hupu Hoopoe Upupa epops C R I 

Lineated ba- Megalaima lineata UC R F 
rbet 

Boshonto Coppersmith Mega1 aima C R F 
baure barbet hacmacephala 
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Table 5.48. Continued. 

Bangla name Common name Scientific name Remarks 

Kat thokra Golden back Dinopium javan- C R I 
woodpecker ense 

Abbabil Common swal- Hirundo rustica C M I 
1 ow 

Palm swift Cypsiurus parvas C R I 

Shipahi bul- Red whiskered Pycnonotus joc- C R I 
bu 1 bulbul OSUS 

Bulbul Red vented Pycnonotus cafer C . R I/F 
bulbul 

Doyal Mag pie robin Copsychus saul- C R I 
aris 

Taowf ique Iora Aegithina tiphia C R I 

Grey tit Parus major * UC R I 

Tuntune Tailor bird Orthotomus sutor- C R I 
i us 

Sat bhai Common bab- Turdoides stria- C R I 
bler tus 

Tila munia Spotted munia Lonchura punctu- C R G (Ag-pest) 
lata 

Kalo munia Blackheaded Lonchura malacca C R G (Ag-pest) 
munia 

Hautushi Sun bird Nectarinia asia- C R 0 (nector) 
tica 

Kutum Black headed Oriolus chinensis C R I/F 
oriole 

Long tailed Lanius schach C R I 
shrike 

Brown shrike Lanius cristatus C M I 

F inga Black drongo Dicrurus macro- C R I (Ag) 
cercus 

Harichacha Tree pie Dendrocitta vaga- C R I 
bunda 

Pati kak House crow Corvus splendens C R 0 (scavenger) 

Dar kak Jungle crow Corvus macroryn- C R 0 (scavenger) 
chos 

Bhat salik Common myna Acridotheres tri- C R G 
stis 

Go salik Pied myna Sturnus contra C R I 

Gang salik Bank myna Acridotheres C R 
ginginianus 

1 /G 

Jhuti ealik Jungle myna Acridotheres fu- C R I 
scus 
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Table 5.48. Continued. 

Bangla name Common name Scientific name Remarks 

Chorui House sparrow P a s s e r  d o r n e s t i c u s  C R 

Paddy field An t h u s  C R 
pipit n o v a e s e e l a n d i a e  

Babui Buya 

Aquatic : 

P l o c e u s  p h i l i p p -  UC R 
i n u s  

Pancowr i Little Cormo- P h a l a c r o c o r a x  C R 
rant c a r t o  

Goair Darter A n h i n g a  r u f a  T/UC R 

Go bok Cattle Egret B u b u l c u s  i b i s  C R 

Boro bok Great Egret E g r e t t a  a l b a  C R 

Sada bok Little Egret E g r e t t a  g a r z e t t a  C R 

Sada bok Intermediate E g r e t t a  i n t e r r n -  C R 
Egret e d i a  

La1 bok Cinnamon Bit- Ixobrychus U C  R 
tern c i n n a n r n e o c u s  

Kani bok Pond Heron A r d e o l a  g r a y i i  C R 

No1 bok Grey Heron A r d e a  c i n e r e a  T R 

Chonkho Brahminy kite H a l i a s t e r  i n d u s  C R 
cheel 

Shamuk khor Openbill A n a s t o r n u s  o s c i -  E R 
stork t a n s  

Bali hash Large whis- D e n d r o c y g n a  bic- E R 
tling teal 0 1  o r  

Bali hash Lesser whis- D e n d r o c y g n a  j a v -  C R 
t ling teal a n i c a  

Bali hash Common teal A n u s  c r e c c a  C R 

Gargany Gargany A n u s  q u e r q u e d u l a  UC M 

Langa Pintail A n u s  a c u t a  C M 

Choto duburi Little grebe P o d i c e p s  r u f i c o -  T/C R 
l l i s  

La1 duburi Rednecked P o d i c e p s  g r i s e i -  UC M 
grebe g e n a  

Jhuti duburi Greater cre- P o d i c e p s  cris t-  UC M 
sted grebe a t u s  

Shoveller A n u s  c l y p e a t a  UC M v 
V (algae) Chokha Ch- Shelduck T a d o r n a  f e r r u g -  UC M 

okhe i n e a  
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Table 5.48. Continued. 

Bangla name 

Mechopacha 

Common name 

Brown fiah 
ow 1 

Scienmtific name 

Bubo zeylonensis 

Remarks 

E R 

Kura Grey headed 
fishing eagle 

Icyhthophaga 
ichthyaetus 

Marsh harrier Circus spilonotus PI0 (Frog, 
snake) 

Pied harrier Circus melanole- 
UCOS 

Jal pipi Bronzewinged 
j acana 

Metopidius ind- 
icus 

Kalo pipi 

Hot titi 

Coot Fulica atra 

Redwattled 
lapwing 

Vanel 1 us indicus 

Holud titi Yellow wat- 
tled lapwing 

Vanellus malaba- 
ricus 

Grey headed 
lapwing 

Vanel 1 us cinereus 

Little ring 
plover 

Charadrius dubius 

Pin tail 
snipe 

Gallinago stenura 

Fan tail 
snipe 

Gallinago galli- 
nag0 

Woodcock Scolopax rusti- 
cola 

Blackwinged 
stilt 

Himantopus him- 
an topus 

Common sand- 
piper 

Tringa hypoleucos 

Wood sandpip- 
e r 

Tringa gl are01 a 

River turn Sterna hirundo 

Alcedo atthis Choto machr- 
anga 

Common king- 
fisher 

Machranga White thro- 
ated 
kingfisher 

Halcyon pileata 

Dora 
mach ranga 

Pied king- 
fisher 

ceryle rudis 

White wagtail Motacilla alba 

Pied wagtail Motacilla 
maderaspatensis 

Motacilla cinerea Grey wagtail 
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Table 5 . 4 8 .  Continued 

Bangla name Common name Scientific name Remarks 

Yellow wag- Notacilla flava C M MO 
tail 

Yellowheaded Notacilla citr- C M V 
wagtail eol a 

'I See Table 5 . 4 6  for key to remarks codes. 

Table 5 . 4 9 .  Mammals Identified in Surma-Kushiyara Project Area September- 
December 1991 

Banala name Common name Scientific name ~emarks" 

Boro badur Flying fox Pteropus giganteus UC R F 

Badur Bat Negaderrna lyra C R I 

Shial Fox Vulpes bengalensis C R O/A 

Kattas Civet Viverina rnalacce- C R A 
nsis 

Mecho bagh Fishing cat Felis viverrina E C P 

Be j e Mongoose Herpestes edwardsi C R A 

Indur Rat Bandicota bengal- C R G (Ag-pest) 
ens is 

Ud biral Otter Lutra lutra C R P 

Sehsu Gangetic dol- Platanista gange- C R P 
phin tica (Kushiyara) 

Metho indur Bandicoot rat Bandicota indica C R G (Ag-pest) 

- 1  See Table 5 . 4 6  for key to remarks codes. 

are the last migratory birds that comes to llie project area. A large group of birds known as 
locally niigratory birds acconipany tlie migratory birds. Kites, eagles, storks, cornlorants, 
conimon teal, wliistli~ig teal, cotton teal, Iierons, egrets, jacanas, water liens and a group of 
waders were observed along with tlie migratory birds during tlie study period. Migratory birds 
started to return fro111 tlie project area fro111 early niarcli as reported by tlie local knowledgeable 
people and Iiunters. Sollie resident birds (e.g. lesser wliistling teal) are observed to acconipaliy 
the migratory birds i n  dry season in large flocks. Tliey also niigrate locally fro111 Barisal and 
adjacent areas. 

5.4.3.5 Food Beliavior 

hlost wildlife i n  tlie study area are i~isectivoro~~s and about 40 percent constlnie agricultural pest 
insects. Predators play a beneficial role by consuming rats. Tlie food co~isu~iiptio~i groi~pings 
of wildlife i n  tlie project area are sliown i n  Figure 5.19. More than 80 percent of total wildlife 
of the study area consullie items wliicli are not cons~~nied by tlie local people. 
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Figure 5.18. Sensitivity of wildlife to flooding, Surma-Kusliiyara Project Area 

Cricket frogs breed from April to August. Tliese ampliibians breed in  ally type of water, 
specially in snlall pits. Bull frogs breeding season ranges from May to July. Water snakes 
breeds from November to June. Dog faced water snake breeds from March to August. Cobras 
and krait breed from April to August. Skinks breeds From May - July. Mollitor lizards lay eggs - 
from mid-April to October. Cormorants, herons, storks, water liens and some local waders 
breed from May to September. The kites, eagles and vultures breed from October to April. 
The land birds ( dove, myna, barbet, cuckoo, bee-eater, kingfisher, etc) breed from February 
to September. Rats breeds allnost through out tlie year. The relatioilship between wildlife 
breeding season and flood (Figure 5.20) sliows that tlie breeding of terrestrial wildlife is affected 
by flash flood. Flash floods also benefit man as they are the natural coiitrol liieasure for rat 
populations. 

5.4.3.7 Utilization or Wildlire 

People of the sti~dy areas capture frogs for consumtion from April Ilirougli September. A l th~~g l l  
the export of frogs has been banned for tlie past tliree years, frogs are regularly extracted and 
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Figure 5.19. Distribution of wildlife species in Surma-Kusliiyara Project area accorcling to food 
habits 

passed to India. A frog purchase center was observed in Ratanganjbazar. Killing of lizards for 
their skins was also reported by tlie local people. Large nunibers of people froni Sylliet arid 
other parts of tlie country hunt birds fro111 November to March. Egrets, doves, herons and 
waders are killed by air guns. Large egrets, storks, larger waders and duck are killed by fire 
arliis. Trapping of swallows and ducks was also observed. The sliooling of birds by fire arriis 
causes the highest daniage, both due to mortality and disturbance due to noise. 

5.4.3.8 Enda11ge1-ed and Threatened Species 

Fishing cats, openbill storks, brow11 fish owl and greater whistling teal are listed as endangered 
wildlife species. They are all water dependant. Nine other species - vulture, darter, grey 
heron, rednecked grebe, grey-headed fisliing eagle, two species of monitor lizard, bull frog and 
the little grebe are listed as threatened wildlife species; seven of them are water dependant. 

5.4.3.9 Wildlife Pests 

Some wildlife act as agricultural pests, causing da~iiage to crops in different stages of cultivation 

5-68 
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I I 

Figure 5.20. Wildlife breedi~ig seasons in relation to llooding, S~~r~iia-Kusl~iyara Project Area. 

or harvest. These include Indian field rats, bandicoot rats and Iioilse rats aniong Ihe nianinials, 
and spotted munia, blackheaded ~nunia, rose-ring parakeet and barlieaded geese aniong tlie birds. 
As informed by the local farmers 5-7 percent of tlie total crops were da~iiaged by rals and 2-4 
percent were damaged by birds. Alllong tlie birds tlie ~nunia cause (lie highest damage. Rats 
damage dikes and embankments, specially in flooding season. 

For conlrollirig birds (niunia) just before harvestitig, people use sound niade by enipty ~nelal 
containers and rope. Rats are niore difficult to control: poisons sucli as Endrin are used 
occasionally but are generally not effeclive. Trapping is found Lo be Inore effectiveness. Due 
to the magnitude of flooding in 1991, the popillation of rats was comparatively low, according 
to local farmers. Nothing can be done for co~itrolling tlie geese as these consunie crops at night. 

5.5.1 Populaf ioli and Col~imu~~it  ies 

The total population of the project area given in  the 1981 census was 217,690. Of those 
110,206 were niale and 107,480 were feniale (Table 5.50). About 3.9 percent of tlie dis~rict 
population live in tlie project area wliicli co~iiprises 3.1 percent of tlie district. There is a 
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Table 5.50. Total  Area, Households and Populat ion of the Pro ject  Area by Union and by Mouza 

Area i n  No. of No. of No. o f  No. of No. of Total  Densi ty  

Name of  Union sq. km Mouzas V i l l a g e s  Households Males Females Populat ion per sq/km 

Barohal 43.40 14 31 3238 11023 10735 21758 501 

Ka jalshar 38.87 20' 20 3144 9148 8718 17866 460 

Khalachara 31.78 10 4 2 3215 9050 9002 18052 568 

Zakiganj 15.36 11 28 3154 9778 8978 18756 1221 

Sut tanpur 24.60 9 44 2943 9017 9257 18274 743 

Barathakuri 23.92 10 30 2945 7966 8227 16193 677 

Kashkanakpur 18.58 6 16 2216 6936 6690 13626 733 

Mani kpur 40.30 26 43 3466 10766 10412 21178 526 

Zakiganj U p a z i l a  

Purba D i g i r p a r  32.90 31 31 1949 5621 5512 11133 338 

Kanaighat U p a z i l a  

Charkhai 36.65 25 46 2769 9177 8956 18133 495 

Sheola 29.52 14 15 2070 7128 6870 13998 474 

Beanibazar U p a z i l a  

Total  : 390.00 214 407 35512 110206 107480 217690 558 

Source: BBS (1985, 1989) and U p a z i l a  O f f i c e )  

significant variation in popillation densities between highland and lowland areas. Popi~latiori 
density is 558 persons/km2, compared to 445 persons/km2 in tlie Sylhet District. Although the 
project area is more densely populated than other areas of the district, i t  is less densely 
populated than tlie national average wliich is 605 persons/km2 (BBS 1 985). The exponeri tial 
growth rate is 3.2 percent and the total population in 1991 was esti~iiated to be 290,000: 

In 1984 there were 35,5 12 hoi~seholds in  the project area and tlie average hoi~seliold size was 
6.1 (Table 5.50) cornpared to 6.0 for the district and 5.7 for the nation (BBS 1985). There are 
only seven tribal households in  the project area (BBS 1985), but none are living near the banks 
of either the Surnia or Ki~shiyara rivers. Muslinis constitute nearly 83 percent of tlie total 
population, while Hindus, both caste arid sclieduled caste, constitute 17 percent compared to 12.1 
percent nationwide (BBS 1990). There are virti~ally no Christian or Buddhist communities in 
the project area. 

There are 407 villages distributed in 2 14 Mouzas. Mouza boundaries are fairly clear, marked 
by paddy fields, plots, homesteads, and cultural sites. Village boundaries are not clear as one 
village fades imperceptibly into tlie next. Villages, however, are a geosocial entity to which 
villagers have a strong affiliation. I n  any discussion relating to flooding, erosion, waterlogging 
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and drainage congestion, villagers immediately refer to problems of their respective villages. 

Settlements are mostly concentrated along the side of river banks in a linear-linking pattern. 
Settlement along beels and haors is primarily circular, but is dispersed in the highlands. 
Highland houses are built in small clusters, often several hundred yards fro111 another house. 
Homesteads or residential areas are usually located on higher mounds above the normal flood 
level. Betelnut trees, bamboo and various indigenous plants usually grow in these settlements. 
Different types of fruit trees and vegetables also are grown in and around homesteads. 

Travel into the project area originates in Sylhet town either on paved roads or on river 
transportation. Inside the area are the Zakiganj-Atgram, Shahbag-Kanaigliat and Charkhai- 

Sheola roads as well as many village paths that crisscross tlie area and intersect klials, beels 
and swamps. During severe flooding, when lowlands are inundated, the area transfor~iis into 
small islands. Small boats then beco~iie tlie primary transportatio~i mode. At otlier tinies, 
people either walk or use local transportation. In Kanaigliat Upazila, boats provide primary 
transportation throughout most of tlie year. 

Of the 34 market centers in the area, Kaliganj, Cliagli, Zakiganj, Kariaighat and Beanibazar are 
the largest (Figure 5.21). A few goverri~iient offices and educational iiistitutions are located near 
these large markets. 'These centers are effective meeting places because they are geographically 
and socially central to some 50 to 60 villages and because they are an iliiporta~it l ink betweell 
villages and urban society. The five large markets meet allnost daily, while smaller ones meet 
twice a week. 

5.5.2 Liveliliood and Sr~bsistelice 

About 85 to 90 percent of the population depends directly or indirectly on agriculture as tlieir 
main source o f  livelihood. Rice is the main food crop and betelnut the main cash crop. There 
is no factory or industry in the project area and, hence, few job opportunities exist outside 
agriculture. All tlie usual governnient services are available in  tlie Upazila headquarters arid in  
the five large market areas. 

Agriculture eniploys many men and women, although women are only niini~iially involved in 
the labor market. Fishing, the principal occupation of nearly six percent houseliolds, is the 
second most important occupation. Only a few households derive tlieir liveliliood from employ- 
ment in tlie public sector. Businesses, including petty trading and sliop-keeping, constitutes tlie 
main occupation of a very few people. 

Despite the importance of agriculture, villagers believe i t  has stagnated. Low agricultural 
productivity, an inequitable and retrograde lalid system, and llooding severely hamper develop- 
ment for the area. Farniers cannot afford and do not have access to inany modern cultivation , 

techniques and methods. Use of fertilizers (~nostly urea, 5 to 6 kg per 0.11 Iia or 1 kear) are 
limited and pesticides are often not finally available. Crops are ~iiostly irrigated by traditio~ial 
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methods e.g. scrrti and door). Irrigation by power pumps and deep tubewells is rare. 

Family members are the primary laborers and crops are grown primarily for fariiily consuriip- 
tion. Wage laborers are hired during peak season (January, Marcli, July, August and 
December), but rarely other ti~iies of tlie year. Most of tlie laridless atid land-poor re~iiai~i 
unemployed outside the peak season. Tlie niajority of tlie poor are e~iiployed as day laborers 
on large and niediuni farms. Tlie daily wage varies between Tk. 40 arid 60 (witliout food) during 
the peak season, and between Tk. 25 and 35 (witli food) during [lie lean season. I t  is also 
common for laborers to be paid in advance for their work. Four to five days advance pay for 
peak season labor will bring Tk. 100. 

While the area has an abundant labor supply, increasing poverty and population growth prevent 
the agricultural sector from absorbing tlie growing labor force. Tliis situatio~i is furtlier 
compounded by a lack of non-agriculture e~iiploynient opporturiities. Only a few people are 
engaged in boat-niaking, carpentry and niariufacturing work. Very few woliieri are in tlie labor 
force and their non-agricultural inco~iie-generating activities are also ex treriiely Iinii led. Woriicri 
generally do not work i n  tlie field. 

5.5.2.2 Fisheries 

Fishing-related activities ernploy about 1 1,400 people in catcliing, selli~ig and trading i l l  Zakigarij 
Upazila. According td tlie Upazila Fishery Officer, tliere are 1032 Iiouseliolds (4 percent) in  
Zakiganj Upazila involved i n  fislii~ig as a pririiary occupation, and many liiore are engaged ill 

part time fishing to supplenient inco~iie and to provide food for tlie fanlily. I n  addition, so~iic 
people participate in a specific type of fisliirig o~ily orice or twice a year. Most fislicr~iie~i i~sc 
different types of fisliing nets, gears and s~iiall boats in their trade. 

Most fisliing takes place in operi waters sucli as Iiaors, baors and klials. But sollie closed watcr 
culture fishing is dolie in ponds, tanks ant1 di tclies. According to tlie Upazila Fisliery Officer, 
there are about 80 jnlr~~c~hc~ls and nearly 9000 ponds, tanks and di tclies ill tlie project area. Sixty 
of the 80 jalrrrc~f~crls cover LIP to 8 Iia and tlie rest are larger. Tlie julr~ruf~afs arid adjace~it 
inundated flood plains are tlie main source of operi water fishery. There are no large spawriing 
grounds witlii~i tile project area, but there are sollie mini-liatclieries i n  Klialacliara Union wliicli 
provide fry for pisciculture. 

Fishing occurs year round, but tlie peak seasoli is between Noveriiber arid February when water 
of beels and haors recede. During rainy seasoli (April to July), fislier~iie~i fish on [lie edge of 
flooded beels arid Iiaors. Birt they are often frightened away, Iiowever, by liired guards known 
as parials. Parials are hired by tliose wlio liold tlie lease to tlie water body, tlie nlircvdclr. 

Many villagers, inclirding fisliernien, report that Parials preverit tlie~ii frorii fisliitig even in [lie 
inundated plains adjacent to the beels arid Iiaors. The Parials not o~ily take away fishing nets 
and other equip~iie~it but pliysicall y assault fislierliien i f  they have fish i n  tlieir possession. 
Sometimes fishermen are taker1 to tlie ~~~irc~jcinr's home arid held captive for several days. The 
fishermen are allowed to go if they declare lliey will not fish agairi i n  tlie inuri(lated plains where 
they were caught. 



Surtna-Kushiy;~ra EIA Case Study - June 1992 

Traditionally, fislier~iien used to fish freely i n  various klials, beels arid water bodies but now 
believe fishing as a vocation is uncertain, partly due to a reduced number of free fishing areas 
and partly to the rising costs of fisliing equipment. A fisliing boat and nets costs nearly Tk. 
3000 - 4000, much more than most fislier~iien can afford. 

I n  addition, if a fisherman wants to legally fisli on the edge of flooded beels, liaors and khals, 
he must pay the ruirajdar between Tk. 200 atid 300 per month. Similar rules also apply to 
fisliing in  large canals and rivers. Rates vary according to size and location of tlie spot. 

There are few places, therefore, where fisliermen can fish freely. Under the Jalr?~ali(~l leasing 
arrangement, any area up to 1.2 ha should not be leased, but sliould reliiain under tlie Union 
Parishad Chairman's management for use by tlie common people. I n  reality, however, tlie 
Union Parishad Chairman often leases areas under 1.2 ha to close associates. Beels atid 
jalr~lahals between 1.2 and 8 ha are managed by a colnlnittee headed by tlie Chief Executive of 
the Upazila, while those inore tliali 8 ha are leased by a district level conimittee headed by the 
Additional Deputy Co~nmissioner (Revenue). 

Jalnlalials usually are leased for an initial period of three years, but frequently are extended trp 
to 12 years. There is a 25 percent leasing rate increase provision to be considered after each 
three years of a lease. Lease holders petition, however, for an extension of old rates on pleas 
of excessive flooding, siltation and decreasing numbers of fish. I f  tlie extension is not granted, 
the petitioner takes tlie issue to tlie court. The cases run for several years and if tlie court grants 
an injunction for status quo, the lease holder will continue leasing at tlie old rate. Thus, tlie 
government loses higher revenues until tlie case is settled. 

Fishermen Cooperative Societies are supposed to get preference in leasing jult~~(~li(~Is. They are 
usually, however, allotted to individuals outside the fishing co~ii~iiunily. Field studies reveal that 
most of large beels and haors, such as Balair Haor, Andliu Beel, Clii~nia Bee1 a~id Dubail Beel, 
are leased to large land owner-cum-businesstnen who live away fro111 [lie area. Many of rlie 
lease holders are Chairmen or Members of tlie Union Parishad. Fisliernien cooperatives often 
exist i n  name only and are controlled by the rural rich who favor non-professional fishermen. 

Under the existing systeni, tlie Bangladesh Depart~nelit of Fisheries is irivolved in leasing o~ily 
and not i n  enforcement of leasing rules. Altliougli tlie law does not allow year-round fisliing in 
the jalm~~huls, the lease holders often fully drain tile area by erecting te~iiporary bandlis or 
barricades and tlien catch all the fish. Such action creates irrigation problems resulting in 
coliflicts with agriculturalists and reduction in fish populations. 

According to tlie Upazila Fisliery Officer, tlie project area was abundant in fisli resources 10 
years ago. Now fisli availability and the supply of fish has been reduced because of the 
following: 

About 30 to 35 percent of beels atid liaors are silted up due to excessive flooding 
and sedi~nentalioli. 

Population pressures have lur~ied many areas adjacent to beels arid liaors into 
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agricultural fields. 

a Over fishing, harvesting undersized fish and loss of fish habitat are reducing fish 
nunibers! 

a Unregulated and indiscri~iiiiiate fishing, including tlie use of "current nets" (very 
fine mesh made of nyloli thread placed against water flow for trappilig fish fry 
and fingerlings) by non-professional fishermen, is reducing the nuniber of fisli. 

a Fish diseases and water pol lu tion threaten fisli. 

a A lack of culture fisheries and fish stocking facilities prevent restocking. 

a Lack of interest in aquacullure slows fishery developiiient. 

a The lack of a sysleniatic develop~iieiit plan forjal1~ra1iol.r and various water bodies 
slows fisliery develop~iient. 

There are two important fish marketing cllannels: Olie is wlieli fisliernien sell tlirectly in the 
local market, and tlie other is when tlie lessee sells directly to tlieir favored intermediaries. Tlic 
intermediaries use two or three tiiiddle~neri i n  tlie process wliicli help tlieni earning profits with 
practically little or no physical labor and transportatio~i cost irivolved in fish niarketing. Duritig 
fishing season (November through January), teniporary wholesale fish liiarkets are opened near 
fishing sites. At these sites, genuine fishermen buy some fish froni tlie lessees atid then sell 
them in tlie local market at a nominal profit margin (Tk. 3 - 4 per kg). 

About 60 percent of the catch, especially [lie larger fisli, is trallsported by niiddlenien to India 
and exclianged for rice, sugar, spices, clothes, ~iiedicines etc. a business known locally as 
bungari. Tlie lessees and tlieir interniediaries, tlius, ~iiake substantial profits coinpared to tlieir 
actual investnient . 

Due to increasing landless~iess, poverty and migrating ~iiales tlie position of women in 
Bangladesh has undergone some changes i n  recent years. A far greater proportion of women are 
involved in the labor market and in on- and off-farm inco~iie generation than in tlie past. Tliis 
trend is much less apparent in the Sur~na-Kusliiyara case study area, wliicli is characterized by 
conservative cultural values, strong religious feeling and a continuing commitment to family and 
kinship ties. Seclusion of wolneli is ~naintained, atid witli few exceptio~is wonieli carry out tlieir 
traditional roles as wives and mothers. 

Other than a few poor wolnen i~ivolved i n  do~nestic work and about 25 widowed women working 
for the CARE Road Maintenance Progra~il (RMP), very few wonieli are in tlie labor force. 
Even wolnen who head tlieir liouseholds survive by taking assistance from tlieir neighbors. 
Women are not employed on Upazila eriibank~iient niaintenance or drainage i~nprove~iie~it 
schemes under tlie Food for Works Program~iie. In addition, woliieli i n  tlie area do not appear 
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to benefit from post-harvest work, such as rice husking. Although colnlnercial rice mills in local 
markets are on the increase, the lnovemelit of rice from India appears to be the main reason. 
Sorne poorer wornen stated that they would like paid eniployment, but that there is none 
available. 

Women's mobility is limited and tlieir tasks confined to. tlie ho~iiestead. Even fuel is niostly 
collected by men and children. Their involvement in homestead production is limited, but some 
plant vegetables and rear poultry for consumption or sale. Betelllilt and banana are a ~iiajor 
source of income, but women are not involved in  planting trees. Managing of hotnestead tasks 
is done by both husband and wife, but because women do not go to tlie market, men control 
family finances. Women say that they would do more home gardening, poultry and livestock 
raising, i f  constant flooding did not damage vegetables and livestock. Neither they nor their 
husbands are receiving the benefits of extension services, such as poultry vaccination and 
veterinary services. 

Few women in  tlie study area ow11 lalid or engage in active irico~iie generation otlier tlia~i limited 
making or mending of fishing nets and equipnient, and ~iiat-weaving. Due to lack of purcliasing 
power, there is little local demand for craft products. "Pcrripuru", tlie platit used to liiake ~iiats, 
abundant ten years ago in  the lioniesteads, is particularly susceptible to flood damage, and tiow 
has to be bouglit in tlie market. 

Grameen Bank, operating in four U~iions of Zakigalij Upazila, is providilig credit to laridless 
wolnen's groups for poultry, fishing equipnient, and handicrafts production. As a first-time one- 
year loan women receive Tk.2,500-3,000 and have to repay at the rate of Tk 50-60 per week. 
A woman can expect Tk.12 per day frolii sellilig eggs, if slie has about a dozen chickens or 
ducks. Graliieeri Iias flexible repay~iielit arraligelnents after liati~ral disasters and give advice on 
how to nialiage poultry during floods. Graliieeli staff also assist will1 record keeping. 

The literacy rate for women is probably less than 10 percent compared to 20 percent for men. 
Nevertheless, there has been some iliiprovement in feriiale education. Ten years ago few girls 
went to school. Now at Primary School level llie enrolllielit of boys and girls is alniost equal. 
In  7akiganj Upazila out of 19,928 students at prilnary level, 10,928 (55 percent) are boys and 
9,031 (45 percent) are girls. Village womeli said that all but tlie poorest sent both boys and girls 
to school. However, because tlie liatio~ial dropout rate of girls in pri~iiary scliool is riiore tlian 
twice compared to that of boys, no Ilrni concll.lsio~is 011 levels of attelidalice can be reached 
without further investigation. (Task Force 1991) 

Superstition alid religion are the pri~iiary reason most girls are withdrawn frolii education at 
puberty. Very few attend Secondary School. Tliere are very few professiolial women, most of 
whom are involved in priliiary scliool teaching. For exalnple, 20 of tlie 40 feriiale priniary 
school teachers in Zakigarij Upazila are local woliien. 

Although a considerable nutritional deficielicy exists atnorig the poor, i t  appears that girls in tlie 
project area are not as discriminated against in terliis of access to food and ~iiedical care as in 
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other areas of the country.' This is borne out by tlie malelfemale ratio population figures. The 
most likely reasons for low ratios of females in [lie populatio~i are neglect of infant daugliters 
and high maternal mortality. The 1981 Census shows that tlie inalelfelnale ratio of the popula- 
tion In Zakiganj Upazila is 103 ~ilales to 100 feniales, coilipared to 106 males to 100 fe~nales 
in Bangladesh as a whole (BBS 1985). 

Average age of marriage, proportion of rnarriages registered, and rate of divorce and abandon- 
ment, are key indicators of women's status and quality of life. Tlie divorce rate is also an 
indicator of social stability. The average age of marriage is 14-15 for girls and 18-20 for boys. 
As in other areas, poorer families suffer from having to pay high dowries. Although for a poor 
family dowry consists only of gifts, such as household goods and fur~iiture, payment is difficult. 
However, tlie majority of Muslim families, even in  remote areas, register their daughters' 
marriages. The amount of dower to be paid by the husband is recorded and registration acts as 
a safeguard against marriage breakdown. 

Research has shown tliere is a positive correlation between poverty and incidence of divorce and 
abandonment in tiriles of food scarcity alnolig tlie poorer classes (Chaudliury and Ahmed 1980). 
The fact that the families try to protect their daughters' legal rights to some extent, take11 
together with the maintenance of strong religious values and the extended falllily system in the 
area, may explain the low divorce rate of approxi~nately 5 percent and the fact that the 
incidence of violence against wonlei1 and abandonment of women are co~liparatively low. 

I t  is unlikely that the officially recorded 20 percent of Zakiga~lj families said to be using 
temporary or per~na~ient contraception, are actually using i t .  Average Iionsehold size is 6.1, a 
figure,greater tliail tlie natio~ial average. (Section 5.5.1 .) So~ile women said that they were 
aware of fanlily planning (FP) but had no access to contraceptive supplies and FP services. 
Family planning services suffer from inadequate staff aid Iiousing. There are three understaffed 
Union Health and Family Welfare Centers operating in Zakiga~ij Upazila (3 liiore are under 
construction). O~ily two have family welfare visitors (FWV). Upazila FP Officers said that 
recruitment of Falllily Planning staff is proble~natic. Wo~neri do not colne forward because such 
employment is regarded as unacceptable in a co~iservative co~iirnu~iity. 

Likewise, nlater~ial and child health care provisions are inadequate due to staff shortages and 
lack of medical supplies. Wonle~i forgo services, or tlie family forbids tlie~n to seek help, in 
favor of traditional beliefs. Fifty percent of those wlio do attend prenatal cliriics drop out after 
the first visit. The problem is worsened by the shortage of FWVs wlio play an important role 
in training traditional birth attendants (TBA). There are not enougli trailled FWVs and TBAs 
to aid rural women who typically bear children too early, too frequently and too closely spaced. 

Another key indicator of women's status is tlieir decisio~i riiaki~ig role i n  the fa~iiily. Wo~nen 
in the area hold a subordinate but not insignificant position in family decision ~naking. Most 
women said that they were always consulted in fa~iiily decisions, but tlie filial decisiolls were 

* 1 A rcccnl UNICEF survey of' B:~ngl:~tlcsli sliowcd Ilinl 59 pcrccnl or  girls :i~iJ 56 I)crcc~iI or  Ooys surrcrcd cl~ronic 
rnslnutririon, u4iilc 10 ~>crcclit of girls :riid 7 ljcrcclil of boys s~~frcrcd nrt~lc i i in l~ iu l r i~ io~ i  (UNICEF 1987). 
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made by their husbands orlmale relatives. Only 2 groups offered a different response. In one 
village women said that they were not consulted at all and, i n  another, a widow living with her 
brother said she made all household decisions. 

In  general, the sociocultural environment restricts women's mobility, but appears to offer tlieln 
some protection. This may not, however, hold true for the 2 Unions of Khanaighat Upazila, 
also a conservative area. In these 2 unions i t  is said that only 2 percent of girls go to school. 
The average age of marriage for girls is 12-15 and 25-28 for men. Divorce is reported to be 
35 percent among the poorer classes, and remarriage and polygamy are cotnmon. An Upazila 
Officer reported that 20 percent of court cases involved rape. 

The reasons for this very different picture in two Unions may be that niany young men migrate 
abroad looking for work. This inevitably leads to disruption of family life. Also poverty 
undoubtedly plays a role in polygamy. The proportion of teenage girls to eligible young men 
is high. In  co~n~iiunities wliere marriage breakdown is colnlnoli and fe~iiales are seen as a 
burden, the family does not have to pay dowry for their daughter's second or third marriage. 
Nonetheless, tlie labor of secolid and third wives is undoubtedly of econo~nic benefit to the 
husband's household. 

Although women in the case study area are not involved in the gatlieri~ig of fuel outside tlie 
homesteads, i t  is obviously a matter of concern to them when fuel is scarce. A major source of 
fuel for landless and marginal families in some areas is dllolkolrni, a plant whicli grows 
abundantly on the edge of water bodies. But the burlling of this plant is said to cause respiratory 
problems. In  those areas where this plant is not available Iiouseholds have to buy fuel from tlie 
market. This is a major item of expenditure for poor houseliolds. At tlie time of field work i n  
late October some families were paying between Tk. 2-3,000 per ~llontll. 

Women in the project area suffer particularly at times of flood. During tlie recent flash floods 
there was up to 4 feet of water i n  their liouses. Many families liad to leave their homes and take 
shelter on high ground, or built platforms to live on unti l  the water receded. Women mentioned 
difficulties in living conditions and sleeping arrangements; lack of water, food, fitel and fodder 
inability to wash themselves or their clothes; serious ill~iess and healtli risks, (one woman was 
in an advanced stage of pregnancy); lack of flood slielters and liledical help; danlage to Iiouses; 
loss of animals, poultry, trees and vegetables. Some families lost everytliing including tlieir 
honies. A whole village has eroded away over recent years and [lie displaced inliabitants, who 
were Hindu, emigrated. Tlie women from this co~nmunity were thus i~navailable to describe 
their experience. 

5.5.4 Land Ownership, Tenancy and Credii Relalions 

All land in tlie project area, excluding julr~lcrhal and khas land, is privately owned and there is 
no notion of comliiunal or corporate type of ownership. Very little comnlon property resources 
are available. Even the khals, narrow strea~ils and water bodies up to 1.2 ha which are supposed 
to be unleased are not available for use by tlie conllnon people. Roadside common property 
resources are used lllostly by the people wliose lalids are adjacent to tlie road. Land is 
considered as tlie ~iiost valued possessioll in  tlie society. Tlie larger tlie alllount of land owned, 
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the higher is the status of an individual. 

The land ownership distribution patterti in the project area is less equal than in  Bangladesh as 
a whole in that at one end of the scale there are few households wlio co~itrol much of the land, 
while at the other end there are liiany wlio either own little or no land at all. Table 5.51 
presents data on the classification of houseliolds in Zakiganj Upazila according to land ownersliip 
and farm size distribution by operated area. Similar data on the four Unions of Kanaigliat and 
Beanibazar Upazila could not be presented as they were not available. 'The data in Table 5.5 1 
will, however, give an indication on tlie pattern of distribution of lalid ownersliip in  the whole 
area, as Zakiganj Upazila constitute nearly 70 percent of the total project area. 

Table 5.51. Distribution and Classification of Farm Sizes by Net Cultivat- 
ed Area: Zakiganj Upazila. 

Farm Size Grouping Percent Total cultivated Area 
(ha Households Total ha Percent 

Between .004 to .016 ha 
n .020 to .I98 " 
1 .202 to .400 " 

.404 to .603 " 
, .607 to 1.00 " 

1.01 to 3.03 " 
3.04 ha 6 above 

Total 
- 

Source: BBS (1989) 

I t  is evident from Table 5.51 that altliough tliere are few (only 4 percent) large land owliers 
owning 3.04 ha and above, they command nearly 30 percent of tlie total cultivated area. 0 1 1  the 
other hand, a little over 74 percent of tlie houseliolds own between 0.004 and 1 ha and tlieir 
farm land conimatids only 22 percent of the total cultivated area. I t  is further evident frorn tlie 
[able that about 50 percent of \lie households own less lliari one Iialf of a ha, but they claim only 
tenuous hold on tlie land. On tlie olher liarid, there are some large larid owners owning over 12 
ha in every village wlio exercise considerable political and ecorio~nic power in  the locality. The 
overall ownersliip pattern also sliows tlie Iiigliest proportion of owriersliip of land by the large 
and medium land owners. 

Thus, the distribution of land ownership in  the project area is highly skewed. The Gini ratio 
(GR)' calculated from this ownersliip distribution provides an ineqvality coefficient of 0.59. 

I Thc Gini cocfficicnt dr concentration ratio (CR) is the most popular measure or wcaltl~lincomc incqunlity. Thc Gini 
~ ~ 

cocrficicnt is dcrivcd rrom the Lorcnz curve, which sl~ows the cumulative ~)crccntagc rclnlionship bctwccn land arca 
and houscl~olds. 
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The high degree of inequality is therefore evident. Tlie Lorenz curve' i n  Figure 5.22 shows 
the degree of ineqi~ality in tlie distribution of land ownership in tlie project area. 

As regards tenurial status of farmers, tliree distinct categories have been identified. They are: 
( 1 )  owner-cultivator (one who cultivates his own land only), (2) owner-cum-tenant cultivator 
(one who cultivates his own land plus rent in some from others), and (3) tenant cultivator 
(whose entire holding is rented under different contractual arrangenients). The exact number 
and percentage of households falling into each of the above mentioned categories could not be 
ascertained. However, the data obtained fro111 the Upazila Agricultural Officer indicate that 
about 60 percent of the 'farmers are owner-cultivators, 30 percent are owner-cum-tenant 
cultivators, and only 10 percent are tenant cultivators. 

This seems contradictory to tlie data presented in  Table 5.5 1 as well as tlie data in  tlie 
Feasibility Study of 1973. The Feasibility Sti~dy shows the same farmer category to be 82, 17 
and 1 percent respectively. However, if tlie Upazila official level inforniation could be 
conipared with tlie Feasibility Sti~dy findings, then i t  would indicate that tlie percentage of 
owner-farmer categories have decreased, wliile tlie percentage of owner-cum-tenant and tenant 
farmer categories have increased witliin a span of last 18 years. Tliis would support a trend 
towards some kind of polarization and niarginalization process as well as a grad~lally 
deteriorating equity situation i n  the project area. 

An active and non-fornialized tenancy market exist in  the project area with 'sliare cropping in  
or out' as the predoniinant form of tenancy, accounting for nearly 80 percent of tlie total rented 
land. The other type of tenancy arrangement is 'renting in or out' on payment of a fixed amount 
of rent to the land owner at tlie beginrii~ig of tlie cropping season. As elsewliere in Bangladesh, 
the small and marginal farniers are net leasers in  of land, wliile large farniers are net leasers out. 
The contractual arrangement under botli types of tenancy is fully verbal and is h igh ly  insecure. 

Under share tenancy (locally called Bliagi) the contract is generally for one cropping season, but 
may extend further, with an agreement that the gross produce will be divided equally on a 50-50 
basis (adha-adlii bliag) between tlie land owner and the tenant if tlie land is cultivated on a 
traditional method. But if the modern inputs, such as the chemical fertilizers and pesticides are 
purchased or pump irrigation is used on rental basis, then the gross product will be divided into 
three equal shares, the third sliare being given to tlie person who (land owner or tenant) pays 
for the input. 

The system of renting in or out (locally called Pattani) is that under i t  tlie tenant has to pay a 
certain sum of money to the land owner irrespective of the output he produces on the land at any 
given season. Tlie rent is generally fixed for one year and renewed i n  tlie subsequent year or 
years subject to tlie fulfillment of the conditions that the owner receives the cash i n  advance. 
The rental rate varies depending on tlie type, quality and location of tlie land. I n  tlie highland 
areas, the rent varies from Tk. 1,000 to Tk. 1,200 per 0.11 ha (or 1 kear, wliich is equal to 28 

I 
Thc Lorcnz Curvc is a graphic lncthod of studying Ihc dcgrcc of incqu:klity in disIril)irtion of wcalth and incornc. I( 
is a cumulative pcrccntagc curvc in wliicli tllc ~lcrccntagc of itc~ns is cotnl)incd with the ~~crccntngc o r  othcr things as 
wcalth. 
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CUMMULATIVE PERCENTAGE OF HOUSEHOLDS 

Figure 5.22 Lorenz Curve for tlie Surma-Kushiyara S t i~dy  Area. 
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decimal), while ill the low lands tlie rate varies between- Tk.400 and Tk.600. The very best 
lands are rented out for Tk. 1,500 to Tk.2,000 per kear wliere at least two crops can be grown. 
The large land owners generally rent out the ~iiediu~n and low lands 011 crop sharing or cash 
rental basis and cultivate the high lands by hired labor. 

In  the project area with all crops, except tlie little growl1 HYV paddy, tlie tenant provides all 
inputs (seed, cattle and labor). The main constraint to taking lalid on sharecropping and cash 
rental basis is access to draught power and credit. Most of the far~iiers who lack credit, they 
borrow money at a very high interest rate. For example, if  Tk. 100 is borrowed i n  the lean 
season, 2.5 kathi paddy (equivalent to 42 kg) is to be paid after harvesting of crops. This means 
that for every Tk. 100 borrowed, the borrower lias to pay Tk.250-300 within a period of 3-4 
months. Advance sale of crops before harvesting (Dadan) is also done by sniall and ~iiarginal 
farmers at a very low rate of payment in distress situations. 

Credit is obtained niostly from non-institutional sources tlian institutional sources. Institutio~ial 
sources include Krislii Bank, Gra~nee~i Bank, BRDB cooperatives a~id sollie sclieduled banks. 
Non-institutional sources comprise ~nai~ily of ~iioneylenders, traders, shop-keepers and large lalid 
owners. Tliere is no professio~ial rnoneyle~ider i n  tlie project area, but tliere are sollie 
households wlio combine lnoney lending with otlier activities. Relatives, friends and neighbors 
often help each otlier by providing smaller loans (say Tk.50 - Tk. 100) for wliicli no interest is 
charged. But, for bigger loans, friends and relatives do charge interest on relatively softer ternis 
with the understanding that tlie same will be reciprocated in tlie future. 

Alttiough tliere exist a land ~i~arket  in the project area, land is not exchanged freely as a 
conimodity. Land is generally sold by s~iiall lalid owners i n  distress situations and is usually 
purchased by large and niediuni farmers. Tlie price of lalid per Iia varies fro111 Tk.40,000 to 
Tk.55,000 for Iiigti land, Tk.15,000 to 25,000 for low land, and Tk.60,000 to 90,000 for 
honiestead land. Five years ago tlie lalid prices were much Iiigher. Now it  is low pri~narily 
because of flooding, waterloggi~ig and drainage congestion problenis. Bandliak or ~iiortgage of 
land also occurs at lower rates and land is niortgaged out pri~iiarily for falllily ~nainte~iance and 
debt repaynie~it reasons. Under liiortgage arrangelnent, tlie mortgagee gives a loan to tlie 
mortgagor against a collateral of land whicli tlie latter lias the riglit to cul~ivate as long as tlie 
loan is not repaid. 'Tlie usual rate of ~iiortgage in tlie project area is Tk.5,000 to 8,000 per ha. 
The marginal and sniall farmers generally mortgage land for consrrmption, wliile tlie rich farmers 
to buy better land. The mortgage rate is also low due to flooding and waterlogging problems. 

5.5.5 Dist ribot ion of Weal111 a r ~ d  Eqrrity 

Land is the principal form of wealth in the project area, but its distribution is highly unequal. 
Data collected from two Union Parisliad offices, nariiely Kajalsliar and Klialacliara, indicate tliat 
there are only 6-7 households in every village wlio control ~iii~cli of tlie lalid within tlie village, 
wliile on the otlier hand there are large number of houseliolds wlio either own very little or no 
land at all. I n  Kajalsliar Union, for exaniple, tliere are only 7 percent Iiouseliolds who own 
nearly 50 percent of the land, wliile tliere are about 35 percent Iiouseliolds who clai~ii only a 
tenuous hold on tlie land. Tlie percentage of la~idless household to tlie total households is also 
very high (nearly 50 percent). Tlie prel i ~ i i i  nary fi~idi~igs of a Base Line Socio-econoniic Survey 
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conducted in 1991 by FIVDB, a local NGO, in 22 villages of Kajalshar Union indicate the 
similar pattern of inequality in the distribution of land and other productive assets in  tlie villages 
surveyed. Our discussion with tlie villagers also show tliat in every village there are only 5-6 
households who own much of the lalid in  that village. In Batoisliail village of Barohal Union, 
there are, for example, 3-4 very large land owning families wlio co~itrol between 20 and 32 Iia 
of cultivable land per family, which is roughly 40 percent of tlie eritire land within tliat village. 

This finding is consistent with the data presented in  Table 5.50 wliich sliows tliat only 4 percent 
of the total households in Zakiganj Upazila co~itrol nearly 30 percent of tlie land. The overall 
ownership pattern also shows the highest proportion (about 78 percent ) of ownership of land 
by the large and medium land owners wlio constitute nearly 26 percent of the total households. 
Thus, a little more than a quarter of tlie liouseliolds control above three-quarters of tlie land, 
while nearly three-quarters of the houseliolds (who own between .004 - 1 ha) command less than 
one-quarter of the total cultivated area. On the otlier hand, tlie nu~iiber and Percentage of 
landless households to the total houseliolds is high. Nearly 40 percent of tlie total houseliolds 
in  Zakiganj Upazila are landless in functional terms, i f  we consider functionally landless 
households as tliose liouseliolds wlio own some land but no niore than .20 Iia (Table 5.51). Tliis 
data is obtained from the 1983-84 Agricultural Census Survey of Zakiga~ij Upazila. 

Although no detail lioi~sehold survey was condircted for this study, data collected fro111 various 
social categories indicate that nearly 60 perce~it of the liouseliolds are la~idless ill both absolute 
and functional ter~iis. Absolutely landless liouseliolds are tliose Iiouseliolds wlio do not own any 
land, either homestead or agricultural. Functionally landless houseliolds are tliose liouseliolds 
who own sonie land but no more than 0.20 ha. I n  every villages we talked to villagers, 
especially the small and marginal farmers, we were told tliat their econonlic conditio~i has 
worsened during tlie last 8-10 years. Given such a worseni~ig situation, i t  would not be unreason- 
able to assume that a large nu~iiber of liouseliolds in the project area liave become poorer day 
by day wliich eventually led to their i~icreasi~ig landlessness. Several reasoris liave been attributed 
by the villagers for their increasing poverty and la~idlessness. Tlie most important among these 
are the selling of land in small bits to cover up econoniic loss due to flooding, waterlogging and 
erosion proble~ns. Other reasons mentioned are family maintelialice arid debt repayment, whicli 
lend support to the depth and dynamics of poverty in  the project area. 

The implication of such a siti~ation for tlie distribution of wealtli and equity is fairly clear. A 
few large land owners who already own a disproportionate share of land are accumulating more 
and more of it, while tlie marginal and sniall farmers who own very little land are continuously 
losing parts of whatever small amount they have. Tliis indicates tliat inore arid more houseliolds 
are joining the ranks of landless as time passes on. Tlie proble~iis of poverty and landlessness 
are further compounded by the fact that such an increase have not been matched by an increase 
in employment opportunities. Section 5.5.2 shows that there exist serious scarcity of 
employment in tlie project area. Furtlier~iiore, since practically little or no employment 
opportunities exist outside agriculture, tlie la~idless and land poor Iiouseliolds are saddled in a 
situation where a slight niisfortune, such as those caused by flooding or other natural calamities, 
could seriously jeopardize their chances of survival. 

Additional evidence on the distribution of wealth a~id equity situation could be provided by 
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looking at the patten of income distribution. But time did not permit to collect such data by 
household survey. Field level information, however, suggest that the distribution of wealth and 
(hence) income is far from equal. A significant concentration of income could thus be obvious 
since productive resources are concentrated in  few hands. Inequality in  the distribution of 
agricultural income could also be caused by an inequality i n  the distribution of land ownership. 
Since large land owners diversify their income i n  tlie sphere of exchange, their non-agricultural 
income from various sources such as business, shop-keeping, petty-trading and jalrnuhul leasing 
simply add to the process of larger concentration of income in  their hands. 

On the other hand, the large number of landless and land poor households wlio have little 
sources of income and hence very meager or no savings at all barely eke out a subsistence wliicli 
is close to destitution. Majority of them depend on the large land owliers for employnient and 
for obtaining land on a sharecropping basis, which often binds tlie former to tlie latter in a 
situation of domination and dependency relationship. This relationsliip is expressed econo~nically 
through the receipt and payment of rent and politically tlirough patronage and clientelism, in 
which the large land owners operate as patrons and their single or several individual followers 
as clients. The doniinant econo~iiic and political positio~i of tlie patrolis also affords them niore 
of an opportunity to act as mediators or brokers between tlie village society and [lie larger polity. 

5.5.6 Education and Aware~less 

Access to education is of primary importance in tlie developnient of any co~nmunity, but there 
are a number of constraints,to access in the Project area. Tliese are 1) socio-economic, 2) socio- 
cultural, 3) institutional, and 4) physical. The level of functional literacy in tlie Project area is 
low. In Zakiganj Upazila the literacy rate is estimated to be about 15 percent for both sexes, 20 
percent for niale and 10 percent for female. The literacy rate recorded in tlie 1981 Census is 
21.7 percent for both sexes (BBS 1985). I f  the current estimated figures are correct, there has 
been a marked decrease i n  literacy over the last ten years. 

There is an awareness of the importance of education in the Project area. All social categories 
in  the villages said that their children went to scliool, except for tlie very poorest. Nevertheless, 
the reality is that children make an important eco~lo~nic contribution to poor houseliolds. 
Although Primary Education is free, the cost of clothes for their children may be beyond the 
means of very poor families. At Pri~iiary school level enrolment of boys and girls is almost 
equal. (Section 5.5.3.) Non-attendance and drop-out rates are aboi~t 30 percent. Ten years ago 
few girls attended school, but now attendance of girls is said to be higher at primary level than 
that of boys. 

A shortage of high schools and poverty are tlie major obstacles to attendance at high school. 
There are only 15 high schools in Zakiganj Upazila. Only about 50 percent of those who pass 
at primary level go on to high school and 50-60 percent of those who do attend high scliool drop 
out before completion. 'The higher involvement of girls generally ceases at puberty for 
superstitious and religious reasons, but tlie recent introduction of free schooling for girls from 
Class 6-8 is having an impact on attendance in tlie 10-12 age groups. Very few girls co~nplete 
high school. 
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The general belief is tliat girls do not need education after 12 or 13 years old arid parents 
disapprove of the co-education system. But tliere are exceptiolis atid some parents are in favor 
of education, such as the wife of a liiediuln fanner wlio proudly declared that all Iier daughters 
went to school and her eldest daughter liad now reached Class 9. Tliose that cornplete tlieir 
secondary education tend to becoliie priniary scliool teachers. Ollly 40 of tlie 297 priniary 
school teachers in Zakigalij Upazila are women atid olily 20 of tliese are local wonien. 

Shortage of staff is a matter of concern to local education authorities. For example, there are 
113 primary schools in Zakiganj Upazila. About 19,928 children are enrolled, an average of 
176 students per school. About 40 schools liave only 2 teachers, so the Teacher-student ratio 
of 1 : 88 is high, even when the double shift system is taken into account. Scliool buildings are 
insufficient in number, existing acco~nlnodatioli needs repair, atid filrniture atid equipment is 
lacking, so the educational environment is far from ideal. 

Lack of co~n~iir~liications during tlie monsoon seasori is a problem tiear tlie Iluors, and in Biresri 
and Kazalshar Unions, and cliildren do not regularly attend~scliool. In one village in Baraliol 
Union, parents talked of tlie difficulties children face getting to scliool. The school being a mile 
from the village, "tlie children have to swim to go to school". 

Non-formal adult education is absent in tlie case strldy area, altliougli tlie NGO, FIVDR, is 
carrying out a baselilie in Kazalshar Uliion with a view to establisliilig a co~npreliensive hunian 
development programnie there. Awareness of those who have received a mininium of forriial 
education rnay be extremely uneven. H iglil y developed knowledge of environnien tal resource 
management rnay exist side by side with almost total absence of k~iowledge of tlie environrnelit 
in other aspects. For example, on tlie orie hand, farmers maintain a traditional form of cropping 
practice well suited to survival in a flood prone area, atid are quick to respond after flooding 
with appropriate liieasures to rehabilitate tlieir crops. On tlie other, there is no uliderstandilig 
of the relationsliip between conta~iiinated water and disease, so insanitary habits continue and 
basic measures for safeguarding liealtli are riot practiced. 

The reason for this disparity lriay be tliat rural people's knowledge is gained fro~ri direct 
observation, wliile ~iiicroscopic ilifectio~is and the spread of disease are rnore difficult to 
comprellend (Chambers 1983). In rural communities where illiteracy is Iiigli, superstitious 
beliefs play an important role in daily life, particularly for wonien, and may liave profound 
implications for their health and wellbei~ig (Blancliet 1984). But illiteracy is not the same as 
ignorance. In group discussions, i t  was apparent that poor villagers have a very clear 
understanding of local power structures, and the mechanisms by wliicli the rich and influential 
control and manipulate natural resorrrces for tlieir own benefit. 

The field study indicates that tlie project area confor~ns to natiolial seasonal trends for diarrlioeal 
and respiratory diseases. Typically botli types of illness are ende~iiic Ihroughou t the year but 
are seasonally acute in early, late atid post Inonsoon seasons. Diarrhoeal diseases, fever, and 
skin and eye infections were ~nelitio~ied in virtually all villages visited in relation to flasli 
flooding and post liionsooli periods. Helrnintliiasis (infection by parasites of tlie worrn type) is 
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also common in the monsoon season. Surveillance i s  required to confirm the annual pattern in 
the project area to understand the role o f  rainfall and flooding in determining the incidence of  
disease. 

Contaminated water i s  the primary cause of  water-borne diseases, such as diarrhoea. There i s  
roughly one drinking pump to 14 households or 85 people in the Project area. This implies that 
a number o f  families have either no access or limited access to safe water. This was confirmed 
during village level discussions. In 3 out o f  10 group discussions where this question was 
raised, women said that they faced problems o f  access to safe drinking water. In one village 
i t  was said that there was no drinking pump; in another, that there was a pump, but that it was 
far away; and in a third access was limited by the family who owned it. 

Existing pumps are may be for co~nmunal use or privately owned. Access to those pu~iips whicli 
are privately owned by better of f  families may be denied. Pumps may be located in the grounds 
of  mosques, where wotnan do not go. Households which have limited access to safe water rise 
pond water for drinking and domestic purposes. Surface water i s  subject to contamination by 
human and animal wastes and i s  totally unsuitable for drinking. Woliien wlio use pond water 
are generally not aware of  tlie importance of  boiling. Those who are aware often cannot do so 
because of lack o f  fuel. 

The problem becomes acute during flash floods. Those without boats or the resources to make 
rafts often have no access to tubewells. Water from submerged tubewells i s  contaminated. In 
the most recent flasli floods liiany fa~iiilies either took shelter on liigli ground or lived on 
platforms, and remained there for, 2 to 3 weeks. Tliey were unable to store sufficient water for 
this length o f  time. In one location where floodilig was extre~iiely severe the entire village had 
to take shelter on tlie main road. People drank flood water, and we were told tliat 50 people had 
died from diarrlioeal and other diseases. 

Lack or inadequacy of medical facilities i s  a matter of concern to Inany women, both in general 
and during flood emergencies. In 2 out of 3 villages visited wliicli liad access to a healtli center 
or complex, lack of confidence in tlie service was expressed by wonien. The fact tliat 
emergency medical teams liad not reached tlie~n during tlie recent flasli flood was raised by 4 
out o f  10 groups of women. 

Groundwater i s  of very poor quality because of  tlie high iron content. I t  does not appear that 
the industrial wastes discharged into tlie Barak River i s  polluting polid water at present, but i f  
the present trend continues, che~iiical pollution may conta~iiinate surface water in future. 

Anopheles philippiensis, the principal ~iialaria-carrying mosquito has been identified witliin the 
project area during research carried out under tlie FAP 16 Vector Disease Special Study 
Program. Anopholos crconi/irs, very recently identified as a malaria vector has also been found 
in Kanaighat Upazila. Both species were recovered in tlie November. Ka~iaigliat Upazila Health 
authorities are aware that lnalaria i s  health probleni. Malaria i s  prevalent during the Inonsoon 
season. 

The location o f  tliese vectors within tlie project area i s  clearly troubling . Housel~old spraying 
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with DDT (in itself harmful) would be required as a mitigatio~i activity should breeding sites 
increase as a result of an embankment. Mitigation against malaria may require substantial 
investments in  improving tlie govertilnent's capacity to respotid to increased vector populations. 

Sanitation facilities in  the Project area correspond to the natiolial picture. Traditional habits of 
defecation are still being practiced. In Zakiganj Upazila otily 1,000 out of about 30,000 
households have water-sealed latrines, despite efforts locally to promote low-cost latrines. 'The 
transportation charge of nearly Tk.200 is a factor in  the low take-up rate. Entrenched social 
attitudes may be difficult to change. 

Parasitic diseases, such as hookwor~n and roundwor~n, are caused by lack of adequate means of 
sewage disposal, with consequent faecal conta~nination of soil. Infection is transmitted from tlie 
soil by penetration of the larvae tlirough tlie skin. Helminthiasis is colnmon in  tlie area and is 
contributing to the overall poor health and nutritional deficiency of tlie local population. 

The level of Public Health provision in the area is extre~iiely low for tlie size of tlie population. 
According to the 1981 Census, in  Zakigalij Upazila there is one doctor, one bed and one cliliic 
available for every 27,204; 5,265 and 81,612 persons respectively. (BBS 1985) Fanlily 
Planning and Maternal and Child Health Care provisioli is inadequate due to lack of staff, 
infrastructure and medical supplies. For exaniple, altliougli there are Health Co~iiplexes serving 
the Upazila towns, the& are very few Union Health Centers for tlie outlying areas. (See Section 
5.5.3) Child lmlnunization is estimated by healtli authorities in  Zakiganj to about 33 percent 
and Primary Healtli Education is being undertaken in scliools atid ~iiadrasas. 

5.5.8 Food and Ni~tri l io~i  

The findings of various studies on maternal atid child nutrition it1 rural Bangladesh show that 
food intake and nutritional status varies according to crop cycle (BIDS 1990). Unsurprisingly, 
results show that incidence in nialnutrition is liiglier alllong ~iiotliers and children froin poorer 
households. These findings provide evidence to support tlie thesis that malnutrition is related 
to poverty. But nutritional deficiency is not entirely dependent 011 socio-econo~nic status. 
Factors such as proper feeding practices and absence of infectiolis -factors wliicli relate to tlie 
physical envirotiment, (availability of safe water, sanitation, medical facilities etc.,) - gender of 
the child, and level of education of the mother also play an important role (BIDS 1990). Thus, 
nutritional status is determined by 'a variety of coinplex factors which are generally related to 
level of education and awareness, and tlie ability of a houseliold to access resources.' 

There appears to be less disparity in  tlie nutritional status of boys atid girls tlian in  other areas. 
(See Section 5.5.3.) Norliially i n  rural areas the food intake of pregtiarit women is governed by 
superstition. The FAP 16 Special Sti~dy on tlie Bio-diversity of Fisheries is currelitly 
undertaking a houseliold consu~nption survey. 'rliis study will provide data on tlie distributioli 
of food within the family, and [lie nutrition of expectant or nursing ~iiotliers atid cliildren under 
2 years over tlie course of one year. Any disparity in  food consuniption on tlie basis of gelider 
will be reflected in  the findings. 

The nutritional trend confornis to that norlnally found in  rural areas. Average food intake is said 
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to be 1,500 calories, which is well below the average requirement. ' Nearly 90 percent of tlie 
population of the Project area are dependent on agriculture for tlieir primary source of 
livelihood. The seasonal pattern of nutritional deficiency related to crop cycle is one of marked 
malnutrition during the nionsoon seasoli, when there is less availability of protein and vegetables. 
Nutritional deficiency heightens during the pre-harvest leu11 season in  October or November and 
reoccurs in  the lean season in  March or April. The landless and land poor suffer most at these 
times. 

Tlie pre-harvest lea11 season in  the Project area coincides with the late Flash Flood. Field work 
was carried out in  the latter part of October just after a severe late flood and prior to the Aman 
harvest. Households from all social categories, apart from the very rich, suffered food 
deprivation during the floods, and then because of flood losses had to borrow money at high 
rates of interest or sell land to buy food. Some groups of landless and land poor described their 
condition at that tinie as near starvation. 

A number of nutritious foods, such as vegetables, fruits, poultry and livestock products can be 
produced i n  the homestead. But the coliimon consu~nption pattern reveals a lower intake of 
vegetables than in other areas. 'The major constraint on tlie cultivation of vegetables is repeated 
flood damage. Moreover, pulses an important source of protein, are very little cultivated 
locally. 

For the population of the area tlie flood plains are an important environniental resource. 
Although tliere has been a reduction in capture fisheries For several reasons. There has been a 
depletion of natural fish stocks due to population pressure and blockage of fish riiigration by 
closing of major khals (Section 5.4.1 .). Moreover, traditional fishing rights have been seriously 
undermined. Capture fisliing i n  water bodies and adjacent flood plains is now strictly controlled 
by leaseholders (Section 5.5.2.2). Overfisliing lias intensified as large scale operators ~naxi~iiize 
their catches. The rnethods of tradi tiorial fishermen are environ~iientall y sustainable. But tlie 
practice of leaseholders is to drain the water bodies to gain the highest possible yield, which is 
damaging to natural fish stocks. 

Nevertheless, indigenous varieties of fish either cauglit or bought in  tlie market are an important 
source of protein to many Iiouseliolds. The FAP 16 Special Study is carrying out a pilot study 
i n  the case study area. Initial findings suggest that a large variety of species are captured and 
consumed locally by poor fa~nilies fro111 tlie onset of tlie 'floods unti l  late November. The pilot 
study of school children indicates that locally caught fish are the pritnary source of food protein. 

The peak capture fishing season is when tlie flood water is receding at tlie end of the monsoon. 
Access is determined by the degree to which flooded areas si~rrounding water bodies are con- 
trolled by local leaseholders. This varies from locality to locality. But many households regard 
capture fishing as their ancestral right, and despite risk of Iiarass~nent or assault, fish secretly. 
From December capture of fish is reduced in part due to strict enforcement of leases and the 

I Thc m i n i ~ n i ~ m  pcr cal?ita caloric int:~kc I?cr day rccorn~ncndcd by llic Food and Agriculture 0rg:uiization (FAO) is  7-1 50 
calories. (BIDS 1990) 
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drying up of crop land and canals. I n  sollie areas fishing for home consu~iiption continues 
throughoi~t most of tlie year. Tlie drying of fish and prawris co~iimo~ily occurs. This ensures 
the nutritional benefits from local fislii~ig are extended several niotitlis. Fish are also sold at area 
markets and by fish sellers going door to door. 

While further infortnation is needed on tlie price of fish compared to otlier prilicipal sources of 
fwd seasonally, there are indications that the price of a kg of small fish during tlie peak capti~re 
fishing season is less than a kg of rice. In  Kanaighat Upazila prior to tlie Aman harvest the 
price of locally caught fish in the market was Tk. 4-6/kg, wliilst that of rice was Tk. I l/kg. 
Furthermore fishing is an important source of elnployment activity in some areas. 

Nutritional benefits from these natural resources appear to modify [lie normal trend of seasonal 
nutritional deficiency, particularly i n  tlie post- flood and pre-harvest I~crn per:iod. Thus capture 
fisheries plays an important role in cushioning the affects of poverty in the area. Long terni 
impact assessnient of seasonal consuniption of fish in  13 Mouzas is ilnder way as part of a FAP 
16 Special Study Project'. 

5.5.9 Flooding n11d Local Cori~~liu~~it ies  

Baniya or Pnhari Dhol, atid Bursha are the names tliat villagers give for the two types of 
monsoon floods. Btrni~lcr occurs with heavy runoff from tlie footliills of Assa~n in April and 
May. ~brslicr occurs wit11 i~icessant rainfall. Tlie former is tlie sliortest i n  duration, but causes 
extensive damage to crops and property. Many villagers co~isider tlie latter beneficial for 
productive crops and for soil fertility. 

The villagers' perception that B(111iyu floods are worse tlia~i B(rrsh(r floods differs fro111 soiiie 
other areas of Bangladesh. Their fears are understood, however, when exa~iiining tlie 
devastatio~i of tlie May 1991 B(rr~iycr. It  was tlie worst flood tliat liiost villagers had seen. Older 
villagers co~iipared it with a 1928 flood, but said tlie May 199 1 Baniya was worse. Tlie Sylliet 
BWDB office esti~iiates that tlie May 1991 flood i~iuridated about 80 percent of Zakiganj Upazila, 
77 percent of Kanaighat Upazila, atid 80 percent of Beanibazar Upazila. I n  some places flood 
depth ranged from 1.2 to 1.8 ni (4 - 6 feet) for 8 - 10 days. 

The flood damaged 100 percent of tlie broadcasl aliian, 76 percent or tra~isplantctl aliiali and 99 
percent of tlie boro crop as well as seedbeds in Zakiganj, Kanaigliat atid Beanibazar Upazilas. 
The flood severely affected 80 percent of tlie villages. During floods people take shelter on 
higher grounds, callips and school conipou~ids, atid build ~iiaclia to protect their families, 
livestock and ollier belongings. Standing crops are also daniaged by seaso~ial flooding and 
drainage congestion. According to villagers, drainage coligestio~i lias increased during tlie last 
five to six years because of tlie outlet blockage of ~iiajor khals; i~~iplali~ied co~islri~ctioli of roads, 
culverts arid otlier infrastrr~ctures; and siltation. Consequently, aboi~t 25 percent of tlie area 
remains congested even during tlie dry season. Nearly 70 percent of tlie total area in six U~iiolis 
(Khalachara, Barolial, Manikpur, Sultanpur, Rirosri and Kajalsliar) of Zakiganj Upazila retilain 
waterlogged for five ~no~itlis (June tlirougli October). March and April railifall also waterlog 
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these Unions. I n  Charkhai Union, four villages (Pallyshasan, Mohanpur, Nauerchak and 
Kumrai) remain waterlogged for almost 12 months and 30 villages for six to seven months. 

Such flooding and consequent waterloggi~ig creates a severe erosion probleln. Erosion continues 
throughout most of the year, but the most serious occurs in October and March. I n  Sheola 
Union at Sheola Bazar, Digliolbag, Balinga, and Shaleshwar Bazar more than 10 ha of land lias 
already eroded into the Kushiyara River. Erosion also occurs alo~ig tlie Sur~na and Kusliiyara 
Rivers at 14 different points in  Zakiganj Upazila: Bliaktipur, Rahimpur, Mani kpur, Pillyakandi, 
Saiddabad, Gangajal, Rarai, Maizkandi, Baroban, Madarkhal, Baropatlior, Chak, ~amdahar, and 
areas adjacent of Zakiganj town. 

'The most serious erosion in Zakiganj Upazila occurs at Amalsliid in Barathakuri Union, 
BhuiyamurdHydrabond in  Khalachara Union, and Ujirpur in Birosri Union. Field studies 
suggest that during the last 10 years about 200 ha of agricultural and homestead land have 
eroded in Zakiga~ij Upazila. Of that 200, 45 ha has eroded in A~iialsliid and nearly 60 ha in 
Bhuiyamurd Hydrabond. This is furtlier supported by a 1991 BWDB estiniate that betweell 
1960 and 1991 a total of 250 ha of lalid in  Bliuiya~nura and 100 ha in A~iialsliid eroded into the 
Surma and Kushiyara. 

Erosion in Ujirpur and Madarklial villages has displaced 1 5 households a~icl partially affected as 
many as 50 households during tlie last 15 years. The entire village of Siiprakandi, near 
Bhuiyamura, eroded away over the last 15 years, displacing all of its inhabitants. Erosion 
contributes not o~ily to the process of landless~iess but also to the loss of national territory. 

The project area has no flood forecasting or Early Wanling System (EWS), or strong erosion- 
protection measures. Many villagers believe that at tlie rate at which erosion is occurring, tlie 
map of the area, aiid probably of the country as well, will need to be redrawn. 

5.5.10 Ilazard Risks 

The study area is siibject to a wide variety of geophysical arid man-made hazards. Out of all 
the hazards in the project area, flood is a recurrent and most freqiietit and devastating event. 
The Surma-Ki~shiyara project area is situated in tlie nortli eastern corner of tlie Sylliet district, 
which is within the zone of heaviest rainfall and prone to earthquakes wliich are further 
aggravated by anthropogenic factors. Tlie seasonal pattern of hazard risks and their consequences 
in the Surma-Kushiyara project area is sliown i n  Figure 5.23. 

The study area is subject to the following types of hazards: 

Flash and seasonal flood 
Bank erosion and territorial loss 
Enibank~iient/Di ke breaching 
Hailstorm 
Cyclone/Tornado/Tliunderstor~ii 
Sedi~ne~itation 
Water Stagriati011 
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0 Degraded water quality 
0 PestsIDliol kol ~ i i i  (Ipomoea) 

Field observations revealed that tlie flood hazards and bank erosio~i are recurrent events in the 
project area. Tlie nature, extent, duration and frequency of hazard risks and damage largely 
depends on land level. Flood affected area, duration, percentage of affected homesteads and 
people in the project area are indicated i n  Table 5.52. Tlie types of loss or daniage in terrns of 
financial and social point of view can be categorized by direct or indirect and tangible or non- 
monetary (Table 5.53). 

The average damage for a certain flood event wliich may be equalled or exceeded once in  a 
period of 50 year project life lias been estimated based on tlie expecta~icy of the extrenie 
probability and the discharge-probabili ty relationsliip (D = f (Q) curve). Here, damage (D) is 
the function (f) of total discharge for any flood event (Q). Table 5.54 sliows the computation 
of average annual damage for different flood events (SARM Associates Ltd. 1973). 

Hazard risks due to flasli flood are most severe in tlie eastern part of tlie project area along tlie 
Surma-Kushi yara bank. Poor and la~idless people (this class co~isti ti1 tes 60 percent of tlie total 
households) along the river banks are vulnerable group, who losses their honie and olher 
properties si~bstantially (See Hu~nan Resource Section). 

5.5.10.1 River Bank El-osio~i a ~ i d  Enibaak~iie~it Breacliirig 

River bank erosion and emba~iknient breaching are observed i n  both Surnia and Kushiyara. 
Erosion is niore severe along tlie Kusliiyara, partici~larly at A~iialsliid where tlie Barak's 

I 

Table 5.52. Extent of Flooding in Surma-Kushiyara Project Area in 1991. 

% Homesteads % Homesteads 
Area Affected by Affected by 

Land Type in ha ( % )  Flash Floods Seasonal Floods 

High Land 13,831 (35) 8 0 

Medium High 5,954 (15) 8 5 

Medium Low 8,320 (22) 100 

Low Land 10,895 (28) 100 
- - 

Source: Field observations, October 1991. 

bifurcation takes place and at Bliuiyaniura of Kholaclihara i~nio~i. In  1991, there were 23 breach 
points along the Sur~na dike and 34 along tlie Kushiyara dike as reported by tlie local BWDB 
and Upazila Parishad officials. Dike breaclii~ig by location and area along tlie Surnia-Kusliiyara 
and their consequences are described in tlie Water, Land and Hu~na~i Resoi~rces sections. 
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Figure 5.23, Seasonal pattern of hazards in the Sunna-Kushiyara project area. 

- Table 5.53. Types of Damage due to Flood Hazards 

TYPe Tangible 

Direct House Damage 
crop Damage 
Livestock/Poultry loss 
Homestead Vegetation loss 

Indirect Transport disruption 

Loss in TradeIBusiness 
Unemployment/Loss of 
income. 

Loss of life 
Malnutrition 
Water Stagnation 
Epidemics 
Household disrup- 
tion/displacement 
EducationlHealth 

service disrupted 
Change in habitat 

The Surma-Kushiyara project area lies in the zone of relatively high seismic activity of the 
country. 'The present zoning subdivides the country in three zones. According to Geological 
Survey of Bangladesh tlie basic seismic coefficient for the project area is 0.08. Coefficient for 
other two zones are 0.05 and 0.04 respectively, which indicates that the project area is 
potentially subject to higher risk due to earthquakes. Here earthquake shocks with maximum 
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Table 5.54. Average Annual Damage for different Flood Events (in millions of 
Taka) 

Average Average 
Flood Event Damage Annual 
in cfs Probability per Event Damage 

(millions of taka) 

Source: S A W S  Associates (1973) 

intensity of IX of Modified Mercalli Scale is possible. The tnajor eartliquakes that have affected 
the area are : 10 January 1869; 14 July 1885; 12 July 1897; 3 July 1930 and Assar~i Eartliquake 
on August 15, 1950 directly affected the area. From British period this area officially has to 
follow special Building Act to reduce the earthquake hazard. Most of the earthquakes happened 
during the peak nionsoon period. Consequently, if theie is any flood control structures, i t  is 
potentially susceptible to damage due to earthquake which may result catastrophe situation. 

There is no official record or study of crop and property losses due to hailstornis. During field 
survey it  is estimated that about 3 to 4 percent of the crop production in the project area is lost 
annually through the hail hazard. People of tlie project area reported that econoniic iriipact of 
hailstorm is localized but severe. Hail daniage is usually cotisidered a function of hailstone size, 
but the total damage from a hailstorm often results fro111 high winds aid torrential rains, as well 
as the physical impact of the hail itself. Hailstorm generally occurs during pre-~iionsoon period. 

During field observations other minor hazards identified were cyclones1 tornadoes, siltation, 
water logging, water quality, pests, crop disease and Dholkolmi (Iponioerr spp). Cyclone tracks 
pass through the project area but they rarely occur. Siltation is a hazard for tlie areas between 
Sada Khal and Karati Khal where drainage congestion is observed and affects its catchment area. 
As most of the inlet canal moutlis are closed and internal drainage condition is not good as well 
water quality of the source water of the Barak river is also degraded wliich enters during flood 
is responsible for bad water quality in terms of pH, turbidity, hardness, content of dissolved 
oxygen, aquatic vegetation, and availability of macro- and phytoplankton inside tile project area 
(See Water Resource and Biological Sections). 
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Chapter 6 

PEOPLE'S PARTICIPATION 

There has been little meaningful grassroots participation in the planning and design of FCD arid 
FCDII projects to date. Historically, local views were soi~glit on a random basis by BWDB 
executive engineers during field reconnaissance at the project identification stage. A proposal 
was formulated and the feasibility study initiated witliout further popi~lar involvement. The 
beneficiaries were left to form their owri views and response patterns to project imple~iieritatiori 
in the course of time. The commitment of local people to project aims, and their potential 
involvement, were not seen as priorities to be pursi~ed within tlie project framework. The FAP 
12 studies on completed large scale FCD and FCDII projects forr~id tliat tliere had been virtually 
no popular participation i n  tlie projects irivestigated (Hunting Technical Services 199 1). 

More recently, following pressure from donors, local participatio~i was ilitroduced into sniall 
scale water control projects in  the for111 of Local Project Comniittees (LPCs). Pre-project 
meetings are now organized at sub-project sites with tlie aim of setting u p  LPCs involvi~ig 
beneficiaries. A t  pre-project ~iieetings tlie project concepts are presenled, expected benefits and 
impacts are explained, hnd beneficiaries liave the right to comment atid criticize. 

Beneficiaries participation is now regarded in BWDB and in  tlie dorior conilnunity as tlie major 
strategy for improving operation atid maintenance ( 0  & M) of small scale flood control 
stri~ctures. The 0 & M is tlie primary respolisibility of the LPCs arid tliey are seen as a means 
of ensuring active ilivolveliielit by beneficiaries either in cash and, or labor contribution to tlie 
0 & M of tlie coliipleted works. Tlie role of planning, design and co~istri~ctioli deficiencies in 
hampering effective O&M are also recognized. 

A n  0 & M Mission evaluation report on the Second S~nall Scale FCDII Project coninients tliat 
although pre-project meetings serve a valrlable prlrpose as a means for iliitiatitig and encouraging 
beneficiary and local governnient interest in  proposed projects, [lie meetings serve a lilniled 
purpose in the area of obtaining serior~s ilipi~ ts fro111 beneficiaries to project pla~ining arid design; 
a significant increase ill effort arid resoilrces worlld be required to achieve significant 
improvements in this area (Northwest Hydrai~lic Consultants 1991) 

Under tlie present systeni, pre-project meetings are co~ivelied by the Upazila Cliairrnen and 
organized by local Upazila staff. Tlie LPCs are chaired by tlie Upazila Cliairnian, atid niacle np 
of Union Chairmen, Upazila Officers, BWDB Engineers and sollie local farmers and fisliernien 
selected by the Upazila Chairman from his own supporters. Tlie LPCs are tlii~s dominated by 
the rich and powerful. In this situation i t  is unlikely that lalidless fishermen and marginal 
farmers feel free to speak tlieir views. Wonien, who constitute 50 percent of tlie target 
populations, are also agents and beneficiaries of small scale water liia~iagelnent projects atid 
shorlld be involved in pre-project meetings and tlie orgaliizatio~i of LPCs. As in inally 
development projects, however, Woliie~i in Development (WID) perspectives are included as an 
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after-thought at a stage when tlie organization of pre-project Meetings and LPCs are virtually 
complete (Northwest Hydraulic Consultants 1991) 

If  local meetings and cornrnittees are to be the medium for tlie involvernerit of different socio- 
economic grorlps in  project assessnient, planning and design, then time and effort has to be put 
into building appropriate procedures and representative structures. Education and motivation 
will be needed for both project staff and target group if  people's participation is to be 
institutionalized. Developing a participatory approach to water manageinen t planning is a long 
and gradual process, which should be initiated at the earliest opportunity from the Project 
Identification Stage onwards. 

6.2 Aims and Objectives of the Participation P~*ocess 

The key to achieving the long term sustainability of FCDII water management projects is tlie 
active participation of local people at all stages of project design and iniplementation. 'The 
overall aim of the participation process is to avoid imposed solr~tions and ensure that affected 
groups are involved in  shaping project interventions. Interested organizations, particularly 
reputable Non-Governnient Organizations (NGOs) working in tlie area, sliould also be consulted. 
Public consultation and participation slioi~ld be integrated into all pliases of EIA procedures frorii 
pre-feasibility studies to nionitoring arrangements. 

The people's participation process aims to achieve tlie following objectives: 

a. Provide affected groups with tlie opportunity to have a voice in the exploration, planning 
and i~nple~iientation of FCDII project interventions, appropriate involve~nent in tlie 
construction and operation of projects, and participation in  the project monitoring 
program. These grotips wor~ld then have an interest i n  tlie success of theproject, to: 

b. Obtain local knowledge, information and ideas relating to tlie developnient of the project 
plan, including views on the implications of project design. I~ivolvement of local people 
in assessing likely project impacts is particularly important for helping to anticipate 
unexpected outco~nes and side-effects, 

c. Uncover potential social conflicts arising fro111 project interventio~is early, so tliat they 
can be minimized tlirough negotiation and education, 

d. Initiate and develop appropriate programs to enable affected groups to participate in the 
construction, operation and post-project phases. 

Care should be taken tliat issues of colicern to affected groups are adequately addressed in an 
open manner. Failure to address co~iflicts of interest may jeopardize tlie sustainability of tlie 
project. 
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6.3 Approach 

The primary objective of the social impact assessment component of the Surma-Kushiyara EIA 
was to pilot an approach to field investigation that would enable primary data collection from 
the different categories of people likely to be affected by the project interventions. The method 
chosen was informal discussion with i~idividuals arid groups from different social categories 
using a structured interview guide. Special attention was given to tlie rural poor, religious 
minorities and women. Ethnic groups were not present in  tile higllly flood-affected areas 
selected for field work. The analytical fra~nework, selection procedure, data collectioti and field 
work have been described in  detail i n  Chapter 3. 

The main social groups identified in  the selected villages were: 

Agricultural laborers 
Captive fishing households 
Professional fishermen 
Boatmen 
Boat builders 
Petty traders 
School teachers 
Farmers (large to marginal) 
Households whose land is erosion prone or waterlogged 
Landless (including households whicli have lost their land tllrougl~ erosio~i) 
Women from the above categories, including female lieads of housellold. 

The period of field work for tlie case sti~dy was only 20 days, so tlie tiriie frame did not allow 
the compilation of stratified village lists or the organization of pre-arranged meetings. 
Impromptu discussions with disadvantaged socio-economic groi~ps resulted from entering a bari 
where the standard of housing was poor. This was generally sufficient to generate the 
spontaneous participatiqn of people in  the vicinity. Discussions were tlii~s generally conducted 
with people from a mix of occupational categories. The aim was to involve different social 
groups at the problern definition stage. 

During discussions, different social groups were asked about the local agrarian structure, their 
occupations and livelihoods, and local issues of concern to tlie~ii. Groups were encouraged to 
express their perceptions, responses and views on types of flooding and flood-related features, 
e.g. normal seasonal floods, flash floods, erosion and water logging. Groups were asked about 
their experiences during and after the severe late flood which occurred in  late September-early 
October of the year prior to the field work. Opinions were sougllt on the kind of remedial 
measures the groups thought appropriate. 

Consultation with Upazila officers, elected representatives and an NGO operating in  one Union 
took place both prior to and during field work. 
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6.4 Participation Coritext 

The participation context was defined as: 

The degree to wliich different groups were prepared to participate; 
'The level of education and, or awareness required to help people participate; and 
The best way to reach different social groups with respect to their specific 
location and level of organization. 

All individuals and groups interviewed were found to be very responsive and open in discussion 
with the team. Many were illiterate but had strong views regarding the sources and impact of 
different types of flooding, which social groups were tlie worst sufferers, and which were less 
affected. For example, villagers said that the majority of fanners in tlie area suffer froin 
flooding but the poor suffer most. Large landowners owning above 9 ha land are not very much 
affected because they are in a position to diversify their income. 'The villagers appeared to have 
a sound understanding of the network of power relations operating in  tlie locality, the processes 
tending to increase landlessness and poverty, and the systems for controlling natural resources 
that were traditionally regarded as common property. Most importantly, villagers expressed 
clear opinions on remedial measilres to be taken in relation to flooding. 

Lack of education did not appear to be an intrinsic obstacle to participation during village or 
mouza level disci~ssions on project ideas, provided that tlie lneetil~gs il~volved people from 
similar socio-economic and occupational categories. On tile other hand, involvement of very 
poor people in Inore formal representative structi~res e.g. project co~iimiltees woi~ld require 
substantial inpi~ts in  the way of orientation and confidence-building. 

No firm conclilsions can be draw11 at tliis stage with regard to the degree that poor villagers 
would be prepared to participate in self-help programs for el~iba~iklnent and str~.lcture 
maintenance. A possible exal~iple is Bl~i~iyaliii~ra Village which is subject to severe erosion 
resulting in two-thirds of the village being waslied away over a period of 3 years and niany of 
the remaining housel~olds losing substantial aniounts of land. Villagers there have been repairing 
the dyke volilntarily and have even resorted to using soil taken froin their own homesteads. 

Information froin a ni~~iiber of local soilrces indicate that about 25 percent of embankments 
breaches are non-made. Breaching problems of the Sur~iia E~nbank~iie~~ts are greater than that 
of the Kushi yara. In  ten tional breaches arise froin two causes: 

By large farmers to promote siltation of tlieir low lands; and 
By far~iiers of various land holdings to drain their lands. 

Discussion wi tli those il~volved in embank~nent breaching was not possible within tlie time frame, 
but involvement of large landowners in tlie project participation process is essential. 

There is no organizational short-cut to access to the majority of landless and land poor. Distrust 
of elected representatives was a coliimon factor in all discussions witli ordinary villagers. 
Alleged mismanagement aid misappropriation of funds and relief goods were tlie major reasons 
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for dissatisfaction. Traditional forms of village organization, e.g. the Scrrllcrj or Rcyai, are 
dominated by local influential. Banglades11 Rural Development Board (BRDB) cooperatives are 
few and are used by the rich as a method of obtaining funds. Cooperation from tlie Upazila and 
Union Parishads is essential for village research, and the village or neigliborhood Samaj is an 
important point of contact, but grass roots participation in planning needs to be developed 
independently. Social scientists cannot rely on official bodies or local notables to organize 
popular participation. 

The NGOs are currently regarded by donors as an important channel for reaching the rural poor. 
The NGO Friends of Village Development in Bangladesh (FIVDB) lias recently started working 
in Kazalshar Union. The organizational basis for participation tliroilgh NGO-sponsored small 
group formation is limited in the project area. 

6.5 Peoples Perceptions o f  F l o o d i ~ i g  a n d  V iews on  Reniedial  h4easures 

Villagers' perceptions of floods are described in Section 5 3 .9 .  Table 6.1 presents systemized 
information obtained througli group discussions at village level on people's perceptions of floods 
and flood related features. Tlie findings sliould be seen as indicative rather tlian representative, 
since although the villagers interviewed came from a range of different social and occi~patiorial 
categories, their views may not be entirely representative of the views of tlie villagers as a 
whole. 

The term Seaso~ial floods in tlie table corresponds with tile Bengali word, Barsha, or norrnal 
seasonal inundation, and flasli floods with the Bengali word, Pc~he~ri Dhol, or sudden onrusli of 
water (Section 5.5.9) 

There were group discussions in  23 villages in total. Flasli floods were defined as a problem 
by villagers for their village in all disci~ssio~is. Water logging was also seen as a problem in 8 
villages, erosion in 8 villages, and seasonal floods in only 7 villages. Mostly villagers were of 
the view that normal seasonal flooding was good for tlie crops. 

An embankment on either the Kusliiyara, the Surma or on the oiltfall of tlie Luba were the 
preferred measures in  9 villages. An e~nbankment + i~nproved drainage was favored in 7 
villages, and an eriibank~ne~it + improved drainage + irrigation in 4 villages. Two villages 
wanted an embankment + irrigation, and 1 wanted improved drainage only. 

Villagers were overwhel ~ningly in favor of implementation of flood control measilres on either 
the Kushiyara or Sur~na Rivers. Tlie need for strong, well built embankments reinforced witli 
boulders were mentioned in ~iearly all discussions. Embankment of tlie Lublia oi~tfall was also 
requested in affected villages. l~iiprove~iie~it of the drainage system was raised in over half of 
the discussions. A ni~mber of specific suggestions were made as regards of re-excavation and 
opening of canals, and location of sluice gates. Other needs outlined were improved 
communications, and provision of tirbewells 
and medical facilities. 

Since group discussio~is were the rnajor tileans of obtaining a ralige of information, the time 



Table 6.1. Peoplels Percept ions of F lood ing and R e l a t d  Concerns in  Surms-Kushiyara P r o j e c t  Area. 

Perceivcd Problems Pre fe r red  Measures 
Trav -. 

Upaz i la /Union/V i l lage Line Seasonal Flash Water- Eros ion Enbank- lnprovcd I r r i -  Other 
F 1 oods Floods logg ing men t Drainage g a t i o n  

Khalachara 1 

Khalachara 

Namargram 

Hamindplr 

Bhui y a m r a  

Hydrabond 

Amalshid 

Madrakhal 

Tarapur 

Shei khpara 

Kadamta l a  

Harasingpur 

Bondapara 

Ka j a l s h a r  

Charigram 

Baroban 

Barohal 

Bato isha l  

Bal  i teka 

Beanibazar 

Charkhai 

natesuar 

Nateuarchak 

Seo 1 a 4 

Deuonagar ( n o r t h )  

S l u i c e  ga te  

Surma r i v e r  dredging 

Lubha 8 Surma dyke 

S l u i c e  ga te  Shikarband 

DTW/HTWs, rned.facls 8 dredging 

B e t t e r  comnlns:TUs; reexcavat ion of  
T e l i  and Sunam kha ls  

S l u i c e  ga te  on Napi t ,  Kakura 

and K a r a t i  khals,  re-excavln 

of  Sada, K a r a t i  8 Siber khals 

/ / I' 

Dattagram I' f / i 

'22 



Perceived Problems Preferred Measures 
T rav  

Upazi La/Union/Vi 1 Lage 1 ine Seasonal Flash Uater- Erosion Embank- Inrproved I r r i  - Other 
F Loods Floods Logging ment Drainage gation 

Kanaighat 

D igh i rp l r  

Dabadhani r mati Link canal with Andu and Surma 

Jula i  / / Open Ju l i  Khal out le t  

Lwrmiprasad west 2 

Luxrniprasad west / / / / Improved comnunications 



Surrna-Kushiyara EIA Case Study - June 1992 

available for in-depth discussion of each topic was necessarily limited. The question of the 
possible motivation of the very poor i n  favoring large-scale earthworks because i t  woi~ld provide 
employment was not addressed. Althoi~gh on one occasion this was volunteered as the reason 
for preference. 

Though the discussion outcomes i n  Table 6.1 represent the views of villagers on perceived 
problems and preferred measures in relation to their own village, on several occasions erosion 
was mentioned in  villages which were not erosion-prone. This shows an awareness of the 
magnitude of the problem, and that breaching of dykes at erosion points has direct consequences 
for their village. 

One major local conflict regarding flood protection was uncovered during field work i n  
Kanaighat Upazila. This conflict related to the recent construction of dyke blocking Amri Khal, 
a tributary of the Lubha River. This dyke benefitted villagers in tlie village of Luxmiprasad 
West, but the village of Luxmiprasad East on the other side of tlie Lubha was severely llooded 
as a result. So the villagers there took matters into their.own hands, crossed tlie river by boat 
and attempted to breach tlie A~nri Khal dyke. Fighting broke out between the people from tlie 
two villages and tlie protagonists were unsuccessfi~l. In  any event tlie dyke breached naturally, 
teniporaril y resolving the matter. During tlie discussion in Luxmiprasad West villagers 
requested reconstruction of the Amri Khal dyke, but if implemented a serious conflict would 
undoubtedly result. 

The social team was in a position to only establish an initial contact with a limited number of 
people from different social categories in highly flood affected locations in  the case study area. 
Follow-up is needed to establish a ~neaningfi~l participatio~i process. 

A series of meetings woi~ld enable presentation of Project Concepts, facilitate comment and 
discussion of alternatives, and woi~ld be particularly important for planning the exact location 
of structures, e.g. sli~ice, gates, regulators, bridges and culverts, with the help of local 
knowledge. This process would also allow for negotiation between different groups to resolve 
local conflicts of interest. 
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Chapter 7 

ENVIRONMENTAL IMPACTS 

7.1 Network Analysis 

Figures 7.1 to 7.20 summarize the expected sequence of hydrological and related events which 
would occur under the three scenarios, i.e. without any project development, with the develop- 
ment of full-flood protection and submersible embankments. The major differences between the 
three scenarios relate to the hydrological changes expected from impleinentation of full-flood 
embankment construction and maintenarice which have significant iinplications for flood- and 
drainageSrelated events and resources affected by them, including wetlands, fish access and 
changes in cropping patterns and damage. 

Appropriate quantification of impacts was a difficult task in the case of the Surma-Kushiyara 
project area due to the lack of long-term trend data for many resources and the relatively short 
period of time devoted to field data acquisition. 

7.2 Descriptio~i of Impacts a~rd Potential Mitigatiori Measures 

7.2.1 Water Resources 

7.2.1.1 Future Without Project 

I f  the project is not built, the hydrology and geo~norphology of tlie area are expected to continue 
in  the current trend of sedimentation, erosion, periodic flooding, breaching, erosio~i and channel 
shifting. Botli flash and seasonal floods would continlie. Flasli floods occur every year but 
severe ones recur every three years. Devastating seasonal floods have 5 year return periods. 
The frequency of flash and disastrous seasonal floods during tlie last 10 years siiggests that such 
flooding might occur more often in the future. 

River beds would rise slowly arid breaching woiild continue aloilg tlie banks. Sedi~nents would 
enter the project area, raising canal and beel beds. Sediments that are not removed would 
ultimately close more canals and aggravate drainage congestion. Because tlie rivers are presently 
higher in elevation than the saucer-shaped project area during the whole wet season, rainfall 
would continue to accumulate in the central depressions and contribilte to drainage congestion. 
This situation is expected to continue to cause agroecological cliaiiges. Land would continue to 
be lost due to river erosibn and scouring. Because the erosion is more pronouilced on the right 
bank of the Kusliiyara, there would be more territorial loss for Bangladesh. The river already 
has shifted 5 km inside Bangladesli at Bhuyainura village. The last 30 years of discharge data 
indicates that the Surma River flow has decreased while the Kusliiyara River flow has increased. 
The bed slope of tlie Kushiyara is deeper tlian the Sur~na's and more erosion occurs on the 
Kushiyara. These trends are expected to continue. 

The present groundwater situation is not expected to change lneasiirably in tile riear future. 



SEOUENCES OF EFFECTS UITH LINKAGES 

1. Rivers Surma, Kushiyara 
2 .  Khals, beets, basins 
3. High Land, medium high 

land, medium Lou Land, 
lou  Land o f  various s o i l  2.  Soi l s  and agr i cu l tu re  

HYDROLOGICAL ser ies - sequences 
4. Homestead areas 
5. Permanent uetlands 

1. Seasonal f l ood  6. Seasonally flooded Lou land 
2.  Flash f lood 7. River banks 3. Forestry, homestead 
3 .  Changes i n  f l o u  8. Ter res t r ia l  and aquatic and homestead 

d i s t r i b u t i o n  ecosystem/habitat - vegetation sequences 
4. Bank erosion 9. Hunan resources 

-> 4. Fisheries sequences 

- 

-> 5. B io log ica l  sequences 

sequences: groups, 
classes, c m n i t i e s ,  

Figure 7.1. Cause and effect sequences: Surma-Kushiyara area without project development 



RESOURCE COMPOMENT AREAS SEOUENCES OF IMPACTS UITH LINKAGES 
1 MPACTED 

1. P r o j e c t  area 1. Hydrological  sequences 
2. P ro jec t  basin area 
3. Khals, beels 
4 .  Area outs ide p r o j e c t  2 .  S o i l s  and agr icul- ture <- 
5. R iver  banks sequences 

INTERVENTION TYPES 6. Surm,  Kushiyara 
7. Highland, mediun h igh land 

1. Embankment a t  medium Louland, lowland o f  3. Forestry,  homestead and 
var ious s o i l  ser ies .  homestead vege ta t i on  <- 

8. Highland/Balaganj Kushiyara sequences 
2. Cont ro l / regu la tor  s e r i e s  outside embankment 

s t ruc tu res  9. Homestead areas, most ly  
3. Drainage kha ls  highland, mediun h igh land 

i n s i d e  
10. Homestead area outs ide 

embankment 
11. Permanent wetland and 

seasonal ly f looded Louland 
i n s i d e  

12. T e r r e s t r i a l  open Land sequences: groups, 
13. Cropland classes, c m n i t i e s  
14. Seasonal uet Lands 
15. Hunan resources i n s i d e  
16. Human resources ou ts ide  

F i g u r e  7.2. C a u s e  and e f f e c t  s e q u e n c e s :  S u r m a - K u s h i y a r a  a rea w i t h  f u l l - f l o o d  p r o t e c t i o n  



SEQUENCES OF IMPACTS WITH 
IMPACTED L I NKACES 

1. P ro jec t  area khals,  beels 
2. R .  Surma, Kushiyara 
3. R i ve r  banks 
4. Highland, mediun h igh land 2. S o i l s  and a g r i c u l t u r e  

mediun Lowland, Lowland 
o f  var ious  s o i l  se r i es  

5 .  Homestead area, most ly  on 
h igh  and mediun h igh land 3. Forestry,  homestead 

6. Homestead area ou ts ide  and homestead 
1. Submersible embankment vegeta t ion  sequences 

embankment 7. Permanent wet land and 
2 .  I r r i g a t i o n  seasona l ly  f looded Lowland 

i n s i d e  
8. Human resources i ns ide  
9. Human resources outs ide - 

- 5 .  B i o l o g i c a l  sequences <- 

Figure 7.3. Cause and effect sequences: Surma-Kushiyara area with submersible embankments 



Figure 7.4. Expected hydrological effects in absence of project development: Surma-Kushiyara area 

EVENT/ 
INTERVENTION 

FLASH FLOOD 

SEASONAL FLOW 

CHANGE IN FLOU 
DISTRIBUTION 

BANK EROSION 

RESWRCE COHPONENTS 
AFFECTED/IHPACTED 

Pro jec t  area Khals and 
Beels 

P ro jec t  area khals and 
bee 1 s 
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and Beels) 
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Surma, Kushiyara /Outside 
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P ro jec t  bas in  area (Khals 
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Level 

No FLash Flood 
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l r r i q a t i o n  develounent 

No Seasonal Flood by bank 
over f low 
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F i g u r e  7 . 5 .  Expected h y d r o l o g i c a l  impacts  w i t h  f u l l  f l o o d  p r o t e c t i o n :  Surma-Kushiyara P r o j e c t  ~ r e a .  

No Drainage 
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Increased d m n d  on 
sur face water 
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areas outs ide 
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Figure 7.6. Expected hydrological impacts with submersible embankments: Surma-Kushiyara Project Area 

EVENT/ 
INTERVENTION 

SUBMERGIBLE EMBANKMENr 
IRRIGATION 
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AFFECTED/lMPACTED 

Pro jec t  Area khals and bee ls  

Surma and Kushiyara 

River  banks 

- 
EFFECT/lMPACT SEOUENCES 

I 

Reduced and delayed f l ood ing  from 
f l ash  f l o o d  
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Increased i r r i g a t i o n  
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scour ing 
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F i g u r e  7 . 7 .  Expec t ed  i m p a c t s  t o  s o i l s  and  a g r i c u l t u r e  i n  Surma-Kushiyara  a r e a  i n  a b s e n c e  o f  p r o j e c t  
deve lopmen t  



F i g u r e  7.7.  C o n t i n u e d  

EVENT/ 
INTERVENTION 

DRAINAGE CON- 
GEST I ON 

RESOURCE COnPONENTS 
AFFECTED/lMPACTED 

nediun Lowland/ 
Kanairghat Ser ies 

L o w l a d  phagu 
Tech ibar i  se r i es  

EFFECT/lMPACT SEQUENCES 

I 

Delayed 
t ransp lan ta t i on  
of Late T.Aman 

Loss o f  B.Aman 

I I 

Increased f a l l o w  
l and  

Increased f a l l o w  
1 and 

111 

Loss o f  c rop  pro-  
duct  i on 

Loss o f  c rop  pro-  
duct  i on 



EVENT / 
INTERVENTION 

RESOURCE CCHPONENTS 
AFFECTED/IMPACTED 

I EFFECT / 1 MPACT 
SEOUENCES 

EMEANKMENT AT 
DESIGN FLOOD LEVEL 

Highland; Balaganj 
Kushiyara Ser ies 

Mediwn h igh land/  
Goyainghat Ser ies  

No f l a s h  f l o c d  

--w-.----- 

No f l a s h  f l o c d  

No damage t o  Aus, T. Aman Increased crop/ HYV 
p roduc t i on  

Increased use o f  
f e r t i l i z e r s ,  p e s t i -  
c i des 

Increased area o f  
h i gh land  

Poss ib le  Loss o f  o rgan i c  Reduced s o i l  
mat ter  f e r t i l i t y  

I increased HYV area I Increased Crop 
arcduct i o n  II 

No sediment depos i t i on  

Reduced d e p o s i t i o n  o f  Probable reduc t i on  i n  
No sediment depos i t i on  s o i l  n u t r i e n t s  s o i l  f e r t i l i t y  

F i g u r e  7 . 8 .  E x p e c t e d  i m p a c t s  t o  s o i l s  a n d  a g r i c u l t u r e  f r o m  f u l l  f l o o d  p r o t e c t i o n :  S u r m a - K u s h i y a r a  P r o j e c t  
A r e a  



Figure 7 . 8 .  Continued. 

EVENT/ IN- 
TERVENTION 

RESOURCE 
COMPONENTS 
AFFECTED/IMPACT 
ED 

Mediun Lowland/ 
Kanairghat 
Ser ies  

LOU land: Phagu 
Te rch iba r i  
Ser ies  

Mediun Lou 
1 and; 
Kanairghat Se- 
r i e s  

Highland/ Bala- 
ganj Kushiyara 
s e r i e s o u t s i d e  
the embankment 

EFFECT/IMPACT 

I 

No f l a s h  f lood 

No f l a s h  Flood 

Reduced f re -  
quency o f  Sea- 
sona l  f l ood  

Decreased area 
of medium low- 
1 and 

Reducedper iod 
o f  inundat ion 

lncreased water 
l e v e l  o f  f l ash  
f l ood /  conf ine- 
ment e f f e c t  

SEPUENCES 

I11  

Increased c rop  
p roduc t i on  

Increased HYV 
area 

Reduced 
cropped area 

Increased c rop  
product i o n  

Reduced c rop  
p roduc t i on  

- 

Probable 
reduc t i on  i n  
s o i l  f e r t i l i t y  

Loss o f  c rop  
p roduc t i on  

I 

I I 

No damage t o  
T . Aman and 
R . Aman 

No damage t o  
Boro 

Decrease o f  
lowland 

Reduced damage 
t o  T.Aman, 
R .Aman 

Reduced cropped 
area under T. 
Aman, B .  Aman 

Reduced 
b i o l o g i c a l  
f i x a t i o n  o f  
n i t r o g e n .  

Loss o f  Aus and 
T.Aman 

I v 

Increased c rop  
p roduc t i on  

Increased use 
o f  
F e r t i l i z e r s ,  
I n s e c t i c i d e s  



Highland/Balaganj Kushiyara 

A v a i l a b i l i t y  of 
I r r i g a t i o n  uater  

ediurn Highland/ Goyainghat Reduced frequency of 

Figure 7.9. Expected impacts to soils and agriculture from submersible embankments: Surma-Kushiyara Project 
Area 



F i g u r e  7 .9 .  C o n t i n u e d  

EVENT/ 
lNTERVENT1ON 

RESOURCE COMPONENTS 
AFFECTED/IMPACTED 

nedium Lowland/ 
Kanairghat Ser ies  

Lowland/Phagu Terc- 
h i b a r i  Ser ies 

EFFECT/IMPACT 

I 

Reduced frequency 
o f  f l ash  f l o o d  

Delayed f l a s h  
f l o o d  

Reduced frequency 
o f  seasonal f l o o d  

A v a i l a b i l i t y  o f  
i r r i g a t i o n w a t e r  

Delayed f l a s h  
f l o o d  

A v a i l a b i l i t y  o f  
I r r i g a t i o n  water 

Increased water 
logged area 

I I 

Reduced damage t o  
B. Aman 

ppp 

No Loss o f  Boro 

Reduced damage t o  
T .Aman and B.Aman 

Increased Boro 
(HYV?) area 

No l o s s  o f  Boro 

Increased Boro 
(HYV?) area 

Loss o f  cropped 
area 

SEQUENCES 

I I I 

Increased c r o p  
p roduc t i on  

Increased c rop  
product ion  

Increased c r o p  
product i o n  

Increased c rop  
p roduc t i on  

lncreased use o f  
f e r t i l i z e r s  and 
p e s t i c i d e s  

Increased c r o p  
p roduc t i on  

Increased use o f  
F e r t i l i z e r ,  
i n s e c t i c i d e /  
p e s t i c i d e  

Reduced c rop  
p roduc t i on  



RESOURCE COMPONENTS 

and construction mate r ia ls  

Damage t o  S m r  vegetables 

Damage t o  houses, Livestock/ Loss of pe t ty  cash, 
pou l t ry  she l te r  problem for  ploughing 

Figure 7.10 Expected impacts to forests, homesteads and homestead vegetation in Surma-Kushiyara area in 
absence of project development 



F i g u r e  7 . 1 1 .  Z x p e c t e d  i m p a c t s  t o  f o r e s t s ,  homes t eads  and  homestead  v e g e t a t i o n  f rom f u l l  f l o o d  p r o t e c t i o n :  
Surma-Kushiyara  P r o j e c t  A r e a  

EVENT/ 
INTERVENT ION 

EMBANKMENT AT 
DESIGN FLOOD 
LEVEL 

RESWRCE COMPONENTS 
AFFECTED/lMPACTED 

Homestead area, 
most ly  on Highland 
Medium High Land 
i n s i d e  embankment 

Homestead area ou t -  
s i d e  embankment 

REMARKS 

Improved economy 

Improved L i v i n g  
standard 

Increased pove r t y  
and poor h e a l t h  

EFFECT/lMPACT 

I 

No damage t o  homestead 
trees, p l a n t s  and vege- 
tab les  

No damage t o  houses and 
household p rope r t y  

Increased damage/Losses 
t o  homestead, homestead 
trees, p l a n t s ,  p o u l t r y  
etc.  

I I 

Increased food and income 
from homestead t rees,  
p l a n t s  and vegetables 

Saved r e p a i r  cos t  

Const ruc t ion  o f  homestead 
i n  Lower Land types 

Sca rc i t y  o f  fodder 
E n v i r o w n t a l  imbalance 
ou ts ide  the embankment 

SEQUENCES 

I I I 

I r k r o v e d  d i e t  and 
n u t r i t i o n  increased 
p e t t y  cash 

Assurance o f  s e c u r i t y  
increased output  

Increased homestead 
product  i on 

Increased r i s k  o f  Loss 
i n  extreme events 

Increased r i s k  o f  t i d a l  
surges a f f e c t i n g  
embankments 
Increased s o i l  e ros ion  
out  s i d e  embankment 



Figure 7.12. Expected impacts to forests, homesteads and homestead vegetation from submersible 
embankments: Surma-Kushiyara Project Area 

EVENT/ 
INTERVENTION 

SUBMERGIBLE 
EMBANKMENT: 
IRRIGATION 

RESOURCE COPIPONENTS 
AFFECTED/IMPACTED 

Homestead area, 
most ly  on High and 
M e d i u n  High Land 
i ns i d e  embankment 

Homestead area 
outs ide embankment 

REMARKS 

Irrproved general hea l th  

Irrproved n u t r i t i o n a l  
s t a t u s  

EFFECT/IMPACT 

I 

Reduced frequency 
o f  f l a s h  f l o o d  

Reduced d u r a t i o n  o f  
f l a s h  f l o o d  

Delayed f l a s h  f l o o d  

Reduced/No s o i  1 
e ros ion  

1 ncreased dam- 
age/ loss t o  
homestead, 
homestead t rees,  
p lan ts ,  p o u l t r y  
e tc .  

SEQUENCES 

I I 

Reduced damage t o  
homestead t rees,  p lan ts  
and vegetables, p o u l t r y  

Reduced damage t o  
homestead; t rees, p lan ts  
and vegetables, p o u l t r y  

Organized evacuat ion/ 
s torage p recau t i on  

Reduced/No damage t o  
houses, homestead 
vege ta t i on  

Reduced homestead out -  
put/income 

1 1  1 

Increased homestead income 
irrproved income 

Increased homestead 
output/  - 
income 

Reduced pover ty  

Reduced cost o f  r e p a i r  and 
r e p l a n t a t i o n  

Increased cost of  repa i r ,  
r e p l a n t a t i o n  
and pover ty  



Figure 7.13. Expected impacts t o  capture f i s h e r i e s  i n  Surma-Kushiyara area i n  absence o f  project  
development 

EVENT/ 
INTERVENTION 

FLASH FLOOD 

RESCURCE COMPONENTS 
AFFECTED/lMPACTED 

CAPTURE FISHERIES 

Permanent uet land and 
seasonal ly f looded 
lowland 

SEQUENCES 
EFFECT/lMPACT 

1 

Uet land bed r a i s e d  due 
t o  s i l t a t i o n  

High water t u r b i d i t y  

IV 

Reduced major carp  
p roduc t i on  

I 1  

Reduced f i s h  h a b i t a t  

Temporary reduced 
pr imary  p r o d u c t i v i t y  

Fish hea l th  hazard 

I I I 

I n h i b i t  m i g r a t i o n  o f  
major carps in  e a r l y  
monsoon 

Reduced f i s h  
p r o d u c t i v i t y  
. - 



F i g u r e  7 .14 .  E x p e c t e d  i m p a c t s  t o  c a p t u r e  f i s h e r i e s  f rom f u l l  f l o o d  p r o t e c t i o n :  Surma-Kushiyara P r o j e c t  
A r e a  

EVENT/ IN- 
TERVENTION 

EMBANKMENT AT DE- 
SIGN F L W  LEVEL 

RESOURCE COMPONENTS AF- 
FECTED/IMPACTED 

Permanent wet land and 
seasona l ly  f looded 
lowland i n s i d e  

R i v e r s  Surma Kushiyara; 
Ou ts ide  P r o j e c t  

EFFECT/IMPACT 

I 

Seasonal wet land g r e a t l y  
reduced 

I n h i b i t  m i g r a t i o n  o f  f i s h / f i s h  
f r y  f rom/ to  r i v e r s / b e e l s  

Stoppage o f  a l lochthonous 
inputs  w i t h  f  looduater 

Increased a p p l i c a t i o n  o f  
p e s t i c i d e  f o r  a g r i c u l t u r e  

Poss ib le  stoppage o f  spaun- 
ing / feed ing m i g r a t i o n  o f  major 
carps f rom/ to  r i v e r s  and bee ls  - 

I I 

Reduced f i s h  
hab i t a t .  Poss ib le  
des t ruc t i on  of 
spauning ground 

Reduced popu la t i on  
o f  major carps 

Reduced f i s h  s tock  
replenishment 

Decreased pro- 
d u c t i v i t y  o f  the  
wetland 

Fish hea l t h  hazard 

Poss ib le  reduced 
popu la t i on  o f  major 
carps ou ts ide  

SEQUENCES 

I I I 

Reduced f i s h  
popu la t i on  and 
species d i v e r s i t y  

Reduced capture  
f i s h e r y  
p roduc t i on  

I v 

Increased c u l t u r e  
f i s h e r i e s  i n  t he  
long term 



Figure 7.15. Expected imports to capture fisheries from submersible embankments: Surma-Kushiyara Project 
Area 

EVENT/ INTERVENTION 

SUBMERGIBLE EMBANK- 
MENT I R R I G A T I O N  

RESOURCE COMPONENTS 
AFFECTED/IMPACTED 

Permanent uet land and 
seasonally flooded 
Louland ins ide 

Rivers Surrna Kushiyara 
outside 

EFFECT/lMPACT SE~UENCES 

I 

Reduced f i s h  hab i ta t  by area 
and by time due t o  p ro tec t ion  
from f lash  f lood  

I n h i b i t  spauning migrat ion o f  
major carps from beets t o  
r i v e r s  outside 

I I 

I n h i b i t  spawning 
migrat ion of major 
carps from beds t o  
r i v e r s  outside 

Reduced populat ion o f  
major carps outside 

I I I 

Reduced populat ion 
of major carps 
ins ide 

Reduced f i s h  
product ion outs ide 

I v 

Reduced f i s h  
product ion  



EVENT/ 
INTERVENT ION 

FLASH FLOOO 

RESOURCE COnPONENTS EFFECT/lMPACT SEQUENCES 
AFFECTED/IMPACTED I I I 11 

Aquat ic 

T e r r e s t r i a l  P a r t i a l  Loss o f  burrowing 
marrrna 1 s 

Su rv i v ing  m a m l  popula t ion 
take s h e l t e r  i n  dykes 

Helps dyke ueakening/ 
breaching 

Death o f  inmature o t t e r  
popu la t i on  

Raptors food shortage 

Loss o f  p a r t i a l  breeding 
p o t e n t i a l  o f  uoodland 
granivorous b i r d  spp.(due 
t o  boro Loss) 

Probable reduced aquat ic  Probable reduced f i s h  
macrophytes 

? 

Adverse e f f e c t  on p ied  Myna 
popu la t i on  

-- -. 

I Probable reduced f i s h  
she l te r  ma te r i a l  I 

I 

Temporary l o c a l  
m i g r a t i o n  

? 

? 

I Reduced feed/fodder I I 11 

Increased r a t  
popu la t i on  next season 

? 

Increased popu la t i on  
o f  e a r - c u t t i n g  
c a t e r p i l l a r  next 
season 

f o r  Livestock 

Rabi/Boro crop 
a f f e c t e d  

Figure 7.16. Expected impacts of biological resources in absence of project development: Surma-Kushiyara 
Project Area 



Figure  7.16. Continued 

EVENT/ I N T E R -  
VENT ION 

SEASONAL FLOOD 

RESOURCE CCMPONENTS 
AFFECTED/IMPACTED 

Aquat i c 

EFFECT/ IMPACT SEQUENCES 

I 

Decreased phyto- 
and zooplankton 

Decreased phyto- 
and zooplankton 

I I 

Reduced migratory 
b i r d  next season 

Decreased f ish- 
population, espe- 
c i a l l y  major carp 

Decreased f i s h  
population, espe- 
c i a l l y  major carp 

I11 

Reduced aquatic 
ecosystem produc- 
t i v i  t y  



EMBANKMENT AT T e r r e s t r i a l  open Land Increased area of Increased t e r r e s t r i a l  Increased b i o l o g i c a l  
DESIGN FLOOD seasonal open Land b i r d  popu la t i on  pest  c o n t r o l  
LEVEL: 

II EVENT/ IN- RESPIRE CWPONENTS 
TERVENTION AFFECTEO/lMPACTED 

REGULATORS 

EFFECT/IMPACT SEQUENCES 
I I I 

Increased area o f  Increased insect  popu- 

Seasonal ue t l and  Reduced area o f  
seasonal ue t l and  

Figure 7.17. Expected impacts to biological resources from full flood protection or submersible 
embankments: Surma-Kushiyara Project Area 

Reduced popu la t i on  o f  
f togs and M. 1 i zards 

Rats and M.l izards eas ier  
t o  ca tch  due t o  
confinement 

Reduced t o t a l  wetLand 
qua1 i t y  

Increased popu la t i on  
o f  i nsec ts  and r a t s  

Reduced water b i r d  
p o p u l a t i o n  

Increased c r o p  damage 

Poss ib le  
embankment damage 

Reduced wet land pro-  
d u c t i v i t y  due t o  
reduced b i r d  dropp ing 



Figure 7.18. Expected impacts to human resources in Surma-Kushiyara area in absence of project 
development. 

EVENT/ INTERVENTION 

FLASH FLOOD AND 
SEASONAL FLOOD 

RESOURCE COnPONENTS 
EFFECTED/lMPACTED 

Hunan Resources 

EFFECT/IhPACT 

I 

Reduced a g r i c u l t u r a l  
income and food secur i t y  

Reduced homestead produc- 
t i o n  and biomass 

Reduced c o n s u p t i o n  and 
increased n u t r i t i o n a l  
de f i c iency  

Reduced employment and 
income earning 
oppor tun i t ies 

lncreased Loss of  c u l t u r a l  
s i t e s  and her i tage  ( land 
erosion) 

I I 

Increased 
poverty. 
i nequa l i t y  and 
Land Lessness 

Chronic shortage 
of  biomass and 
fue l  

7 

? 

7 

SEQUENCES 

I I I 

Increased under employment 

Increased d is t ress  sa le 
mortgage 

lncreased concentrat ion o f  
ueal th  and income 

Poorer households more 
af fected 

I v 

Increased 
de te r io ra t ion  i n  
the general q u a l i t y  
o f  L i f e  



from homestea displaced households 

Increased de te r io ra t ion  i n  
and decreased the general q u a l i t y  of l i f e  

of water sources f o r  
domestic use 

F i g u r e  7 .18 .  C o n t i n u e d  



Figure 7 . 1 8 .  Continued 

EVENT/ IN- 
TERVENTION 

Erosion of 
r i v e r  banks 

RESWRCE 
COMPONENTS 
EFFECTED/ 
IMPACTED 

Homestead, 
Agr icu l  tura 
I Land 

EF FECT/IMPACT SEQUENCES 

I 

Increased 
Landlessness 

Loss o f  property 
and assets 

Loss of nat ional 
t e r r i t o r y  

Loss of cu l tu ra l  
s i tes /her i tage  

I I 

Possible outmigr- 
a t i o n  

Displacement and 
st ress 

Increased heal th  
r i s k  and 
n u t r i t i o n a l  
def ic iency 

I I I 

Increased 
d is rup t ion  i n  
k inship and 
Lineage 

Increased 
de te r io ra t ion  i n  
the overa l l  
econanic con- 
d i t i o n s  o f  
households 
af fected 

I v 

Poor 
households 
more af fected 



Figure 7.19. Existing impacts to human resources from full flood protection: Surma-Kushiyara Project Area 

EVENT/ INTER- 
VENTION 

EMBANKMENT AT 
DESIGN FLOW 
LEVEL 

RESOURCE CWPONENTS 
EFFECTED/IMPACTED 

Hunan resources 
ins ide the pro ject  

EFFECT/IMPACT 

I 

Increased agr rcu l tu ra l  
product ion 

I I 

Increased Land p r i ce  ins ide the p ro jec t  

Increased c red i t  needs ( H Y V )  

Increased agr i cu l tu ra l  employment 

Increased competition f o r  share cropping 

Inequitable d i s t r i b u t i o n  o f  increased 
production benefi ts 

More comnercial and inpersonal 
re la t ionsh ip  o f  
domination and 
dependence 

SEQUENCES 

11 1 

Increased replacement of share 
cropping by cash rentals. 

Reduced importance o f  k inship 
factor  i n  share cropping 

Increased d i v e r s i f i c a t i o n  o f  income 
by large land owners 

Increasing concentrat ion of Land i n  
fewer hands 



F i g u r e  7 .19 .  C o n t i n u e d  

EVENT/ 
INTERVENTION 

RESOURCE COMPONENTS 
AFFECTED/IHPACTED 

SEQUENCES 

111 

Increased 
pauperizat ion of 
t r a d i t i o n a l  
fishermen house- 
holds 

Increased 
n u t r i t i o n a l  
def ic iency f o r  
poorer households 

EFFECT/IMPACT 

I 

Increased 
involvement o f  
women i n  home- 
gardeni ng , 
poultry,  and 
l ivestock r a i s i n g  

Increased supply 
of firewood from 
homestead and 
roadside 

Decreased capture 
f isher ies 
production i n  the 
long run 

Decreased 
t rad i t i ona l  
f i sh ing  opportu- 
n i t i e s  

Irrproved road 
comnunication 

I I 

More carbo-hydrate 
dependent 
n u t r i t i o n  

  educed employment 
f o r  t r a d i t i o n a l  
f i s h i n g  
comnunities 

Increased income 
from capture and 
cu l tu re  f i sher ies  
f o r  s o c i a l l y  
advantaged 

Decreased f i s h  
consunpt i on by 
poorer households 

Increased m o b i l i t y  



H m n  resources 
outside the p ro jec t  

F i g u r e  7 .19 .  C o n t i n u e d  



Figure 7.20. Excepted impacts to human resource from submersible embankments: Surma-Kushiyara Project Area 

EVENT/ INTERVENTION 

SUBMERGIBLE EMBANK- 
MENT IRRIGATlON 

RESMlRCE CWPONENTS 
AFFECTED/IMPACTED 

Hunan resources 
i ns ide  p r o j e c t  

EFFECT/IMPACT 

1 

Increased b e n e f i t s  
from homestead 
product i on 

lncreased b e n e f i t s  
from a g r i c u l t u r a l  
product ion 

SL igh t l y  improved 
hea l th  and hygiene 
s i t u a t i o n  

1 I 

lncreased employment 
oppor tun i t i es  f o r  
Landless and marginal  
farmers 

Increased Land p r i c e  
f o r  lands saved from 
f l a s h  f l o o d  

Inequ i tab le  
d i s t r i b u t i o n  o f  
b e n e f i t s  amongst Large 
and med im farmers 

SEQUENCES 

111 

Increased buying 
capac i t y  f o r  t h e  poor 

IV 

Increased food i n take  f o r  
t h e  poor 



Surma-Kushiyara EIA Case Study - June 1992 

7.2.1.2 Full Flood P~-otection 

Full flwd protection involves building embankments at points of high flood recurrence. If the 
left bank of the Surma River and tlie riglit bank of the Kusliiyara River are embanked and 
drainage networks are developed, the following impacts are foreseen. 

a. Impacts I 

Full flood protection would aim to protect the project area from uncontrolled overbank flooding 
during early and late flash floods, and during abnornially high, early and late seasonal floods. 
A 20-year flood design would protect tlie area from devastating events similar to those in 1959 
and 1991 when the river Kushiyara had tlie highest stage of 5.9 m. 

Properly designed, constructed and maintained embankriients would contain breaches and 
therefore flooding, and woi~ld reduce erosion alongside the river banks. The inflow of sediment 
from the rivers and deposition of sand and silt would be prevented, thereby protecting the area's 
drainage network from increased sedilnentation. In addition, drainage congestion would be 
reduced due to less river floodi~ig and conseqilent water stagnation. 

Properly designed, operated and maintained regi~lators would control flooding enough to support 
normal agricultural activities, provide water for irrigation, and allow groundwater recharge. 

Negative inipacts would occur i f  an e~iibank~iient is constructed along tlie banks of the Surma 
and the Kusliiyara Rivers. An embank~nent would have a co~ifinerne~it effect, raising water 
levels and affecti~ig downstream reaches toward Sylliet and Fencliuganj. It is difficult to 
accurately predict how ~iiucli tlie river stage would rise downstream of tlie embankment but, 
because the Surnia would continue to flood, areas below Charkhai are likely to be greatly 
affected. Currenlly tlie Sur~iia flood flow spills into tlie Kusliiyara pri~iiarily through Sada Khal. 

Construction of an embankment would create modest and slow-acting geomorphological 
consequences at a rate which is difficult to estimate. Currently, the rivers have low gradients 
and velocity. A 100-year flood design would increase velocities to 0.5 d s e c  over the current 
bankfull conditions. Bank channels also would te~id to widen gradually, while gradients would 
decrease. I t  is difficult to determine what effect confine~nent would create on the non-embanked 
side of the rivers. Some estiriiates (EPWAPDA 1966) suggest that tlie rivers may widen up to 
0.5 km and create some overland flow. 

There is the possibility that the embankment could fail, creating i~nexpected flooding with serious 
conseqrlences. 

The area within the set-back distance (from river bank to tlie enibank~iient, an estimated area of 
1,000 ha) woirld be constatitly tlireate~ied by erosion and recurring flash and seasonal floods 
more freque~i tl  y because of confinement effect. 

Farmers i n  the area are presently in favor of sediment deposition within tlieir lands because of 

7-30 
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the popular belief tllat natural flood water (river overspill) enriches soil fertility. Flood 
protection would end tliis natural process and would elid tlie natural flushing of the area (see 
health section below). The extent of tlie value of tliese natural benefits of flooding has yet to 
be adequately quan ti  fled. 

b. Mitigation 

The silted canals sliould be re-excavated for proper drainage and the canal network restored to 
contain flooding that would occur from accidental breaching. Tliis would reduce the severity 
of floods as drainage network would absorb the onrush of water to a great extent. Such 
measures should reduce congestion by trapped rainfall. Drainage i~iiprove~nent is expected to 
reduce flood damage on medium-liigli and mediu~n-lowlands. 

To promote stabilization, the embank~iients miglit need to be continuo~~sly raised and maintained. 

Ideally, the people living within tlie set-back distance sliould be resettled. In  addition, the road 
network near tlie Kushiyara River sliould be developed as an enibank~nent. This would reduce 
costs and partially solve the resettlement issue because tliis would 1101 require acquisition of 
additional land by tlie Governnient. 

Full flood protectioti calls for contain~nent of rivers by eliibankments. The rivers are highly 
flashy and have quite a velocity. Therefore, construction of embanknient should be high quality 
design and work. Moreover disaster slielters need to be cotistructed at convenient locations for 
safety in extretiie events like sudden failure on e~iibanknient. 

Submersible etiibanktiients would provide protection frotii i~ticotitrolled flash floods arid reduce 
frequent seasonal floods. Sitice subniersible embank~nerits do not provide fitll flood protection, 
the flood tlireat would re~naiti. Altliougli floods would occur less frequently, they would 
continue to devastate tlie lives and liveliliood of tlie people. 

Despite the presence of submersible enibankments, flash atid seasotial floods would continue to 
batter areas from the river batiks to tlie embankments. In  addition, breached embankments 
would continue to create illiexpected flooditig. 

Re-excavating silted canals and restoring tlie canal network would enhance drainage and 
therefore con taiti flooding tliat results from accide~i tal breacliitig. All canals and drainage 
networks previously coli~iected wit11 tile rivers slior~ld be excavated. Restoring the drainage 
network and excavating canals also sliould reduce cotigestive trapped rainwater. 

Because of the risitig river bed, enibatiknietits need to be contitiuoitsly raised, stabilized and 



Surrna-Kushiyara EIA Case Study - June 1992 

properly maintained. Regulators also should be properly maintained. 

If submersible embankments are constructed, the existing dike system should be improved using 
proper section and slope. 

7.2.2. Water Quality 

7.2.2.1 Future Without Project 

Floods, especially river bank overflow, flush the project area. This flush washes away animal 
and human faeces and accumulated domestic wastes. It also dilutes pollutants such as 
insecticides and otlier clieniicals. Fresh flood water is higher i n  dissolved oxygen than stagnant 
waters and generally iiiiprove water quality. 

Industrial wastes discharged into tlie Barak and Kusliiyara Rivers presently contaminate tlie 
Surma and Kushiyara and are potentially toxic to both humans and fish. The carbon dioxide 
content is increasing. River water contaminated by industrial wastes also reduces water quality 
in khals, beels and ponds. People are presently not adequately educated to understand the 
hazards of throwing or discharging domestic or industrial waste into the water systems. They 
are also frequently unaware of tlie hazards of defecating near or into the water systems. 

People drink both surface water and groundwater. The water in  rivers, beels and ponds is 
contaminated and is probably respo~isible for ~iiost gastrointestinal diseases. Groundwater is very 
high in  iron (2 to 12 ~iig/l) making i t  unsafe for human consulnption. 

7.2.2.2 Full Flood P~.otection 

a. Impacts 

As flood water is not expected to enter the project it is difficult to predict water quality changes 
that might occur with fill1 embankment protection. Wliile the embankment would protect the 
area from da~nagilig floods, i t  would also prevent tlie seasonal and flash flood flushing that is 
considered beneficial to water quality . Because the area receives large quantities of rain fall, an 
embankment is not expected to affect grouridwater quality as percolation would continue to 
recharge the aquifer. A long term study on groundwater hydrology, however, is needed to truly 
assess this issue. 

An embankment would allow an increase in  cropping intensity and prolnote the use of HYVs. 
With such changes, farmers would increase tlieir use of pesticides (by an estimated 1000 kg 
annually) which might degrade water quality, depending on the mode and rates of application. 

b. Mitigation 

People must be educated not to dispose or discliarge domestic or industrial waste in or near 
water systenis. Tliey ~iiust also understand the health hazards of defecating in  or near water 
systems. People sliould be educated to boil their drinking water or at least use water purifying' i 
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tablets. The tablets should be available at low cost. 

More hand tubewells should be provided for domestic water use. 

Pesticides should be used strictly in tlie prescribed manner. They should never be handled near 
surface waters nor should the containers be washed in ponds, canals, beels or rivers. There 
should be awareness and education progranis on this important problem from the extension 
agencies and public information systems. The manufacturers should label their products with 
health related information and instruction. 

The situation where subniersible embankments are provided is similar to the future witliout 
project except that tlie intensity and severity of flash and seasonal floods would be reduced. 
Submersible embankments would allow an increase in  cropping intensity and promote the use 
of HYVs. Such changes would promote increased pesticide use which might degrade water 
quality. 

Irrigation would increase, which would reduce the availability of water for domestic purposes. 
Therefore, people would becollie more dependent on groundwater for domestic uses. 

With submersible embankments tlie drainage system is expected to hold more water. Surface 
water quality is not expected to deteriorate because water flow situation remains almost same 
as is at present. 

With an increase in cropping intensity and tlie use of HYVs, farmers would use more pesticides 
which could degrade water quality. In addition, pesticides should be used strictly in the 
prescribed manner. Pesticides never should be handled near surface water areas, nor should the 
container be washed in such areas. People should be educated to boil their drinking water or 
at least use- water purifying tablets. 'The tablets should be available at a low cost. More hand 
tubewells should be provided for domestic water use. 

7.3.1 Soils nlld Topogrnpl~y 

7.3.1.1 Future N'itl~ol~t Project 

Without embankments, soils of tlie area would continue to support tlie current agricultural 
practices. 'The soils would continue to be exposed to flash and seaso~ial floods that cause heavy 
crop losses every year. 
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Each year, fresh sediments are deposited within the project area, primarily on the highlands and 
medium-highlands. These sediments may add nutrients to the soils. Local farmers favor annual 
sedimentation since they believe i t  increases crop production. 

Without the project there would be continued erosion along the Kushiyara River. Continued 
erosion would result in more territorial loss for Bangladesh. 

In addition, the project area's drainage systeni may deteriorate further. Soils in the basin area 
would continue to remain under water for long periods, possibly affecting its physical properties. 
The current adverse hydrological situation of the area would keep land in fallow condition. At  
present, about 500 ha. remains fallow every year. 

7.3.1.2 Full Flood Protectiori 

With project intervention, the soils of the project area would be protected from flash floods and, 
therefore, used more for agricultural purposes. The depth of surface inundation of soils would 
be reduced in tlie nionsoon season, thereby increasing higliland and medir~~n highland areas, and 
decreasing medii~ln lowland and lowland areas (Table 7.1). 

I 

Soil phase changes [nay occur. Part of the Goyainghat medium highland phase may become 
highland phase, wliile tlie Kanairgliat medium lowland phase may be included partly under the 
medium highland phase of the same soil series. 

As crops are protected fro111 floods, farniers liiay invest more in intensive cultivation with HYV 
crops, fertilizers atid pesticides. Increased pesticide use ]nay harm beneficial soil microbes. 
Random application of fertilizer without addition of organic nialiure may degrade the natural 
fertility of tlie soils. Groundwater and surface water also may be contaminated. 

As a consequence of reduced nuliiber of days of inundation on the soils of the Project areas, 
biological fixation of nitrogen in the soils Iiiay be decreased. In addition, tlie deposition of 
nutrients via fresh sediliien ts may be reduced and the soils may develop more acidity. 

b. Mitig i\ t' 1011 

To stop probable degradation of soil fertility, the following measures should be adopted: 

Using of more organic ilianure 
Practicing green manure techliology 
Using of fertilizers and pesticides judicioilsly 
Occasional operation of regulators to flush tlie area 

Using less harmful pesticides or adopting Integrated Pest Management (IPM), and cautious use 
of fertilizers may prevent groundwater and surface water contamination. Environmental 
monitoring programs should be taken up to determine the extent of degradation of soil fertility 
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Table 7.1. Land Type D i s t r i b u t i o n  under Post -Pro jec t  Condi t ion  u i t h  A l te rna te  Options i n  the Surma- 
Kushiyara P ro jec t  Area 

Tota l  Area Net Area Ava i lab le  
Land Type i n  he (X o f  f o r  Ag r i cu l t u re  i n  

Tota l  Area) ha ((X o f  Tota l  Net Remarks 
Area) 

Future Without P ro jec t (0p t i on  l)/Submersible Embankment(0ption 3) 

High Land 13,831, 7,201 
(35) (24) 

Mediun High Land 5,954 5,954 
(15) (20) 

M e d i u n  Lou Land 8,320 8,320 
(22) (28) 

Low Land 10,895 8,225 
(28) (28) 

Totals:  39,000 29,700 

Future w i t h  Flood Control  and Drainage (Opt ion 2): 

High Land 16,059 9,429 
(41) (32) 

6,630 he under hmesteads 
orchards, roads e tc .  

2,670 ha under permanent water 

6,630 ha under homesteads 
orchards, roads etc.  

M e d i u n  High Land 6,764 6,764 
(1 7) (23) 

M e d i u n  Low Land 7,275 7,275 
(19) (24) 

L w  Land 8,902 6,232 
(23) (21) 

Totals:  39,000 29,700 

2,670 ha under permanent 
uater  bodies 

after project iniplenientation. 

7.3.1.3 Snb~~iel.sible E~nbnnk~~~ents  

Submersible embanknients would not cliange soil series phases as land types r~nder this option 
is not changed (Table 7.1). Natural fertility of the soils on highland and medium highland will 
remain more or less intact. Soil will continr~e to receive fresli sediments and period of 
inundation on these soils will remain same. Intensive use of fertilizers by farmers may not be 
same as the fill1 flood protection option for fear of flood. Dry season irrigation may bring more 
areas under boro cultivalion on Ka~lairgliat soils. Phagu, Kanairgliat and Terchibari soils would 
remain under wetlalid conditions throughout the year. Winter rice would be grown on these 
soils, possibly decreasing the niicronr~trie~it availability. Si~lphi~r and zinc deficiencies may 
occur in tliese soils in tlie fi~ti~re due to reduced conditions caused by irrigation. 

Irrigation may cailse seepage losses in  irrigation canals and percolation losses i n  fields passing 
through of liglit textured soils (Kusliiyara and Balaganj.series). Irrigation water may drain onto 
Phagu and Tercliibari soils and accr~nii~late in  basins to form water-logged areas. 

i 
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b. Mitigation 

The practice of growing two rice crops in basin soils may be intermittently replaced by growing 
a dry land crop to overcome soil mineral deficiencies. Introduction of legumes in crop rotation 
may prevent micronutrient availability problems. Chemical fertilizers may be applied to thwart 
micronutrient deficiencies. 

Better soil and water management and lining of irrigation canals would prevent seepage and 
percolation losses of Balaganj and Kushiyara soils. 

7.3.2 Agriculture 

7.3.2.1 Future Without Project 

Without a project, the current land types and current cropping practices are expected to remain 
the same (Table 7. I ) .  

Seasonal floods caused by heavy rainfall would continue to damage transplanted aman and 
broadcast aman crops almost every year. April and May flash floods would continue to damage 
broadcast aus, transplanted aus, boro and broadcast aman crops. Damage would be more 
frequent when existing embankments are breached or eroded. Farmers are unlikely to intensely 
cultivate with HYVs, fertilities and pesticides because of their repeated crop loss. 

Farmers are likely to corhnue seeking fresh flood sediment to raise cropland elevation and 
enhance soil fertility. In some areas large quantities of sediment would continue to damage 
seedling crops. 

Continual drainage co~igestion would aggravate and delay transplanting aman from flood- 
damaged fields and would increase the extent of flood damage. 

Farmers cannot sustain transplanted aman and broadcast aman in the field due to repeated flood 
daniage. As a result, lands are allowed to lie fallow. This current trend would likely restrict 
cropping intensity to the level of 14 1 percent. 

7.3.2.2 Full Flood P~~otection 

I f  full flood protection is provided, about 24,000 tons of annual crop damage could be 
prevented. Both ails a~id broadcast amall crops would be protected from flash floods at their 
early growth stage. Boro crops could be protected until harvest time and the repeated seasonal 
flood damage to transplanted aman could be greatly reduced. 

With the.risk of seasonal flooding reduced, single crop of transplanted (including deep water) 
or broadcast alnan could be grown in medium lowlands. 
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Current cropping intensity on highland and medium-highland areas, may increase in future as 
proposed intervention would include more areas under these land types (Table 7.1). 

Present cropping patterns on different land types are likely to be picked up by neighboring 
farmers if  identical liydrologic conditions are created in their fields. Based on this assumption 
projected cropping patterns are shown in Table 7.2. 

Outside the embankment , loss of crops by flash flood would be more frequent. 

Projected cropping patterns may increase cereal production up to 85,000 tons (Table 7.3) 
annually and cropping intensity to 153 percent from present annual production of 55,000 tons. 
Increase crop production and cropping intensity with increase agricultural labor requiremeri ts and 
inputs (Table 7.4 and 7.5) which would have impact on socio-economic situation of the area (For 
detail, please see Chapter 7.5) 

New sustainable cropping patterns are needed for areas outside the embankments. One proposed 
cropping pattern may be late transplanted alnan (BR-23) followed by short-term rabi crops 
(potato) or winter vegetables. River water irrigation may be provided to these crops. 

Submersible en~bankments woi~ld aid in delaying flash floods for about a month, allowing 
farmers extra ti me to si~ccess ful I y harvest their boro crop and aman crops. 

Transplanted anian grown on higher areas, and grown in areas where broadcast aman was 
damaged, may be hurt by seasonal and late flash floods.If irrigation is provided, HYV boro may 
replace broadcast aman in ~nedium-lowland areas. In addition, lowland areas would produce 
more boro crop because current fallow lands woi~ld be cultivated. 

With submersible embankments in place, flash floods would not damage aus and broadcast alnan 
as often. Although reduced, the fear of flooding may persuade farmers to replace aus with boro 
crops on some highland and ~nediu~n-highland areas instead of irrigating aus. If submersible 
embankments are used, future cropping patterns (Table 7.2) may produce 70,000 tons of cereal 
per year (Table 7.3) and increase cropping intensity to 146 percent. Crop irrigation 
requirements with submersible embankments are shown in (Table 5.15) 

Loss of Aus and A~nan crops may be recovered if farmers are supported timely with seedlings 
and credits during their second transplantation of crops. 
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Table 7.2. Cropping Pat terns  under Post -Pro jec t  Condi t ions w i t h  A l t e rna te  Opt ions in the  Surme-Kushiyara 

P ro jec t  Area 

Area (ha) under P a t t e r n  

Land Cropping P a t t e r n  Without FCD Sub. 

Type K h a r i f - 1  Khar i f - 2 Rabi P ro jec t  Errb. 
0 p t . l )  (0pt.2) Opt.3) 

High 

Land 

B.Aus(L) 

T.Aus(L) 

T.Aus(L) 

T.Aus(H) 
B.Aus(L) 

Seed Bed 

Seed Bed 

B.Aus(L) 

T.Aman(L) 

T.Aman(L) 

T.Aman(H) 

T.Aman(L) 
T.Aman(H) 

T.Aman(L) 

T.Aman(L) 

Fal  low 

Fal low 

Fal low 

Fal low 

Fal low 
Fal low 

Fal low 

Boro(H) 
Rabi Crop 

Sub-Total : 

Mediun 
High 

Land 

B.Aus(L) 
T.Aus(L) 

T.Aus(L) 

T.Aus(H) 

Fal low 

T.Aman(L) Fal low 
T.Aman(L) Fal low 

T.Aman(H) Fal low 

T.Aman(L) Fal low 

T.Aman(L) Boro(H) 

Sub-Total: 

Mediun 

LOW 

Land 

B.Aus(L) 
B.Aman(D) 

Fal low 

Fal low 

0-Aman 

Fal low 

Fal low 

T.Aman(L) Fal low 
T.Aman(L) Fal low 

T.Aman(L) Fal low 

T.Aman(L) Boro(H) 

0. Aman Fal low 

Fal low Boro(H) 

Fal low Fal  low 

Sub-Total: 

Lou 
Land 

B.Aman 

Fal low 

F a l l o u  
Fa1 l o u  

0. Aman Fal low 

a dl low Boro(H) 

Fal low Boro(L) 
F a l l o u  Fal  l o u  

Sub-Total 

Grand Total :  29,700 29,700 29,700 

L= l oca l  H= h igh  y i e l d  D= damaged 

7.3.3 Livestock 

7.3.3.1 Future Witllout Project 

Seasonal and flash floods would continue to damage major crops of the area, creating shortages 
of livestock fodder. Econo~nic restraints would prevent most farmers from purchasing feed or 
fodder from the market. Much poultry would be lost during flash floods. Disease and 
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Tabte 7.3. Crop Area and  tod duct ion under Post -Pro jec t  Condi t ion  w i t h  A l te rna te  Options i n  the Surma-Kushiyara 

P ro jec t  Area 

Area (ha) Y i e l d  ( t /he)  Product ion Product ion 
Crop Normat Damaged Normat Damaged ( tons) Lost ( tons)  

Future Without P ro jec t  (Opt ion 12: 

1.2 0.5 
1.5 0.8 

2.7 1.0 , 

1.6 0.0 
1.8 1.0 
3.0 1.6 
2.0 1.0 
4.0 1.6 

Total  Paddy: 

With Flood Controt and Drainage (Opt ion 2>: 
1 

Total  Paddy: 85,151 

With Svbmersibte Embankment. Orainage and I r r i g a t i o n  (Opt ion 31: 

Totat Paddy: 70,953 16,795 

epidemics would co~itinue to be limiting factors on livestock populations. 

Full Flood PI-otect ion 

I f  ful l  flood protection is provided, crop production would increase, thereby reducing tlie feed 



Sur~na-Kus11iy;ira EIA Case Study - June 1992 
I 

Tab le  7.4. I n p u t  Use Leve l  i n  D i f f e r e n t  Crops under P o s t - P r o j e c t  C o n d i t i o n  i n  t h e  Surma-Kushiyara P r o j e c t  

Area. 

Crop Person Animal Seed Pest  i - 
-Days P a i r -  (kg )  Urea TSP MP c i d e s  

Days ( k g )  

B Aus(L) 

T Aus(L) 

T Aus(H) 

El A m n  

T Amn(L)  

T Aman(H) 

Boro(C) 

Boro(H) 
Rabi Crops 

Table 7.5. A g r i c u l t u r a l  Labor Requirements under P o s t - P r o j e c t  C o n d i t i o n  w i t h  A l t e r n a t e  Opt ions  in  t h e  Surma- 

Kush iyara  P r o j e c t  Area. 

Crop Area Person-Days per  Hec ta re  

(ha) Jan Feb Mar Apr May,Jun J u l  Aug Sep Oct Nov Dec Tot 

F u t u r e  Wi thou t  P r o j e c t  ( O p t i o n  1 ) .  

B Aus(L) 7,371 

T Aus(L) 5,024 

T Aus(H) 1,430 

B A~nan 2,770 

T Anan(L) 15,903 

T Annn(H) 2,391 

Boro(1)  4,940 

Boro(H) 2,145 

Rabi Crops 721 

T o t a l  Requirement: 

(000 person-days)  

and fodder shortages. 

Full flood protection also may reduce disease due to an improved hygienic environment during 
tlie wet months. I n  turn, Ilealtliy livestock may provide more draft powcr and increase 
availability of a~iirnal protciri for Iiuman consumption. Increasc croppirig intensity arid 
conversion of fallow land into crop lalid may limit the grazing facility of tlie arca. 

Grnzirig facility on wasteland, along roadsides and embankments may be improved by growing 
napier and para foragc grasses. 

BEST AVAiLABLE COPY 
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Table 7.6. Agr icu l tura l  Labor Requirements under Post-Project Condition with Alternate Options i n  the Surma- 
Kushiyara Project Area. 

Crop Area Person-Days per Hectare 
(ha) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 

With Flood Control and Drainage (Option 2): 

0 Aus(L) 8,698 
T Aus(L) 6,021 
TAus(H) 1,809 
0 Aman 2,770 
T Aman(L) 16,221 
T Aman(H) 2,903 
Boro(L) 4,940 
Boro(H) 2,145 
Rabi Crops 721 

Total Requirement: 
(000 person-days) 

- - - - - -- - 

With Subnersible Embankment, Drainaqe and l r r i q a t i o n  (Option 3): 

B Aus(L) 7,371 31 30 30 25 15 5 136 
T Aus(L) 5,024 10 40 30 15 15 25 20 155 
T Aus(H) 1,080 10 40 30 20 20 25 20 165 
B Aman 2,770 30 30 10 25 20 115 
t Aman(L) 15,593 10 40 30 20 10 25 20 155 
T Aman(H) 2,391 10 40 30 25 15 25 20 165 
Boro(L) 5,500 30 20 15 25 20 10 40 160 
Boro(H) 4,985 30 30 25 25 25 20 10 40 205 
Rabi Crops 721 10 10 15 10 30 20 95 

Total Requirement: 322 267 591 818 678 571 934 729 506 261 631 829 7136 
(000 person-days) 

7.3.3.3 Submersible embanltments 

a. Impacts 

If submersible embankments are built and irrigation facility increases, grazing areas may be 
reduced because farmers would use more land to increase boro production during the dry season. 
But flash floods would continue to damage crop residues (fodder) stored in homestead 

courtyards. Protection from submersible embankments may not improve hygienic conditions. 

b. Mitigation 

To offset the negative impacts of submersible embankments quality fodder crops (khesari, black 
grass) should be incorporated into the current cropping pattern. Forage grasses (napier, para) 
may be grown on wastelands, along roadsides and embankments. 

The number of buffalo should be increased because they are well-adapted to the project wetland 
situation. They also would increase draft power for various agricultural operations, 
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7.3.4 Other Land Uses 

7.3.4.1 Future Without Project 

Flash floods are likely to continue to damage homes, homestead vegetation, vegetable gardens 
and cowsheds. Poorly built schools, madrasas, bazaars, and mosques are also damaged. 
Roadside plantations are affected and road communications are interrupted during peak hours 
of a flash flood. 

Existing embankments are frequently breached or eroded, causing damage to life and property. 
This trend is likely to continue. 

7.3.4.2 Full Flood Protection 

a. Impacts 

Full flood protection would protect homesteads, roads, embankments, schools, madrasas, bazaars 
etc. Homestead vegetation and vegetable production also would be protected. The number of 
plan tations may increase along embankments and roadsides as people become interested in 
intensive plantations. 

b. Mitigation 

The embankment should be properly designed for plantation programs which should be 
accompanied with benefit sharing agreement with local people. Embankments should be well 
built to avoid risks of failure. 

7.3.4.3 Submersible Embankn~ents 

a. Impacts 

Submersible embankments will reduce the depth and duration of flash floods. Reduced damage 
to homesteads, roads, bazaars, plantations and vegetation are expected. 

b. Mitigation 

Embankments should be strengthened at all breaching points. Roads should be raised and 
repaired at points where flood water overflows. Homestead courtyards and home foundations 
should be raised to safe heights. Pond banks should be raised and strengthened to control 
overflow flood water. Vegetation and plantations should be drained to limit flash flood damage. 

7.3.5 Forestry and Homestead Vegetation 

7.3.5.1 Future Without Project 

Repeated floods would continue to damage homestead vegetation. Floods also would continue \ 
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to damage economically important frees such as betelnut, cane, patipata, jack fruit, wood apple 
and neem. It would be difficult for new seedlings and saplings to become established. 

As the human population continues to grow, people would settle on medium-highland and 
medium-lowland areas with corresponding decreases in available crop land. Farmers are 
unlikely to cultivate summer vegetable crops and there would be an increase in the trend toward 
biomass depletion. 

7.3.5.2 Full Flood Protection 

a. Impacts 

With full flood protection about 80 percent homesteads would be protected from flood inunda- 
tion. Such protection also would promote an increase in  plantation forests and natural 
vegetation, and decrease deforestation. Homestead and plantation production would increase, 
resulting in more food, fodder, fuel, timber and building materials. Such increases would 
improve nutrition, health conditions and overall economic conditions. More vegetative cover 
also should lessen the negative effects of floods, droughts, cyclones and other environmental 
disasters. 

If full flood protection is provided, however, homesteads are likely to spread over medium- 
highlands and medium-lowlands. This increase in homesteads would result in a loss of croplands 
and natural vegetation. Even with full flood protection, homesteads, plantations and natural 
vegetation would be seriously damaged during major floods. 

New fast growing and high yielding plant species may be introduced, but are likely to be 
damaged during extreme floods when embankments are overtopped and breached. 

b. Mitigation 

To offset the losses caused by a reduction in crop area, farmers need inore economic return from 
homestead groves, embankments, roadsides and waterway bank plantations. The returns could 
be in the form of food, fodder, fuel or cash. The design of embankment structures should be 
suitable for plantation programs and plantation prograins should be accompanied with the benefit 
sharing agreement with the local people. 

Drainage and irrigation facilities should also be improved to facilitate increased plant production. 

7.3.5.3 Subniersible Embalikmerits 

a. Impacts 

With submersible embankments, slow and late inundation would occur for short periods of time 
as the flood water will enter late and slowly. There should be less homestead plantation loss 
depending upon the depth and duration of inundation. Because the embankment construction is 
controlled, displaced households may be resettled inside the project area. This would result in 
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a loss of homesteads and cropland production outside the embankment, thereby promoting river 
erosion. 

b. Mitigation 

Properly designed and constructed einbankments may minimize the set-back distance and the 
risks of embankment failure as well. Raising of homestead mounds, vegetable gardens, roads 
to a safe height will be needed. Introduction of flood resistant species for vegetation/cultivation 
will be needed to avoid malnutrition, fuel and fodder crisis. 

7.4 Biological Resources 

7.4.1 Open Water Capture Fisheries 

7.4.1.1 Future Without Project 

If the project is not built, the existing fish habitat would remain ~nostly unchanged provided that 
the siltation rate is not Iligh. Co~ltinuous siltation, however, would gradually raise wetland and 
canal beds, resulting in reduced fish habitat and hinder migration of major carp and other species 
in early monsoon. High turbidity would continue to harm fish liealtll and limit primary produc- 
tivity. Fish species diversity and production would gradually decline over years. 

7.4.1.2 Full Flood Protect ion 

a. Impacts 

With full  flood protectio~l the existing fish habitat (seasonal wetlands) would be greatly reduced 
by about 6000 ha resulting in the loss of about 1000 tonnes of fish per year (based on average 
assumed production rates). Besides spaiial reduction, there would also be temporal (hectare- 
month) reduction of flood plains within the project area i.e. reduction of existing 6-7 months 
(May-November) to 4-5 months (June-October). Such protection also would inhibit the 
migration of fish and fry from inside the project area to outside, and vice versa. The population 
of major carp species would be reduced by about 80 percent. Fish stock replenisllment would 
be reduced as well as fish population and species diversity. 

Full flood protection would prevent allochtllonous nutrient sources from e~ltering the area in its 
usual flood-transported manner. The absence of such nutrients would reduce wetland produc- 
tivity. Eutrophication of beels may occur over years which would promote excessive macro- 
phyte growth and algal bloom that would result in adverse environmental condition viz. oxygen 
depletion, accumulation of toxic gases etc. thereby, make the wetlands unsuitable for some fish 
species. 

Increase application of agro-chemicals (about 1000 kg. per year) due to intensive HYV crop . 
cultivation could jeopardize fish health. 

Reduced fish habitat co~npounded with reduced migration and increased fishing pressure would 
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decrease overall capture fishing production within the project area. 

b. Mitigation 

If full flood protection is used there should be increased numbers and distribution of structural 
openings of the proposed canals and existing open canals. Canals and bee1 beds should be 
desilted to maintain water levels year round. In addition, regulator vents should be open during 
April to May, and August to October to facilitate fish migration and replenishment of stocks. 

The parent stock of resident fish should be conserved.. Fishing in some large beels (Andu Baor, 
and Dubail, Chatal, Dubag and Septi beels) should be limited to every two to three years in 
alternate sequences. Fishing for major carp should be restricted during spawning migration and 
wetlands should be regularly stocked with carp fingerlings. Fish hatcheries should be installed 
and culture fisheries improved. Excess macrophytes should be removed from stagnant wetlands. 
Application of non-degradable pesticides should be carefully controlled. 

7.4.1.3 Submersible Emba~lltnients 

a. Impacts 

If submersible embankments are used major carp would be inhibited in migrating from beels and 
'baors within the project area to adjacent rivers during the early nionsoon (March to May). 
Therefore, the number,of major carp inside the project area and in the adjoining areas would 
decrease by about 50 percent. 

b. Mitigation 

If submersible embankments are used wetlands should be regularly stocked with carp fingerlings. 
Fishing the permanent wetlands by complete dewatering should be restricted. Sluice gates 
should be kept open during the entire seasonal flood that comes after the boro harvest at the end 
of May. 

7.4.2 Closed Water Culture Fishery 

7.4.2.1 Future Without Project 

If the project is not built, closed water culture fisheries (pond fishery) would continue to be 
adversely affected by both flash and seasonal floods. As flood water inundates fish ponds, 
stocked fish as well as undesirable fish swim out or are swept away by flood water. 

7.4.2.2 Full Flood Protection 

a. Impacts 

Because the area would be fully protected froin flash and seasonal floods, closed water culture 
fisheries would be developed gradually inside the project area by around 5 percent ponds per 
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year. People would be encouraged to engage in  pond fisheries for additional income. 
Production of fish would increase from existing 400-8000 kg/ha/year to around 1500 kglhdyear. 

b. Mitigation 

All support services related to culture fisheries, such as quality fish seed, and technical and 
credit supports, should be available to local people. 

7.4.2.3 Submersible Ernba~lknlellts 

a. Impacts 

Submersible embankments would protect culture fishery ponds by about 30 percent. Seasonal 
floods, however, would continue to damage ponds, discouraging pond owners from engaging 
in  pond fisheries. 

To avoid losing fish to floods, ponds should be stocked with large fingerlings after the flooding 
period (between September and November). The fish should be harvested before the next 
flooding period by May. 

7.4.3 Wildlife 

7.4.3.1 Future Without Project 

a. Impacts 

Without project intervention dholkolmi (Ipomoeu fisrulosa) would probably expand its coverage 
over a large area between perennial water bodies and lowlands. Because of flash floods these 
lands are not cultivated (mostly belonging to poor people). If these lands are allowed to remain 
fallow for 2 - years dholkolmi growth makes i t  impossible for cultivation. 

The fertility of wetlands would be continually affected by the loss of aquatic macrophytes 
through frequent flash floods. These macrophytes are currently the main sources of nitrogen and 
phosphorus. 

Human activities next to wetland areas, principally boro cultivation from November, would 
continue to create problems for migratory birds during the migration period (October to Mid 
April). Over-ex traction of macrophytes, bee1 water for irrigation and overfishing would continue 
to negatively affect migratory birds. 

Habitats for endangered and threatened wildlife species are declining country wide, and wildlife 
populations in  general are declining due to overhunting and trapping, mainly by outsiders. 
These trends would continue in the project area. 
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7.4.3.2 Full flood protection 

a. Impacts 

With full flood protection the existing land - water ratio would be changed. Highland would be 
increased by 6 percent and medium highland by about 2 percent. This would favor terrestrial 
wildlife (mainly the rat population). Reduction of medium lowland by 3 percent, lowland by 
5 per cent and a reduction in  perennial water surface area would negatively affect the population 
of resident and migratory wetland dependent birds. Critical wetland habitats for endangered and 
threatened wildlife species would be reduced. 

Large populations of rates would likely negatively affect full flood embankments, creating 
suitable conditions for embankment failure. Outbreaks of insect and rodent pests would increase 
due to HYV practices and land - water ratio since flood is the major controlling factor for rat 
populations. 

b. Mitigation 

Some of the existing wetlands (Chatal Beel, Dubail Beel, Septi Beel, etc) could be declared as 
sanctuaries for wildlife under joint ~nanagement by Fisheries, Agriculture and Forest 
departments with the help of local people and administrations. The remaining water bodies 
should be placed under some form of integrated wetland management programme. The flushing 
of these areas should be a prime objective of management. 

Integrated pest management should be practiced instead of chemical control of pests. The 
Wildlife Preservation Act and other applicable laws should be strictly enforced. Plantation 
programs should be entourage to enhance the availability of wildlife habitat. 

7.4.3.3 Submersible Embanltn~ents 

a. Impacts 

There would be little change expected from the present situation without the project. Sudden 
overtopping) of submersible embankments might cause damage to aquatic niacrophytes and some 
burrowing wildlife. 

b. Mitigation 

Controlled flooding and a smooth release of water inside the project area might protect the loss 
of macrophytes. Integrated wetland management, including the controlled extraction of 
imgation water, reasonable extraction of macropliytes for cattle and as green fertilizer, 
controllalternate year fishing and strict control of legal wildlife hunting would be helpful for 
wildlife populations as well as to obtaining the greatest output of wetlands. Re-excavation of 
canals and wetlands would mitigate the loss of wetland areas through sedimentation. 
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7.5 Human Resources 

7.5.1 Population and Communities 

7.5.1.1 Future Without P~~oject 

Without a project the severity of flash floods would continue with natural or man-made 
breaching and overtopping of existing dykes. The incidence of flash flooding could worsen in 
the future, causing more damage to crops, livestock and other productive assets. Seasonal floods 
caused by heavy rainfall would remain a concern for people. Damages from such floods would 
be aggravated by blocked drainage channel outlets. Waterlogging and drainage congestion from 
blocked channels would further deteriorate, causing flood water to stand in homestead 
compounds and lowlands for longer durations. Erosion would continue to have a devastating 
effect, displacing households and exacerbating the process of landlessness. Erosion also would 
reduce the amount of productive agricultural land, promote the process of out-migration and 
contribute further to the loss of national territory. 

Settlements along the main rivers and people living on the project area periphery would continue 
to be affected by flooding and embankment breaching. Repeated flood-related damage would 
progressively deteriorate the quality of life, especially for those of lower socioeconomic status. 
I11 health, nutritional deficiency, and loss of life due to flood-related diseases would increase. 
Outbreaks of disease and epidemics may reduce the popula'tion. 

The net effect of continued flooding, waterlogging, drainage congestion and erosion wou1,d be 
continuing low agricultural productivity, increasing poverty, landlessness and unemployment. 

7.5.1.2 Full Flood Protection 

a. Impacts 

Full flood protection would stop flash flooding, improve drainage and improve the waterlogging 
situation. This would enhance agricultural production, facilitate year-round productive activities 
within agriculture, and widen the scope for non-farm employment. Farmers would grow more 
HYV varieties, use more chemical fertilizers and pesticides, and increase intense cultivation. 
Agricultural production should increase as a result. The intensive cultivation would generate 
employment opportunities and a possible rise i n  wages. Such changes would increase the income 
of many landless and land-poor households and help absorb the expanding agricultural labor 
force. 

Full flood protection would improve homestead production and increase the opportunity for 
women to be more involved in home gardening, poultry and livestock raising activities. Such 
involvement would increase household income. 

I 

With full flood protection, homestead areas are likely to spread from the existing medium- 
highlands to medium-lowlands, leading to the loss of potential agricultural land. During extreme 
flooding, breaching and embankment overtopping may seriously damage newly constructed 
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homes and homesteads, and threaten human life. Increased use of chemical fertilizers and 
pesticides, however, may harm natural soil fertility and contaminate groundwater and surface 
water. As a result, human health risks and fish diseases could increase. 

Families displaced by embankment construction and set-back requirements would lose ancestral 
homes, homesteads and agricultural land. This may cause considerable psychological stress, 
particularIy to the poorest who would become "environmental refugees" for the protection of 
their own environment. 

Areas outside the project area, but inside the impact area, such as the northern side'of Surma 
River or downstream of the project, already face severe flood damage from Lubha River over- 
spill. This situation would be further aggravated if a full embankment is constructed only on 
the left southern side of the Surma River. 

b. Mitigation 

If full flood protection is provided, farmers should be educated in judicious use of chemical 
fertilizers and pesticides. The use of organic manures should be increased and the Integrated 
Pest Management (IPM) Program should be adopted. 

People should be alerted to extreme flooding events through public awareness programs. These 
programs should be presented through local level institutions and the national media. 

Displaced households should be fully and immediately compensated for loss of homestead and 
agricultural land acquired through FCD intervention. Compensation payments could be made 
based on the socioeconomic condition of those affected and incorporate several options, 
including full compensation, allotlnent of khas land and/or resettlement in clustered villages 
without payment. 

People living outside the protection area should be educated on flood proofing and disaster 
preparedness measures. 

Embankments should be monitored and assessed for natural and intentional breaching. Local 
people should help in the monitoring. 

7.5.1.3 Submersible Emba~iknlents 

a. Impacts 

Submersible embankments would reduce frequent seasonal floods, delay flash floods and alIow 
farmers to safely harvest their boro crop. More areas would be brought under HYV boro crop 
and more fallow lands would go under cultivation. Irrigation facilities may improve, but the 
continued fear of flooding may stop farmers from irrigating aus and aman crops. 

Damage to homestead production would be reduced to some extent, but unless drainage systems 
are improved, flood water would continue to stand in homes and homesteads for long periods. 
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Without improved drainage the risk of water-borne diseases and disease vectors would increase. 

b. Mitigation 

To offset negative impacts farmers should be encouraged to use organic manures and less 
harmful pesticides. Biological controls should be encouraged. Agricultural recovery programs 
should be strengthened by supplying seeds, seedlings, credit and other critical services. 

Malaria control programs should be strengthened and health care facilities improved to ensure 
safe drinking water and adequate medicine. 

Accurately forecasting serious flooding with an Early Warning System (EWS) may allow people 
time to protect household assets and to safely stock food, water and animal fodder. People 
within the project area, and those downstream, should be educated on flood proofing and flood 
preparedness. 

People should be educated to more effective uses of co~nmon property resources, especially those 
near flood plains and roadsides. 

7.5.2 Livelihood and Subsistellce 

7.5.2.1 Future Without Project 

Without project intervention flash floods would continue to be exacerbated by natural or 
manmade breaching and dyke overtopping. Homes and homesteads would continue to be 
damaged, and personal and household assets lost. Seasonal and flash floods would continue to 
damage major crops annually and the blocked drainage system would further waterlog the 
situation. The drainage system would become inore blocked and silted, waterlogging more land 
and making it unsuitable for cultivation. Existing dykes would offer little protection against 
erosion. If allowed to continue, erosion would devastate riverside households and erode national 
territory. 

Without project intervention, many households would suffer repeated damage to crops, livestock 
and homestead production. Their loss of income and assets would progressively deteriorate their 
quality of life. Such deterioration would accelerate the trend toward landlessness, poverty, 
inequality and unemployment. 

7.5.2.2 Full Flood Protection 

a. Impacts 

Full flood protection impacts would be similar to those presented in section 7.5.1.2. In addition 
there would be fisheries-related impacts. Total fish nurrtbers and productivity would diminish 
which would negatively impact household fish consumption and nutrition. In addition, 
professional fishermen may abandon fishing to seek other occupations, press'uring the already 
tight employment situation. Many fish-inhabited haors, baors and flooded beels would be 
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converted to agricultural fields. This would reduce fish habitat, and hinder fish migration and 
' fishing activities. 

b. Mitigation 

The mitigation strategies for full flood protection would be similar to those presented in section 
7.5.1.2 @). Additional mitigation measures related to fisheries would,include controlled water 
passages for fish migration and protection of fish habitat, changes in the existing jalmahal and 
fishing leasing systems, stopping of unregulated and indiscriminate fishing and the use of current 
nets, and the establishment of reserve fishery areas and fish hatcheries in every Union. 

Fish culture production should be increased, particularly by supplying fingerlings and improving 
carp stocking programs. Local people should be involved in re-excavating abandoned ponds and 
tanks. The re-excavated ponds, tanks and burrow pits should go to landless groups. 

a. Impacts 

Impacts from submersible embankments on the livelihood and subsistence pattern of people, and 
the possible adverse health risks associated with it, are similar to those discussed in 7.5.1.2. 
Additional concerns related to water quality and fish supplies. Sub~nersible embankments would 
have less adverse impact than full flood protection on fish stock recruitment. But without an 
improved drainage system, submersible e~nbankments.would prevent fish migrating from beels 
to rivers and vice versa. On the other hand, if canal outlets are opened and the drainage system 
is improved, fish migration would be easier and fish numbers would increase. An effective 
drainage system also would improve surface water quality and protect homestead production 
from flood damage. 

b. Mitigation 

Mitigation strategies for submersible embankments would be similar to those presented in 
7.5.2.2. @). 

7.5.3 Gender Relations 

7.5.3.1 Future Without Project 

Without project intervention flash floods, water logging and erosion would continue to devastate 
households in the study area. Existing embankments would offer little protection against erosion 
and water would continue standing for long periods in homes and homesteads. Repeated damage. 
to homes and loss of land and assets wo~lld continue. 

The loss of household assets such as home gardens, livestock and poultry would undermine the 
primary opportunity for expanding the role of women in generating income and securing food. 
In addition, limited opportunities for women to generate non-farm income from mat making 
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would be further reduced if the grasses used as raw materials continue to be destroyed and 
become more scarce in the market. 

The loss of womens personal assets such as jewellery and valuables would increase with flood 
indebtedness. Such overall deterioration of the econolnic situation may adversely affect women's 
sociocultural position and reduce the liberalizing trend towards greater female education. 

Women are the primary caretakers of the home, and of the health of their families. With 
worsening poverty and increased landlessness, wolnen would face even greater stress. As 
flooding continues, loss of life and ill health caused by flood related diseases and nutritional 
deficiencies would increase. During severe flooding drinking water would be contaminated, 
posing serious health risks. Storing safe water, food and animal fodder for prolonged periods 
of time would continue to be a problem for poor women. 

Further plunges into poverty may weaken the bonds of marriage obligations, leading to a higher 
rate of divorce and abandonment. 

7.5.3.2 Full Flood P~~otectioo 

a. Impacts 

The econonlic developn~ent acconlpanying flood protection may strengthen the trend towards 
educating daughters. This, in turn, may benefit future levels of education and awareness. The 
growth in income and eniployment that would increase agricultural production might benefit 
dependent wolnen. But given the extreme concentration of land ownership and distribution of 
wealth, improved co~lsunlption and quality of life for land-poor and landless women [night be 
marginal. 

Flood protection would give wolilen more opportunity to home garden and raise poultry and 
livestock. but the fu l l  realization of this potential would depend on credit delivery, input and 
ex tension services. 

Greater purchasing power may offer wonlen opportunities for generating nonagricultural income. 
Given the current limited participation of wolnen in the agricultural labor market, there would 
not be much increase in paid employment for women. Increased agricultural production would 
lead to increased crop processing, but  this gap mainly would be filled by commercial rice mills. 

Women are responsible for household food consumption, and fish are a major source of protein. 
With flood protection the major impact on household food consun~ption would be less fish. 

Women would have better access to niedical and family planning facilities. Unless drainage is 
considerably improved, however, drainage congestion due to heavy rainfall, high river water 
levels, and continue siltation is likely to continue and improvements in wolnen and children's 
access to facilities may be limited. 

Even with full flood protection, extreme Goding events could occur, creating embankment . 
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overspills and breaching. Such events would seriously dainage homes and homestead 
production. 

Households would be displaced by construction of embankments. Set-back requirements would 
cause considerable stress to families, particularly for women and children. 

Areas outside the project area, but inside the impact area, such as those on the northern side of 
the Surma River, already face severe flood dainage from the outfall of the Lubha River. This 
situation would be further aggravated by a high embankment on the southern side. Areas 
downstream also may be severely flooded due to the confinement effect. 

2. Mitigation 

To protect against extreme flooding events, drinking pumps and latrines should be installed on 
high ground. The ground around existing public buildings, such as schools, should be raised. 
Poor women could be e~nployed to raise ground levels. 

Public awareness programs should be developed to alert people of extreme flooding events. 

Households who lose homestead and agricultural land as a result of full flood protection should 
be fully compensated. In addition, social and economic rehabilitation should be provided for 
those whose land was acquired, eroded, or were resettled due to their location within the set- 
back distance. 

Communities on the Norther side of the Surma River need embankment protection from the 
Lubha outfall. If not provided, flood she1 ters, flood proofing and disaster preparedness 
education should be provided for people living in the two unions of ~ana i r~ha - t  Upazila and in 
vulnerable areas downstream. 

Provision of disaster preparedness and health education, and improvement of emergency. 
Medical services would enhance womens ability to manage extreme flooding events. 

7.5.3.3 Submersible Enlballklnents 

a. Impacts 

If submersible embankments are provided, dependent women would gain limited benefits from 
the small income and employment increases expected from improved boro crop production. 
There would be reduced flash flood damage to home gardens, poultry and livestock. 

If serious flooding was more accurately predicted, and adequate flood warnings given, there 
would be more time for women to protect household assets, livestock and poultry. They also 
could better prepare by stocking water, and storing food and animal fodder. 

Unless drainage congestion is considerably improved, the problem of standing flood water would 
remain. Women would continue to suffer stress due to inadequate temporary living conditions. 
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b. Mitigation 

To protect against severe flooding, drinking pumps and latrines should be installed on high 
ground. The ground around existing public buildings, such as schools, should be raised in  use 
as flood shelters. Poor women could be employed to raise ground levels. Properly maintaining 
the embankment, and improving the drainage system, would reduce damage to homes and loss 
of women's persona assets and resources. Poor women could be trained to strengthen, maintain 
and inspect existing dykes. Such a system would reduce flood frequency and severity, and 
become the basis of an early warning system. 

The following measures \lould enhance women's ability to manage flooding situations and to 
contribute to household income and food security: 

Provide low cost drinking pumps. 
Provide extensive disaster preparedness education. 
Expand and improve primary health and family planning education and facilities, 
particularly i n  the areas of Maternal Child Health (MCH), safe childbirth and 
immunization. 
Employ poor women in planting and caring for roadside trees. Women should benefit 
from tree products after employlnent contracts expire. 
Develop extension services for woinen ci~ltivating winter vegetables. 
Provide wide-scale credit delivery for poultry rearing and other appropriate income 
generating activities. 
Train women to provide low cost inputs and services, such as poultry vaccination, and 
flood-proof nurseries for vegetable seedlings and tree saplings, for other women. 

7.5.4 Land Ownership, Te~ia~icy and Credit Relations 

7.5.4.1 Future Without Project 

Without project intervention, flash flooding would continue to damage crops and other assets, 
severely reducing the primary source of income for poor and landless households. In turn, 
marginal and small farmers would be forced to sell their land, probably at less than value prices, 
to feed their families. This trend would further concentrate land and income into the hands of 
large land owners. 

As more land is acquired by the already large land owners, the tenancy system would increase. 
And, as the population increases pressure on the limited amount of land, little land would be 
available for sharecropping or cash rental. The lack of employment opportunities outside 
agriculture also would increase coinpetition for sharecropped or rented land among landless and 
land-poor households. Such shortages gives more advantage to large land owners who would 
probably stiffen the terms and conditions of tenancy, doininate the land and tenancy market, and 
gain more power locally. 

The patron turned client turned dependent relationship would persist and possibly turn into other 
dominate or dependent commercialized relationships. This would increase the marginalization 
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and polarization process as well as the deteriorating equity situation.   on-institutional sources 
of credit would continue to dominate the rural credit market. Loan interest rates may increase. 
Farmers may advance sale more crops to meet their present needs. Existing kinship and 
friendship bonds may decline. 

7.5.4.2 Full Flood Protection 

a. Impacts 

Full flood protection would open more land for cultivation. Drainage congestion from blocked 
channels would improve, raising cropping intensity, crop production, and use of HYV inputs. 
The benefits of increased production, however, may not be shared equally by all households as 
land and other assets distribution are highly uneven. 

With full flood protection, the existing tenancy market would expand and the demand for 
sharecropping would increase. However, given the growing imbalance between land and 
population pressure, there is not enough land for all possible tenants. This imbalance enables 
large landowners to dictate, in their favor, the tenant terms and conditions. In a situation where 
all tenancy contracts are verbal and insecure, it is most likely that tenant farmers would work 
the land under more iniquitous terms and conditions. With increased cost of HYV inputs, land 
owners may contribute to production costs in proportion to the outputs they receive. 

The traditional bargain system would give way to various forms of annual cash leases and long- 
term usufructuary mortgage arrangements. Land transactions, such as land sales, mortgages and 
rentals, would be governed more by personal econolnic and political significance rather than by 
kinship factors. , 

With full  flood protection, land prices would increase, allowing some economic benefit to small 
and marginal farmers who r~iust sell or mortgage land under stringent situations. However, the 
small and marginal farmers liiay sell less because crop and asset damage would be reduced. 

Non-institutional sources of credit with usurious interest rates would continue to dominate the 
credit and money lending markets. Not only would this enhance transfer of resources from 
poorer to richer households but also exacerbate the process of landlessness. 

Without significant changes in  the land tenure system, the tenancy and 'credit markets would 
operate in a way that only helps perpetuate the existing agrarian structure. 

b. Mitigation 

Mitigation strategies would be similar to those presented above. Additional mitigation measures 
would include strict enforcement of tenancy regulations by local participatory institutions, 
especially regarding sharecropping and cost-sharing practices. Government and reputable NGOs 
should become more involved in poverty alleviation progralns and in establishing microindustrial 
enterprises to expand non-agricultural employment opportunities. The credit delivery system 
should be improved and more effective cooperatives for women and the landless should be 
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formed. Distributing khas lands among landless households and development around clustered 
villages should be strengthened. New enforceable property rights to rehabilitate socially 
disadvantaged and ecologically displaced people should be developed. 

7.5.4.3 Submersible Embanlc~nents 

a. Impacts 

Submersible embankments would have little impact on the existing land tenure system or its 
distribution pattern. There also would be little change in tenancy and credit relations. If 
submersible embankments do not add to drainage problems, they would protect lowlands from 
frequent flooding, increasing boro crop production. All farmers would benefit some, but large 
and medium farmers would benefit most. Land prices for both medium and lowlands would 
increase. Other impacts would be similar to the impacts of submersible embankments on 
communities and populations. 

b. Mitigation 

Mitigation measures would be similar to those presented above. 

7.5.5 Distribution of Wealth arid Equity 

7.5.5.1 Future Witliout Project 

The implications of this option on the distribution of wealth and equity is similar to that 
discussed in 7.5.4.3. 

7.5.5.2 Full Flood Protection 

a. Impacts 

Full flood protection would increase crop production and cropping intensity in the project area. 
But, given the skewed land ownership distribution (see section 5.5.4), i t  is unlikely that 
increased production from the use of HYV inputs would equally benefit all household categories. 
Studies based on farm level data (Hoque 1987, Hossain 1977 and Rahman 1979) indicate that 
the initial resource position of a cultivating household is an important factor in who adopts 
HYVs and, therefore, in  who benefits. Large land owners who already stand to benefit 
disproportionately also would be able to more diversify their income from non-agricultural 
sources, thereby increasing their wealth and income. The Gini ratio and Lorenz curve data (see 
Figure.5.22) shows that incremental increases would neither markedly reduce inequality nor 
hinder the concentration 0,f wealth. 

Other distribution impacts are siniilar to those discussed in section 7.5.4.1 
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b. Mitigation 

Mitigation strategies for this option would be similar to those presented in 7.5.4.1. 

7.5.5.3 Submersible Embankments 

a. Impacts 

As with full-flood protection embankments, large and medium farmers would continue to benefit 
disproportionately because productive resources are concentrated in the hands of the wealthy. 
Landless and small farmers would benefit some from increased production and employment 
opportunities in the winter season. The overall equity situation, however, would not improve 
unless major' changes in  the agrarian production structure and the creation of employment 
opportunities outside agriculture are made. Other impacts of this option are si riiilar to impacts 
described in 7.5.4.3. 

b. Mitigation 

Mitigation measures would be similar to those described above. 

7.5.6 Education and Awareness 

7.5.6.1 Future Without Project 

Without intervention, embankment overspill and manmade breaching would continue with flash 
flooding. Flood water would continue to stand for long periods due to drainage congestion. The 
blockage and siltation of the drainage system would progressively worsen. These damages 
would promote more poverty and landlessness, increasing the i~iiportance of child labor for 
family survival. Poor families would not be able to clothe their children or send them to school 
regularly. It would continue to be difficult for children to reach school during the rainy season. 

7.5.6.2 Full Flood PI-otection 

a. Impacts 

The fact that full flood protection would either reduce or prevent'flooding would allow more 
children to attend school during the rainy season. Major flooding events would seriously disrupt 
children's education. With a rise in income and subsistence levels, the trend toward educating 
girls may increase. The need for boys to contribute econoniically from non-farm jobs also may 
be reduced. 

Small and marginal farmers use family labor to meet additional labor requirements and rarely 
hire outsiders except during peak periods (BARD 1988). If agricultural growth generates only 
minor increases i n  income for these households, then ,there may be an unwanted outcome, i.e. 
an increase in  child labor, particularly boys. 
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Construction of embankments and set-back requirements may cause considerable stress for 
displaced households, particularly for children. 

Communities outside the project area but inside the impact area, such as those downstream or 
on the Northern side of the Surma River, would be subject to even niore severe flooding. The 
education of children in those communities would be seriously disrupted. Similarly, children 
in communities also may be adversely affected. 

b. Mitigation 

Existing schools should be repaired and new ones constructed on raised ground for use as flood 
shelters during extreme flooding events. Public awareness .programs should be developed to 
alert people of extreme flooding events. Households that lose homestead and agricultural land 
as a result of full flood protection should be fully compensated immediately. Households whose 
land was acquired or eroded, and those who are resettled because they live within the set-back 
distance, should be socially and economically rehabilitated. 

Communities on the northern side of the Surma River would benefit from Lubha outfall flood 
protection provisions. At minimum, flood proofing and disaster preparedness education should 
be provided in the two unions of Kanaighat Upazila, and wherever necessary downstream. 

a. Impacts 

Submersible embankments would improve access to schools only during the delayed flooding 
period. Severe flooding would continue to disrupt children's education. Poverty would continue 
to be a reason for families not sending children to school. 

b. Mitigation 

Proper maintenance of embankments, improvement of the drainage system, and construction of 
culverts on local roads would improve access to schools. 

7.5.7 Health and Sanitation 

7.5.7.1 Future Without Project 

Without intervention, embankment overspill, and natural and nianmade breaching would continue 
with flash flooding. Much land would become water logged and unusable through progressive 
siltation of drainage channels. Stagnant and standing water in homes and homesteads would 
increase the chance of disease. Surface water quality would continue to degrade due to 
microbiological contamination. 

Although there is a move to provide safe water for more households, progress is slow. The 
annual allocation of drinking pumps to upazilas is small. For example, last year in Kanairghat 
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Upazila the allocation of hand tubewells was only four per union. Many families would continue 
to use surface water for domestic purposes, at least in the near future. This use would increase 
water-borne diseases, especially during the monsoon and post-monsoon seasons. 

Water quality would worsen i f  industrial pollution from the Barak River to the Surma and 
Kushiyara affects other surface water. This may have serious implications for households 
drinking pond water. The major source of chemical pollution is a paper and pulp mill i n  
Badarpur, India, eight miles upstream from Amalshid. During severe flooding, polluted water 
carried by the rivers may contaminate hand tubewells. If flood waters carry chemical pollutants, 
a serious health hazard would result. 

Two varieties of malaria-carrying nlosquitoes are currently found in the project area.' Further 
study is needed to determine whether more water stagnation would increase the breeding capacity 
of these particular malarial vectors. 

7.5.7.2 Full Flood P~.otection 

With full flood protection there would be some overall positive impacts on general health 
conditions. Improved drainage would result in contaminated flood water no longer standing for 
1ong.periods in homes and compounds and would lower health risks associated with unsanitary 
temporary living conditions. 

Reducing river bank erosion would prevent dislocations and the resulting stress and negative 
health impacts of families who might otherwise lose their land and holnes. 

The project area, however, would be contained by a high embankment. Water entering the area 
would be controlled and the normal flushing effect of flooding would be greatly reduced or 
eliminated. As a result, surface water quality would deteriorate and liouseholds without access 
to tubewells would face health hazards. 

. Elimination of or a reduction in flooding may result in  increased cropping intensity with 
increased investment in HYVs. HYV production, however, involves more fertilizers and 
pesticides. The run-off would further contaminate surface water. This agrochemical contami- 
nation may produce serious health hazards for households using surface water for domestic 
purposes. I 

In addition, during major flooding events such as embankment overspill or breaching, hand tube 
well water may be contaminated. Such contamination would pose more health hazards than tube 
well users currently face. Increased use of fertilizers and pesticides also may pollute ground 
water. 

Mosquitos typically increase as flood waters recede and the dry season begins. The flushing 
effect of floods is considered a ~iiajor deterrent to ~nosquito breeding and mosquito-related 
epidemics. Without flushing, the congestion caused by rain water could sharply increase vector 
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carrying capacity. 

Sanitation problems would worsen as open-pit latrines would not receive their annual flushing 
with the floods. This flushing effect of floods on parasitic diseases has not been well studied, 
but without flushing there could be an increase in helminthiasis. 

Constructing full embankments with required set-back distances would displace significant 
numbers of households. Displacement would be exceptionally high in the project area where 
many people live along the rivers. About 46 percent of households i n  the project area are 
estimated to live within one and one-half niiles of the Surma or Kushiyara Rivers. If displaced, 
families would lose ho~nes, homestead agricultural land and crop land. The stress associated 
with such dislocation may have prolonged negative health impacts for those concerned. Pregnant 
women, children and the elderly would be particularly vulnerable. 

Households located downstream and on the Northern side of the Surnia River also may suffer 
similar adverse effects. 

2. Mitig n t '  1011 

If full flood protection is provided, low-cost drinking water pumps should be available for the 
people of the study area. Primary health care should be developed. Health education should 
emphasize how to purify water, how to make oral rehydration solution from readily available 
ingredients, and the importance of immunization and sanitation. In addition, medical and family 
planning facilities should be expanded and improved. 

Drainage re-excavation would improve water quality, reduce breeding sites for mosquitoes and 
the consequent risk of disease transmission. In  addition, malarial control programs should be 
strengthened. Culverts on local roads would improve both water flows and communications, 
resulting in better access to healtli services and facilities. 

The use of organic manures and less harmful pesticides should be encouraged. 

Resettled households should be fully and imlnediately compensated and rehabilitated. 

Communities outside the project area but inside the impact area should receive flood protection 
or flood proofing. 

Protection from extreme flooding events should include flood shelters with safe water and 
latrines, raising ground around existing public buildings, installing tubewells and latrines on 
higher ground, and along roads currently used as flood refuges. 

a. Impacts 

Construction of submersible embankments would delay flooding and protect agricultural crops. 
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If they do not add to drainage problems, sublnersible embankments are not expected to increase 
health risks. More accurate prediction of the onset of delayed floods may allow communities 
time to safeguard health. It may be possible to stock,some food and water. 

Without considerable drainage system improvements, flood water would still stand in homes and 
homesteads for long periods, and risk of in injection by water-borne diseases would remain. If 
water does not drain as the floods recede, mosquitoes would multiply and an increase in the 
incidence of malaria may result. 

Proper maintenance of the embankment and drainage improvement would reduce the risk of 
water borne and vector disease. Construction of new or adaption of existing buildings for use 
as sanitary flood shelters, and installation of tubewells and latrines on higher ground or along 
roads currently used as flood refuges would be of major benefit during severe flooding. Prinlary 
health education and i~nprovement of emergency medical services would enhance people's ability 
to manage flooding situations. 

7.5.8 Food and Nut rit ioo 

7.5.8.1 Future Without Project 

There is no population growl11 rate figure available for the case study area. However, given the 
relatively large family size and negligible use of family planning (See Section 5.5.3), the 
population growtll rate is probably the same or higher than tlie natiolial annual growth rate of 
2.6 percent. As elsewhere in Bangladesh, this indicates a growing i ~~ibalance between land and 
population. Witllout intervention, the repeated flash flooding would continue to damage crops, 
property and assets, further exacerbating the trend toward increasing landlessness, 
unemployment, poverty and malnutrition. 

I f  the population continues to grow at the current rate, i t  would double in  about 30 years. 
Marginal to medium farmers would continue to sell land to feed their families. Even occasional 
bumper crops would not cotlipensate farmers for tlie continual flood losses sustained. This 
process would increase the concentration of land and inconle i n  the Ilands of large landowners, 
who would continue to diversify their income from non-agricultural sources. The number of 
landless would grow both in absolute and relative terms. Loss of land, however, would not be 
matched by employment opportunities. Capture fisheries would continue to decline due to 
population pressure, blocked fish migration and the practices environtnentally darnaging of water 
body leaseholders. Poverty would increase. The landless and land poor, the majority of the 
population, would suffer from nutritional deficiencies. Women and girl children, who tend to 
suffer disproportionately at times of crisis, may be more affected. 
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7.5.8.2 Full Flood Protectioli 

a. Impacts 

Because of the inequalities in  distribution and consumption, particularly during lean periods, i t  
is difficult to assess overall nutritional impacts with respect to rice production increases that 
would occur with full flood protection. Critical improvements in  rice consumption require 
increase in purchasing power of rice deficient s~nall farmers and landless laborers, who form the 
majority of the population. 

Surplus farmers who own three to four hectares stand to benefit disproportionately from crop 
increases andlor reduced crop damage losses. The Lorenz curve data shows that incremental 
increases in  production would not necessary generate marked improvements in  food 
consumption. Moreover, the common food consumption pattern of poor people in  the study area 
is heavily carbohydrate dependent. There is limited intake of nutritious foods such as leafy 
vegetables. Even with i~nprovements in  income, diet may remain unchanged. Full flood 
protection would improve homestead production of vegetables, fruit, poultry and livestock. Poor 
households, however, may sell their products to buy rice rather than consuming them. 

Major flooding events would seriously damage homes and homestead production. In addition, 
households outside the project area, but inside the impact area, may be seriously affected by 
major floods. 

The most important nutritional impact would be reduced fish consumption. Fishing would 
decline because of fu l l  embankments would block fish migration and reduce fish stocks. 
Increases in  agricultural e~iiploy~nent must be compared with losses in  fishing activities. 
Although the impact would be felt by all, the poor would suffer the most. 

b. Mitig a t' 1011 

Disaster preparedness education and flood proofing should be available in the two unions of 
Kanairghat Upazila and wherever necessary downstream. Also com~nunities in the project area 
should be advised to be alert for extreme flooding events. 

Measures to facilitate fish migration should be ilnple~nented (Sections 7.4.1. and 7.5.2.). 

Privately owned fish ponds cannot replace the loss of capture fisheries to the poor. Derelict 
ponds and tanks, however, could be re-excavated for fish culture, and together with borrow pits, 
be designated for landless groups. 

Training, credit delivery, time1 y input supplies and ex tension services should be available to 
landless groups for fish pond managelllent. 

Opening canals and improving drainage would improve recruitment of fish stock into the area 
and improve water quality. Improved water quality would enrich the food chain and raise 
oxygen levels. This, i n  turn, is expected to improve fish growth rates and support higher 

I 
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numbers. 

Constructing culverts on local roads re-excavation would improve homestead production and 
allow water logged land to be cultivated. This would improve both water flow and 
communications, resulting in better access to local markets. 

Proper drainage would allow currently waterlogged land to be cultivated. 1 

The following measures would help local people better manage flooding situations, and improve 
food production and nutrition: 

Food grains and seeds should be properly stored and nursery beds flood proofed. 
Primary health care education should be expanded, emphasizing the importance of 
balanced nutrition. 
Agricultural should be extended to include pulses and winter vegetables. 
Winter vegetable and poultry rearing should be developed, especially for women from 
poor households. 
Marketing channels and transportation for agricultural and homestead products should be 
developed. 
Inputs and services for homestead production, such as seeds, seedlings, saplings, credit, 
poultry vaccination and veterinary services should be available, especially to the poor. 

a. Impacts 

Submersible embankments would be beneficial to boro crop production and would have less 
adverse impacts 011 tlie recruit~iient of fish stocks than full flood protection. 

Submersible embankments, however, may change the catch co~liposition (Hunting Technical 
Services 1991a). Although sub~nersible embankments only te~nporarily block fish migration, i t  
occurs at a critical stage in tlie spawning cycle of certain species, particularly major carps. 

Increased crop production resulting from irrigation would not necessarily improve nutrition. 
Given the monocrop system of rice production in the area, crop diversity is unlikely to increase 
and may even decrease. Farmers may plant more rice, but less vegetable, pulses and oilseeds. 
Further reduction in crop diversity would have negative effects on nutrition. 

A n  improved nutritional status of landless and land poor would occur o~ily with a substantial 
increase in labor demand, income and purchasing power. Such changes are necessary to give 
poor housetiolds the resources to buy ni~tritious food. 

b. Mitigation 

Proper maintenance of embankments and drainage iinprovement would reduce damage to 
homestead production and allow waterlogged land to be cultivated. Coiistruction of culverts on 
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local roads would improve both water flows and com~nunications recently i n  better access to 
local markets. Local arrangements for storage of food grains, seeds and flood proofing of 
nursery beads would enhance the ability of people to manage severe flooding situations. Local 
people would benefit from health education emphasizing the importance of balanced nutrition. 

7.5.9 Hazards 

Hazard risk impact assessment involves analysis of the vulnerability of physical, social and 
economic elements to direct or indirect damage or loss, both tangible and intangible, by one or 
more identified hazards. Systematic and adequate time series data on damage or loss by types 
of hazards are not officially available. During the field study, various local people and officials 
of the relevant departments were interviewed and maps were studied to get an indication of the 
hazard risks and the extent of damage. The following statements describes impacts most likely 
to happen under the variois development options. 

7.5.9.1 Future Wit liout Project 

The present trend of increasing frequency of flash and seasonal floods is expected to continue. 
The overall associated risks to human life will increase as population density increases, but the 
relative risks to crops and other resources will remain about the same. 

Bank erosion will continue at the same rate with more erosion along the Kushiyara than along 
the Surma. Existing poor-quality dikes will continue to be breached at the time of flash floods. 
Sedimentation in the internal canals will continue, creating proble~ns with drainage congestion. 
Water stagnation will probably increase at tlie outlet of the project area particularly in  the Sada 
Khal area. 

Water quality will be further degraded because of pollutants carried by the Barak and water 
stagnation within the project area. This will increase tlie health hazards as well as degrading 
aquatic habitats. 

The frequency and occurrelice of natural hazards such as earthquakes, cyclone, and hailstorms 
are not expected to change measurably in  the foreseeable future. 

7.5.9.2 Full Flood PI-otection 

a. Impacts 

There should be a reduction i n  the risks of annual crop and infrastructural damage due to' flash 
floods, and seasonal flood damage will be reduced within tlie project area. The risks of damage 
to unprotected areas outside the project area will be increased. Bank erosion may be increased 
due to confinement effects along the river which will increase the volume and velocity of the 
discharge. 

The potential risk of embauklnent breaching will be increased in  extreme events. Historical 
trends show that earthquakes generally occur in the peak monsoon period, which would increase 



Surma-Kushiyara EIA Case Study - June 1992 

the risks associated with embankment failures. The river bed may be raised over time by 
sedimentation which will increase flooding intensity in  the unprotected area. 

Deterioration of water quality within the project area from sources outside tlie project area such 
as the Borak River will be reduced, however the reduction in widespread seasonal flushing will 
lead to local deterioration in water quality with associated risks to health. 

b. Mitigation 

Risks associated with embankment breaching and failures can be reduced by sound construction 
methods and increased people's participation in project development and maintenance. Design 
of embankments should consider seismic factors. 

a. Impacts 

Submersible embankments would substantially reduce tlie risks of damage to crops and housing 
from flash floods, and would reduce those cause by seasonal floods. Bank erosion in the 
mainstem rivers would be increased due to the confinement effect. Water quality would be 
affected slightly, but there would be tlie possibility of water stagnation and siltation. Climatic 
and geophysical hazards would be unaffected. 

b. Mitigation 

Proper bank protection measures would reduce bank erosion as well as embankment breaching. 
Desiltation and maintenance of the drainage network would reduce tlie risk of water stagnation 
and would improve water quality. 

Table 7.7 presents a summary assessment of the biophysical and social impacts in  accordance 
with the principles and formats outlined in  the Guidelines for Project assessment (FPCO 1992), 
the Environmental Impact assesstiient Guidelines (ISPAN 1992) and the EIA Manual Volume 
1 (ISPAN 1992). 

Full flood protection embankments would be expected to have major positive impacts in terms 
of protection from tlie damaging effects of both flash and seasonal flooding. They would be 
markedly beneficial in term of increased agricultural production, production diversity and 
reduced crop damage. Tree and shrub cover in liotnestead forests and any remaining natural 
woodland patches would benefit from reduced flooding damage. Assuming efficient operation 
and maintenance of the embankments and avoidance of accidental and deliberate breaches, social 
impacts would be positive in  terms of reduced household flooding, improved economic 
conditions and improved quality of life for some, but not all, segments of the population. 

The major negative impacts of full  flood protection embankments would relate to the drainage 
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Tablc 7.1. Asscssmcnt- of Environrncntal Impacts for Altcrnativc Dcvelopmcnts of the Surma-Kushiyara Project. 

Rcsource Group 

Important Environmental Option 2 - Full Flood Option 3 - Subm. 

Componcnt Protection Embankments 

Wlo Miti- With Miti- Wlo Miti- . With Miti- 

gation gation gation gation 

Aquatic Resources 

Wctlands Pcrmancnt wctland surface area 

Seasonal wetland surface area 

Bcnthiclplnnkton diversitylabundrncc 

Macrophyte diversity and abundance 

Critical habitat for cndangcrcd spl). 

Culturc Fishcries 

Wildlife 

Land Resources 

Agricullure 

Major carp abundnncclproductio~~ 

Minor spp. abundancelproduction 

Fish spccies diversity 

Fish disease incidence 

Fish production 

Wctland habitat diversity 

Wctland spccics diversity 

Dry scason soil moisturc 

Land type ratio 

Soil fcrlility 

Soil drainage 

Cropping pallcrns 

Cropping intensity 

Cropping yiclds 
I 
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Table 7.1. Continued. 

Resource Group Impomnt Environmental Option 2 - Full Flood Option 3 - Subm. 

Component Protection Embankments 

W/o Miti- Will1 Miti- W/o Miti- With Miti- 

gation gation gation gation 

Land Resources (continued) 

Agriculture (continued) Crop damage 

Crop diversity 

Livestock abundance and diversity 
I 

Fced and fodder quantity and quality 

Vegetation Rcsources 

Wildlife 

I l u ~ n a n  Resources 

Household Damagc 

Natural vegetation 

Homestcad veg. abundance 

Sl)ecies diversity 

Fuclwood abundance 

Tcrrcstrial habilat abundance 

Tcrrcstrial habitat diversity 

Wildlife sl)ccics divcrsity/abundance 

Commcrcially valuable wildlife 

Wildlife pests 

Damage insidc cmbankcd area 

Damagc outsidc embanked area 

Flood hazards 

Local einploymcnt - agricul~urc 

Local eml)loy~ncnt - Iishcrics 

Tolal income generation 
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Tablc 7.1. Continued. ~ 

Health & sanitation Drinking water quality 

Waterborne disease incidcnce 

Rcsourcc Group Important Environmental Option 2 - Full Flood Option 3 - Subm. 

Component Protection Embankmcnts 

W/o Miti- With Miti- Wlo Miti- With Miti- 

gation gation gation gation 

llu~nan Resources (continued) 

Quality o f  lifc 

Nutrition Nutritional quantity 

Nutritional quality 

Quality o f  life 

Wcaltli 

Equity 

' + I  :sliglitly bencLcial + 2  :somewhat bcnefieial + 3  :beneficial + 4  :vcry bencficial + 5  : I~ ig l~ ly  bcnclicial 

-I :slightly ncgative -2 :somewhat negative -3 :negative -4 :vcry ncgativc -5 :highly ncgativc and irrcvcrsiblc 

congestion and additional erosion hazards created, extensive irreversible loss of natural 
permanent and seasonal wetlands, loss of wetland habitat quantity, quality and diversity, loss of 
fish and wetland wildlife habitats and fish and wildlife populations. These negative impacts 
could be mitigated to some extent by effective developlnent of regulators and desilting and 
maintenance of drainage canals. In addition the beneficial effects of seasonal flooding in terms 
of water quality and sanitation would be lost. Most of these impacts would be amenable to 
mitigation, but complete avoidance of losses is unlikely. Effective placement and use of 
regulators to permit inflow and recharging of wetlands, and efficient desilting of canals to permit 
good drainage would be the primary mitigation measure to be employed. It should be noted that 
in order to effect the levels of mitigation required the quality of regulator and canal management 
would have to be high, arid such efficiency has rarely been documented for any FCD/I scheme 
in Bangladesh. 

0 

0 

Sublnersible embankments of the appropriate design would have considerably fewer positive as 
well as positive as well as negative impacts than full flood protection embankments. The major 
negative impacts would be those related to floodplain fisheries and the impedance of free 
movement of fish migrants and juveniles between the floodplains and the rivers. These i ~npacts 

0 

0 

+ 2  

-2 

+ 3  

- 2  
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could be overcome to some extent by the efficient placement and operation of regulators and 
management of canals to permit good drainage and access for migrant fisli. Submersible 
embankments would create more favorable conditions for agriculture in the area, i.e. less crop 
damage from flash floods, but overall benefits would probably not be as high as with full flood 
protection. 

Although there are as yet no standards for evaluating negative environmental resource inipacts 
in Bangladesh, the assessment given above suggests that the full flood protection option miglit 
produce impacts of unacceptably high levels for several important groups of resources, i.e. 

a. Floodplaitl Jislteries would be substantially reduced through obstruction of access and 
reduction in substantial quantities and quality of wetland habitats. The resultant loss of an 
important nutritional resource would be significant for the poorer classes. Present methods 
of replacement of these losses is through culture fisheries where the benefits do not accrue 
to those groups suffering the highest losses. 

b. Wildlfe resources would be heavily impacted through loss of wetland habitats and conversion 
of other habitats into croplands once the threats of flooding damage were diminished. 
Associated with this loss of habitat would be a loss in biological diversity tlirougli reduction 
in numbers of plant, wildlife and li~nnetic species. At least four species presently listed as 
endangered' and nine species listed as threatened2 would be imperilled through habitat loss. 
Loss of wetland and wildlife habitats is not amenable to mitigation nor to compensatory 
replacement. 

7.7 Residual I~iipacts 

Assuming an efficiency of mitigation measures approxi~nately similar to that displayed by other 
recent and ongoing FCDII projects in Bangladesh, there are likely to be a nuniber of significant 
residual impacts resulting from both developme~~tal options. 

7.7.1 Full Flood PI-otection 

a. Assured protection froni flooding inside the embankment will require construction and 
maintenance of a high order as well as effective participation between various groups within 
the project area to avoid deliberate cutting and breaching. Sucli protection has not occurred 
in tlie past and tliere is little reason to expect i t  to occur i n  the future, hence tliere is a high 
probability of occasional breaches acconlpanied by destructive sudden flooding. 

b. Drainage congestion inside the embankments is likely to be a recurring and constant problem 
due to heavy rainfall, high river water levels relative to tlie floodplain behind tlie 
embankment, continual siltation of drainage klials, inter-group conflicts over tlie operation 
of regulators and lack of regulator maintenance. The consequent amount of damage to late 
season boro crops will depend 011 the relative a~nount of congestion caused by these various 

I Fishing cats, opcnbill storks, brown fish owl and greater wliistling tcsl 

Vullurc, dsrtcr, grcy hcron, rcdncckcd grcbc, little grcbc, grcy-licadcd fisliilig caglc, moliilor lizard, ycllow 
monitor li7~rd and bull frog 

7-69 
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c. Deterioration of surface water quality is expected to occur, due to the absence of regular 
flushing from floods. Extension programs are not expected to have a mitigating effect on 
poor water quality similar to that achieved by widespread annual flushing. 

d. There is little that project development can do to overcome ongoing loss of productive 
cropland from continual population pressure. This would require population growth 
limitation programs at the highest national level. 

e. Substantial reduction in the quantity and quality of wetland habitats from absence of seasonal 
flooding will unlikely be mitigated by allowing water inflows through constrictive regulators 
since the latter are not expected to fuilction at full efficiency. The associated reductions in 
populations of wetland dependant wildlife are expected to be significant, leading to equally 
significant declines in biological diversity. 

f. For the same reasons as 7.7.1 .(e) above, substantial reductions in floodplain fisheries are to 
expected. Fisheries management programs in other parts of the country have to date still to 
demonstrate the capacity for replenishing floodplain fisheries through the use of controlled 
water inflows, artificial stocking and fishing management. 

g. Even with fill1 i~nplementation of the mitigation suggested above, i t  is highly likely that 
residual social impacts will occur and will be Inore severe in the lower-income, landless and 
women's groups. These impacts are likely to encompass declines in income, health and 
nutritional levels. 

7.7.2 Submersible Embanltnients 

a. A risk of sudden unexpected flash floods is likely to remain, as noted under 7.6. ](a) above. 
b. As noted under 7.7.1(b) above, drainage congestion behind embankments is expected to be 

an ongoing residual impact. 
c. Some declines in natural fish production are to expected, even with mitigation, since full 

access for migrating fish between floodplains and the Surnla and Kusliiyara rivers through 
installed regulators is likely to be less than fully effective. The resultant resource losers are 
likely to be concentrated amongst the poorer and landless classes, as noted above. 
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I Chapter 8 

PROPOSED MITIGATION PLAN 

Chapter 7 assessed the impacts expected to occur from two alternative developments for the 
Surma Kushiyara Project, i.e. full-flood protection and submersible embankments. For each 
negative impact indicated it recommended methods of mitigating the same. Chapter 8 outlines 
the initial steps towards formulation of a detailed mitigation plan which will form part of the 
overall environmental management plan to be developed following project review, a decision on 
implementation, and development of detailed engineering design. The detailed environmental 
management plan will eventually be developed and costed for the specific and selected 
developmental option in a separate report. 

8.1 Main Mitigation Measures 

Tables 8.1 and 8.2 summarize the major proposed mitigation measures and the impacts intended 
to be addressed, identify the agency best suited to execute the proposed mitigation, categorize 
the costs of the mitigation relative to the magnitude of the development costs and the assumed 
magnitude of the mitigated impacts, indicate when these measures should be adopted, and 
summarize the expected residual impacts. 

8.2 Irlst itutiorls Involved in Mitigation 

The following institutions have been identified in this initial assessment as being in a key 
position to implement the mitigation provisions of the environmental management plan.. Specific 
schedules and details of the plans will appear in the detailed environmental management plan. 

8.2.1 Bangladesh Water Developrne~lt Board 

a. Design and Construction 
1. Sound embankment design and construction to minimize setback range 
2. Excavation of drainage canals 
3. Design of regulators which 'facilitate fish passage 
4. Placement and construction of regulators as per specification 

b. Maintenance and Inspection 
I. Inspection and maintenance of embankments, drainage calials and regulators 
2. Sustained use of embankments for timber, fuel and fodder production 

c. Operation of Regulators 
1. Use of regulators to permit seasonal niigrations of fish 
2. Use of regulators to permit water inflows to floodplain and beels as and when 

needed. 
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Table 8.1. Summary of Main lmpacts and Mitigation Measurcs Recomrncnded for ' Surma-Kusl~iyara Projcct 

Dcvclopmcnt: Full-Flood Protection 

*' Bangladesh Water Development Board 

** Forest Dcpartmcnt 

*3 Department o l  Hcalth 

*4 Directorate of Public Health and Engineering 

Dcpartmcnt of Agricultural Extcnsion 

Rcsidual Im- 

pacts 

Nonc 

Nonc if rcgula- 

tors work cffcc- 

tivcly, many if 

thcy do not 

Nonc 

Responsible 

Agencics 

BWDB" 

Upazilal- 

Union 

FD 

BWDB 

BWDB, 

DOH-', 

DPHE', 

DAE '~  

DAE, 

BWDB 

Mitigation 

1. Inspection and maintcnancc 

2. Embankment and roadsidc 

trcc plantation and caretaking 

Excavation of khals and installa- 

tion of regulators 

1. Provision of groundwater for 
I 

domcstic purpscs 

2. Health and sanitation pro- 

grams 

3. Extcnsion programs to limit 

unwise usc of pesticides 

4. lntcgrated Pcst Managcmcnt . 

to rcducc usc of pcsticidcs 

1. Usc of organic rnanurcs 

2. Practicc of grccn manuring 

occasionally 

3. Judicious use of fcrtilizcrs 

4. Usc rcgulators to flush arcas 

occasionally 
L 

I 
Impacts 

Sudden embank- 

mcnt failure 

Dninagc congestion 

inside embankments 

due to rainfall 

Dctcriontion of 

surfacc watcr quali- 

1 Y 

Soil quality dcg- 

radation due to 

intensive use and 

possible in cxclu- 

sion of scdimcnt 

.Relative 

Costs 

1. Low 

2. Mod- 

crate 

Modcratc 

Modcratc 

LOW 

Scheduling 

Continuous ancr 

cornplction. 

Part of projcct 

dcvclopmcnt 

opcration and 

maintcnancc 

Part of projcct 

dcvcloprncnt and 

maintcnancc 

Ongoing devcl- 

op~ncntal pro- 

grams 

Following pro- 

jcct dcvclopmcnt 
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*' Department of Livestock Services 

*7 Department of Fisheries 

Rcsidual Im- 

pacts 

Mitigation 

unlikcly to bc 

fully. cffcctivc 

Nonc 

Agricultural 

cropland will 

continuc to bc 

lost fro111 

incrcasc in 

lionicstcad 

nurnbcrs 

Mitigation 

unlikcly to bc 

f ~ ~ l l y  cffcctivc 

and rcsidual 

loss of WCI- 

land habitats 

will likcly 

occur 

Mitigation 

unlikcly to bc 

fully cffcctive 

and rcsidual 

i~npacts to 

fislicrics rc- 

sourccs will 

occur 

Impact 

Loss of crops outsidc 

embankrncnt 

arcas 

Reduction of grazing 

facility duc to incrcascd 

cropping 
intcnsity 

Rcduction in cropland 

area duc to sprcad of 

homestcads into medium 

high and highland 

Responsible 

Agency 

DAE 

DLSa 

DAE 

Mitigation 

Introduction of new sustainable 

cropping pattcrn 

1. lmprovc grazing facility on 

wasteland, roadsidc, embankment 

by growing forage grasscs 

2. Stall fecding 

2. Increased tree crop production 

along embankrncnts and roadways 

--- 
Regulators 

includcd in 

initial 

project 

dcsign, 

otlicr pro- 

grams 

continually 

ongoing 

Ongoing as 

part of 

projcct 

operations 

and flood- 

plain man- 

agcrncnt 

. 

Relative 

Costs 

Low 

Low 

Low 

Reduction in floodplain 

fish and wildlifc habitat 

quantity and quality 

Rcstricled acccss for 

fish stocks to floodplain 

Sclicduling 

Following 

projcct 

dcvclop- 

ment 

Following 

projcct 

dcvclop- 

mcnt 

Following 

projcct 

dcvclop- 

mcnl 

1. Use of regulators to pcrlnit 

inflows to floodplain 

2. Excavation and maintcnancc 

of klials to cnsure inflows 

3. Extension programs to lirnit 

unwisc usc of pcsticidcs 

4. lntcgratcd Pcsl Managcmcnt 

to rcduce use of pcsticidcs 

1. Regulators opcn April-May 

and August-Oclobcr to pcrmit fish 

passage 

2. Design of regulators wliicli 

facilitate fish passagc 

3. Stocking of floodplain habitats 

(including development of ncw 

hatchcry facilities) 

4. Control of fishing cffort to 

rcducc impact on young stocks 

BWDB 

DAE 

BWDB, 

DOP 

Modcratc 

Modcratc 

to High 
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Table 8.1. Continued. 

*' Bangladesh Rural Dcvclopment Board 

Impact 

Rcduction in ani- 

ma1 nutrient inputs 

to floodplain habi- 

tats 

Increased threats to 

rare and endan- 

gcrcd spccics from 

habitat loss 

Loss of biological 

diversity through 

loss of wctland 

habitats 

Displacement of 

- households by 

cmbankmcnt con- 

slruction 

Higher flood risks 

for people within 

sctback range 

Higher flood risks 

pcr people on N.  

side of Surma 

Relative 

Costs 

Moderate 

Modcrate 

to high 

As above 

High 

High 

High 

Mitigation 

1. Use of regulators to permit 

inflows to floodplain 

2. Excavation and maintenance of 

khals to ensure inflows of water 

1. Use of regulators to permit inflows 

to floodplain 

2. Excavation and maintenance of 

khals to ensure inflows to key wetlands 

3. Protection of kcy wetland habilats 

through conservation programs 

Maintenance and restoration of kcy 

habitats as dcscribed above 

I .  Relocation of affected houscholds 

to arcas inside embankments 

2. Compcnsation of displaced house- 

holds 

3. Reduction in rcquircd setback 

rangc through improved embankment 

dcsign and construction 
- 

I.  Relocation of af'fcctcd households 

to arcas inside cmbankmcnts 

2. Flood-prooling measures for ex- 

p s c d  scttlements 

Embankment of Lubha on rainfall and 

N. side of Surma Flood proofing of 2 

Unions of Kanaighat Upazila 

Responsible 

Agency 

BWDB 

BWDB, 

DOF, 

Upazilas 

BWDB, 

DOF, 

Upazilas 

BWDB, 

BRDB*, 

Upazila 

- - 

BWDB. 

BRDB, 

Upazila 

BWDB 

Scheduling 

As above 

As above 

As above 

Prcccding 

projcct 

dcvclop- 

mcnl 

Prcccding 

projcct 

dcvclop- 

mcnt 

Part of 

projcct 

dcvclop- 

rncnt 

Rcsidual Impacts 

As abovc 

As above. Wct- 

land conscrva- 

lion programs 

havc low proba- 

bility of success 

and rcsidual 

impacts will 

likcly be higlr 

As abovc 

Nonc i f  all 

pcoplc can be 

rclocatcd 

None if  all 

pcople can be 

rclocatcd 

Potentially low 

if mitigation 

mcasurcs are 

fully crfcctivc 
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*' Dcpartmcnt o r  Health 

Table 8.1. 

Impact 

High flood risks 

from extremc flood- 

ing events 

Reduced nutritional 

input due to loss or  

floodplain fishcrics 

Tcnancy, land-use 

and equity impacts 

on holdcrs o r  small 

propcrtics and land- 

less groups 

lncrcascs in malaria 

incidcncc 

lncreascd health 

risks due 10 poor 

watcr quality, in- 

creased use o r  agri- 

cultural chemicals, 

rcduccd nutrition, 

etc. 

Downstream hydro- 

logical and associat- 

, ed changes 

Conlinucd. 

Mitigation 

Early warning system via radio and 

public media 

1. Maintenance of sustainable flood- 

plain fishcry through floodwater in- 

flows and stocking programs (see 

abovc) 

2. Rpvision o r  Jalrnahal leasing sys- 

tcrn to ensure morc equitable fish 

availability 

3. Establishment of rescrve fishing 

areas 

4. Dcvclopmenl of culture fishcry 

programs for landlcss groups 

1. lmprovcments in tenancy rcgula- 

lions, property rights and credit deliv- 

cry systcms 

2. Income-gcneration programs 

3. More erfective distribution of 

available khas lands 

Mosquito and vector habitat control 

programs 

1. lrnprovcd hcalth-care racilitics and 

programs 

2. lrnprovcd sanitation, groundwater 

dcveloprncnl and fisheries rehabilita- 

tion programs as described above 

T o  be dctcrrnincd 

Responsible 

Agcncy 

BWDB 

DOF 

Upazila, 

unions 

DOH, 

Upazilas 

DOHq, 

Upazilas 

Rclativc 

Cosls 

Low 

Modcr- 

ate 

Modcr- 

ale 

Modcr- 

alc 

Modcr- 

ate 

Scheduling 

Following 

project com- 

plclion 

During and 

following 

project dcvel- 

opmcnt 

Ongoing 

social dcvcl- 

opmcnt pro- 

grams 

Rcquircrncnts 

dctcrmincd 

by ongoing 

monitoring 

As above 

Rcsidual lrn- 

pacts 

Potcnlially 

vcry high 

Potcntially low 

if mitigation 

measurcs fully 

crfeclivc 

Full efficacy 

unlikcly and 

rcsidual irn- 

pacts on p o r -  

cr  classcs will 

likcly occur 

Potentially low 

Hcallh pro- 

grams likcly to 

be crrcctive. 

fishcry rcstora- 

lion probably 

not. 
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Tablc 8.2. Summary of Main Impacts and Mitigation Measures Rccommcndcd for Surma-Kushiyara Projcct 

Dcvclopmcnl: Submcrsiblc Embankmcnls. 

Impact 

Blockage of 

early season 

flood flows inlo 

floodplain 

Drainage con- 

gcslion bchind 

embankments 

duc to rainfall 

Dclcrioration of 

surface watcr 

quality 

Soil qualily 

dcgradalion in 

lowland and 

mcdium lowland 

Reduction in 

livestock carry- 

ing capacity duc 

to foddcr pro- 

duction 

Rcslriclcd of 

grazing facility 

duc lo Boro 

cullivalcs 

Mitigation 

Construction of regulators 

Excavation and maintenance of 

khals and installation of regulators 

1 .  Extension programs to limil 

unwisc usc of pcsticidcs 

2. lnlcgratcd Pcsl Managcmcnt to 

rcducc use of pcsticidcs 

I .  Usc of chcrnical fcrtilizcr to prc- 

vcnl micro-nutricnt dcficicncy 

2. Changc cropping pattern 

3. Limit irrigation sccpagc losses 

I .  Incorporalion of foddcr crops 

inlo cropping pattcrns 

2 .  Usc of c~nbankmcnts for foddcr 

produclion 
I 

3. Incrcascd use of buffalo 

4. Stall feeding 

I .  Rcgulalors opcn April-May and 

Scplcmbcr-Octobcr lo pcrmil fish 

passagc 

2. Dcsign of rcgulators wl~icli 

facilitalc fish passage 

3. Stocking of floodplain Ilabitals 

(including dcvclopmcnl of ncw 

Ilalchcry facilities) 

Rcsponsiblc 

Agcncy 

BWDB 

BWDB 

DAE 

DAE 

DLS 

BWDB, DOF 

Rclativc Costs 

Low 

Modcrate 

Modcratc 

Low 

Low 

Modcratc to 

H igl~ 

Scheduling 

Part of projcct 

dcvclopmcnt 

Part of projcct 

dcvclopmcnt 

and maintc- 

nancc 

Ongoing dc- 

vclopmcntal 

programs 

Following 

project dcvcl- 

op~ncnt 

Following 

projcct dcvcl- 

o pmcnl 

Ongoing as 

part of projcct 

operations and 

floodplain 

managcmcnt 

Rcsidual 

lmpacls 

Nonc if 

rcgulalors 

work cffcc- 

tivcly. 

Nonc if 

regulators 

work effcc- 

tivcly. many 

if  thcy do not 

Nonc 

Nonc 

Mitigation 

unlikcly to bc 

fully cffcc- 

tivc and 

rcsidual im- 

pacts lo 

fishcrics 

rcsourccs 

will occur 
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Table 8.2 (Cont.) 

Mitigation Responsible 

Agency 

Rclativc 

Costs 

Rcsidual 

Impacts 

Displaccmcnt of  

rffcctcd houscholds 

by embankrncnt 

conslruction 

-- 

I . Rclocation of affcctcd houscholds to 

arcas insidc cmbankmcnts 

2. Compcnsation of  displaccd houscholds 

3. Rcduction in requircd sclback range 

through improvcd cmbanklncnl dcsign 

and construc~ion 

- - 

BWDB, 

Upazila 

High Prcccding 

projcct 

dcvclop- 

lncnt 

None i f  a l l  

pcoplc can bc 

rclocalcd 

Higher flood risks 

for people within 

rctback rangc 

1. Rclocation of  affcctcd Iiouscholds to 

arcas bchind embanklncnts 

2. Flood-proofing musurcs for cxposcd 

sclllc mcnts 

BWDB, 

BRDB, 

Upazila 

High 
I 

Prcccding 

projcct 

dcvclop- 

mcnt 

Nonc i f  a l l  

pcoplc can be 

rclocatcd 

Highcr flood risks 

for pcoplc on N. 

sidc o f  Surma 

Enlballkmcnl of  Lubha out fall and N. 

sidc of Surlnalflood proofing 2 Unions of 

Knnaighat Ui~azila 

Early warning systcm via radio and 

public mcdia 

BWDB 

BWDB 

DOF 

DOH. 

Upazilns 

DEA 

Low 

Modcr- 

alc 

Modcr- 

11tc 

Potcntially 

vcry high 

High flood risks 

from extremc 

flooding evcnts 

Rcduccd nu~ritional 

input due to loss of  

floodplain fishcrics 

Following 

projcct 

complction 

I. Usc of  regulators to pcrlnit carly During and 

following 

projcct 

dcvclop- 

lncnt 

As abovc ' 

I 

Polcntially 

low i f  mitiga- 

tion mcasurcs 

fully cffcclivc 

scason floodwater inflows 

2. Floodplain stocking programs 

1. I~nprovcd Iicalth-care racilitics and 

progralns 

2. Improved sanitation, groundwatcr 

dcvclopmcnl and lishcrics rehabilitation 
programs as dcscribcd abovc 

3. Inkgrated pcst managcmcnt to rcducc 

usc or pes~icidcs 

lncruscd hcalth 

risks duc to in- 

crcascd use of  

agricultural chcmi- 

cals, reduccd nulri- 

tion. clc. 

Hcallh pro- 

grams likcly 

to bc C ~ ~ C C -  

live, fishcry 

rcsloralion 

probably not. 

Downslrcam hydro- 

logical and associ- 

atcd changcs 
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Irrigation and Groundwater Development 

1. Sustained use of ground water for irrigation 
2. Provision of groundwater for domestic purposes. 

Settlements and Households 

1. Relocation df - - -  households to areas inside embankments 
2. Flood-proofing measures for exposed settlements outside the embankments 
3. Early warning system via mass media and other media. 

8.2.2 Directorate of Health and Fanlily Affairs 

Health and sanitation programs 
Mosquito and vector habitat control programs. 

8.2.3 Depnll~nent of Agricultural Extensioll 

Registration and use of pesticides 
Integrated Pest Management 
Judicious use of fertilizers 
Increased use of organic manures 
Incorporation of fodder crops into cropping patterns 
Increased tree crop production by implementing agroforestry 
Increased supply of improved seeds, seedlings and saplings. 

8.2.4 Dep:llllnent of Fisheries 

Protection of key wetland habitats through conservation programs 
Maintenance and restoration of key habitats 
Stocking of floodplain habitats (including development of new hatchery facilities) 
Reduction in of fishing effort to reduce impact on young stocks 
Maintenance of sustainable floodplain fishery through floodwater inflows and stocking 
programs 
Revision of Jalmahal leasing system to ensure more equitable fish availability 
Establishment of reserve fishing areas 
Develop~nent of culture fishery programs for landless groups. 

8.2.5 Upazilas, Union Parishads and Local Governmelit Bodies 

Maintenance and restoration of key wetland habitats 
Improve~nents in tenancy regulations, property rights and credit delivery systems 
Income-generation programs 
Distribution of available Khas lands 
Improved sanitation, groundwater development and fisheries rehabilitation programs 
Tree plantation and caretaking along embankments (and raid wats) 
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g. Improved distribution of fast growing timber, fuel and fodder species. 

8.3 Compensation Programs 

No compen~ation*'~ programs were identified for implementation at the level of investigation 
undertaken for this EIA case study. Although mitigation was considered unlikely to overcome 
all the negative impacts identified for fisheries, wetland losses and increases in breaching risks, 
it  was considered equally unlikely that payment of compensation to be of any kind would have 
major beneficial effects in the long-term. Receipt of cash or goods for lost resources is only 
useful where the recipients have the opportunities of alternative developments through the use 
of the compensation provided. For the main losers in the Surma-Kushiyara project area, this 
would not be the case. Poor and landless classes would have no alternative if they were 
displaced and received cash compensation other than to remain in the project area. Thus a fully 
effective mitigation plan to resettle displaced households on Khas or other lands is essential. 
Equally, these people would have no alternatives to floodplain fisheries as viable long-term 
sources of nutrients and especially protein. A mitigation program to overcome fishery losses 
through efficient provision and operation of regulators and fishery stocking programs wliicli 
effectively replenish the diversity of floodplain fisheries are thus essential. Wetland habitats and 
the diversity of species which utilize them cannot be replaced artificially under practical arid 
economic conditions; protection of key habitats is thus an essential part of tlie mitigation 
program and is not amenable to compensation programs. 

* l o  Compensation in this case refers to the payment in cash or kind to groups andlor persons who suffer unavoidable 
negative impacts. 
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Chapter 9 

PROPOSED ENVIRONMENTAL MONITORING PROGRAM 

Chapter 9 outlines the initial recommendations on environmental monitoring. As with 
mitigation, monitoring will form part of the overall environmental management plan to be 
developed following project review, a decision on implementation, and development of detailed 
engineering design. The detailed environmental management plan, which will eventually be 
developed and costed for the specific selected developmental option in a separate report, will 
contain the proposed sampling programs, a list of the parameters to be measured, sampling strat- 
egies, locations and times of sampling, personnel and equipment requirements and estimated 
costs. 

9.1 Monitoring Requirements 

Environmental monitori~ig is an integral part of the assessment process, and has two ~nairi 
objectives for the Surma-Kushiyara Project. 

a. Monitoring of specific activities during the construction and implementation phases to: 

1. Measure the extent of expected or poorly quantified impacts; 
2. Ensure early detection of unexpected impacts; 
3. Determine the efficacy of implemented mitigation measures in reducing impacts; 

and 
4. Provide for periodic review and adjust~nent of the mitigation program. 

b. Monitoring of the actual impacts caused by the project to: 

1 .  Acquire knowledge of the type and magnitude of ongoing project environmental 
interactions; and 

2. Discover any unforeseen secondary benefits or adverse impacts 

9.2 Major Issues of Co~lcer~l 

9.2.1 Structural Integrity of Embankments 

In the Surma-Kushiyara Project area, full flood protection (Option 2) is designed to prevent 
damage to resources up to a magnitude of 20 years return period. Any natural catastrophe of 
greater magnitude may 'have serious consequences. Severe floods may cause serious damage in  
the protected area either by breaching or overtopping of embankments. Embankment failure 
would have a devastating effect on homesteads especially i n  the lower land types and would 
cause extensive damage to crops orchards, livestock and other household property including loss 
of culture fishery. 

Extent of rise of river beds and possible breaching points of embankments should, therefore, be 
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identified and monitored periodically. Breaching of embankments, either through erosion and 
or scouring or by public cuts, should also be monitored particularly during the most vulnerable 
periods to reduce unacceptable structural damage. Damage to the embankment from earthquakes 
or other natural calamities would need to be evaluated and necessary steps taken for the safety 
of the people without any delay. 

9.2.2 Flood Forecasting 

With option 3, timely forecasting of the impending floods will allow people time for preparations 
to make harvesting of crops, marketing of saleable products and stocking of food, fodder, fuel, 
water, seeds and protecting household assets. The rise in water level during flooding season 
should be continuously monitored and assessed to reduce unexpected flood damage. 

9.2.3 Drainage 

Planned excavation of the silted canals with people's participation will reduce the severity of 
flood damage as well as any local impacts of enlbankment breaching. The efficiency of public 
participation and consultation during construction, operation and maintenance phases should be 
monitored for effective long-term maintenance of the drainage system. 

The construction of full  flood control embankments may cause confinement of discharges in 
narrower channels resulting in change of hydraulic parameters of the channels thereby 
manifesting higher flood levels in the impact areas other than the project area. By means of 
hydrological analysis and hydraulic calculatioi~s, the effect of hydrological changes on the impact 
area as well as the project area should be monitored and assessed. 

9.2.4 Increased Use of Agricultul-al Chemicals 

With full flood protection, farmers are likely to undertake intensive cultivation with HYVs'using 
increased amount of fertilizers, pesticides and irrigated water. Integrated Pest Management 
(IPM) should be encouraged to reduce the use of pesticides. HYV cultivation is expected to 
increase by about 15 percent and the associated use of fertilizers and pesticides is expected to 
increase by 17 percent and 1 .O tonnes annually, respectively, throughout the project area. 

The impact of the use of such HYV inputs on the soil and water quality should be monitored and 
farmers should be motivated and or educated to use chemical fertilizers and pesticides in 
prescribed fashion so that contamination of ground and surface water can be minimized. The 
extent to which farmers are motivated to make judicious use of such inputs should also be 
monitored. 

9.2.5 Decliries in Soil Fertility 

Despite the prevalence of sedimentation of agricultural lands throilghout the region and the 
country, the role of such sedimentation in providing essential soil nutrients remains unclear. 
Sustainable soil management practices and the use of organic manures and fertilizers should be 
practiced as also the use of regulators to occasionally flush the area with fresh sediments. With 
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or without these measures there is a possibility that soil fertility will decline in the project area 
if sediments are excluded and cropping practices become more intensive. Periodic analysis of 
soils should be undertaken to check for the gradual development of any such deficiencies. 

9.2.6 Forest and Fuelwood Resources 

Afforestation programs using economic and fast growing multipurpose tree species will be 
needed for the alleviation of fuel wood crises, improvement of nutrition levels, development of 
soil fertility and protection of topsoil against erosion. Monitoring of the extent of this 
afforestation as well as the success or otherwise of plantation programs along embankments 
should be an integral part of ongoing environmental management in  the project area. 

9.2.7 Regulator Operations 

Change of fish habitat due to project intervention (Option 2) would cause reductions in fish 
harvest and fish species diversity. Fish ladders and or locks and sluice gates at appropriate 
locations should properly be designed and kept open for suggested periods allowing sufficient 
passage for fish migration and stock replenishment. The operation and maintenance ( 0  & h4) 
of the structures and water flow periods must be monitored and optimized accordingly. 

9.2.8 Capture and Cu1tu1.e Fishery Production 

Reduction in  passage for migratory fish by project interventions would decrease fish production 
and species diversity. Appropriate operation of regulators to permit passage of floodplain 
species as well as stocking of beels to replace natural incrementation have been recommended 
as mitigation measures. Neither of these has been particularly successful in past flood control 
projects in Bangladesh, and the success of any such operations i n  the project area would have 
to be measured by the maintenance of fishery production levels. The status of fish species 
diversity and catch per unit effort in various habitat'types should be assessed on a regular basis. 
The trend of culture fishery production should also be monitored and necessary measures be 
taken for increased production of culture fisheries through involvement of local people and 
improved extension services. 

9.2.9 Wildlife Habitats 

Given the importance of the project area as a natural habitat for many wildlife species, some of 
which are already endangered and threatened, protection of such habitat is an imperative for 
their preservation. Key habitats for most threatened and endangered species have been 
identified, and the status of these should constantly be monitored as well as the population status 
of the specific threatened and endangered species. 

9.2.10 Disease Vector Habitats 

Loss of flushing effect in Option 2 may increase vector populations such as mosquitoes. The 
functional relationship between vector habitats and regular flooding is not well established, and 
the extent of vector habitats as well as the density of potential vectors in the project area 
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following project implementation should be studied and monitored. 

9.2.11 Communities 

Families outside the project area but inside the impact area (i.e. on the other side of the 
embanked rivers and downstream) may suffer from severe floods damage and health hazards. 
Flood proofing measures and disaster preparedness education for the affected households should 
be planned, adopted and implemented and subsequently monitored to assess the post-flood 
situations outside the projept area. 

From the socio-economic point of view, generation of employment opportunities for the 
fishermen and boatmen households will be essential. Considering the geophysical, agroclimatic 
and socio-economic condition of the project area, appropriate income generating opportunities 
may be created planned, installed and monitored to minimize unemployment problem of the 
fishermen, boatmen, landless laborers and women. 

9.2.12 Compensation Payments 

Compensation payments should be made in full for the loss of homesteads and agricultural lands 
to the displaced families either in cash or in khas land, so that the resettlement process take less - 
time with least suffering for the affectees. The whole compensation and resettlement process 
should be supervised and legal and institutional processes that delay payment of compensation 
should be removed. 

9.3 Major Items for Monitorillg 

Table 9.1 summarizes the main items to be considered for post-developmental monitoring for 
the Surma-Kushiyara Project. 
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Table 9.1. Summary of Proposed Monitoring Mcasures Recommended for Surma-Kushiyara Project (Eithcr 
Developmental Option) 

Monitoring Largel 

Threatening floods 

Embankment struc- 
tural integrity 

Regulator cfficicncy 

Drainagc canals 

Objectives 

Rcduce losses by anticipating potentially 

embankrncnt failures due to breaching, 1 cmbankments I 

damaging floods 

Rcduce losses and damage from sudden 

earthquakes, etc. I I 

Methods 

Continuous monitoring of weather pat- 

-- - 

Ensure continual efficiency of regulators 
in maintaining dry season watcr levcls 

Responsible 
Agency 

BWDB 
terns in upper catchment and timely 
forecasting of floods 

Pcriodic and through inspcction of all 

Ensure cfficicncy of drainagc systcm in 

BWDB 

1. Dry scason monitoring of wctland DOF, upa- 
cover and habitat quality zilas 
2. Periodic inspcction of regulators 

1. Periodic inspcction of drainage I BWDB 

I1 Watcr quality 

11 I allcviating drainage congestion 
-- - 

Water quality 
domestic (surface and groundwatcr) 

I system and siltation lcvcls I I I 
1. Systcmatic and rcgular watcr quality BWDB, 
analyscs for major parameters (includ- DOE, DAE 

Groundwater 

11 Agricultural cmps / Attrincd agricultural production levcls 

Soils 

Capture fishcries Floodplain fishcry diversity and produc- 
tion 

wctlands 

Groundwater availability 

Soil nutricnt levcl and cfficicncy of 
fertilization. 

Annual sampling of soil quality for key I DAE 
nutrients 

Annual analysis of actual production 

Annual analysis of floodplain stocks 

ing pcsticidcs) 

Systematic and regular monitoring of 
groundwatcr levels 

and harvcsts 1 

BWDB 

Conscwation status of key wctland liabi- 
tats 

Annual ecological survcys of wctland 
quantity, quality, spccics diversity and 

Univcrsitics, 1 NGOs 

Communities 

1 communities I tors from local areas I I I 

Economic wcll-bcing of impactcd liousc- 
holds 

Communitics 

- 

Communitics Hcalth status of communities Analysis of routine health statistics 
from local and rcgional sources 

Discasc vcctors Discasc vcctor occurrcncc and cbun- Periodic survcy for vcctor habitat quali- NIPSOM 

ecological integrity 

Annual survey of rclocatcd and flood- 
proofcd Iiouscholds 

rclocatcd from embankcd areas 
outsidc embankments 

Economic wcll-bcing of project area 

lncrcasc in vcgctation covcr for tlic allc- 
viation of fuclwood crisis, improvcmcnt 

Flooding in Impact 
arca 

monitoring tlie pcrformancc of thc 
cxisting indigenous spccics and othcr 

Annual survey of key economic indica- Upazilas 

dance 

ldcntify change in flooding dcptli and 
rclatcd issucs 

ty and vector abundance 

Wct season monitoring of flood dcpth 
and its conscqucnccs in samplc arca 

BWDB 
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Chapter 10 

EVALUATION OF THE SURMA-KUSHIYARA EIA CASE STUDY 

The Surma-Kushiyara Project EIA case study was the first FCDII project to be assessed 
according to the FAP EIA Guidelines. This section provides an evaluation of the case study 
results to document major concerns and provide recommendations for their avoidance in future 
EIAs undertaken for actual FAP projects. 

As a case study, the Surma-Kushiyara Project was less than ideal: 

It was not given a full regional level prefeasibility assessment in which the major 
environmental and social issues would have been outlined; such issues had been 
outlined to some extent by the previous studies on the Upper Kushiyara Project, 
although these were relatively weak in  social impact assessment and' in  many 
environmental areas; 

The EIA was conducted without intensive interactions between design and 
planning engineers, on one hand, and the environmental and socioeconomic study 
team on the other; i n  a feasibility study this interaction is essential to develop an 
efficient and acceptable project design. 

These deficiencies were identified at the outset of the study, but were largely unavoidable since 
the FAP 16 case study was undertaken well in  advance of any substantial engineering feasibility 
studies in the area. 

Several issues of concern which arose during the EIA are briefly outlined below. 

10.1 Project Design 

a. The Northeast Regional Study Team (FAP 6) provided as many details as they could on 
two possible development scenarios (full flood pr tection embankments and submersible 
embankments), but these were based on reconnai 1 sance knowledge of the area with no 
detailed hydrological or site specific data. The lack of detail on project facilities rapidly 
proved a major impediment to effective assessment, and there was no feedback to project 
development as required in  the EIA Guidelines. In addition there was no participation 
by local people in  formulating the project designs or in  fully identifying and confirming 
the major water management problems -this is discussed further below. 

b. EIAs, as carried out in terms of the EIA Guidelines, differ from the procedures adapted 
in past project ieasibility studies i n  Bangladesh in  at least one important way, i.e. the 
sequencing and interaction of studies. Feasibility studies have traditionally been 
undertaken first by engineering groups, based on hydrological and engineering design 
criteria. Following identification and, in many cases, selection of the appropriate 
alternative, the agricultural and socio-economic assessments were then undertaken (Figure 
1 1.1). The EIA Guidelines make provision for a much more interactive process (Figure 
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11.2) which will necessitate some restructuring and adaptation on the part of existing 
concepts and institutions. As exemplified in Figure 11.2 the stronger the interactions 
between the design and assessment teams during the studies, the less need for any major 
feedbacks following conceptualization of the project. 

Design 
0 D, 3;::::;d":Ip;r 0 =:2"" 

Assessments 

Figure 11.1. Sequencing of project feasibility studies prior to the FAP. 

Problem Identification 
Range of Options 

I Engineering Studies and Designs 

1 Environmental Studies and ~ssersments ( 

( People's Participation Programs 1 

Concept 

Figure 11.2. Sequencing of project feasibility studies in the FAP. 

10.2 Field Studies 

a. The allowable tinle franle was far too short for the field studies to collect information of 
the quantity and quality necessary for a defensible EIA. Field studies extended for a 
number of weeks only for most components. Data quantity and quality from surveys 
aimed at villages and households (socio-economic, homestead vegetation and crops) were 
more affected by the limited available field time; agricultural, fisheries and terrestrial 
ecological surveys were based on reconnaissance-type field surveys which collected 
information from maps and direct observation as well as local people and were better 
able to obtain useful information within the allowable time frame. The case study 
confirmed three important aspects which should be recognized early in future EIAs 
within the FAP: 

Socio-economic and other data collectibn which relies on information obtained 
from people is time-consuming, and requires adequate pre-planning and 
development of field logistics; 
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Most data have to be collected at appropriate times within the annual hydrological 
and biological cycles, which in effect necessitates a full annual cycle of data 
collection (although not necessarily data collection at all times within that cycle - 
this depends on the results of 'the scoping); 

Landscapes in Bangladesh are very cor.npla at the scale at which planning and 
assessment have to be undertaken for water management projects; the low relief 
of the landscape, the intensity of land-use and land occupation, and the often 
conflicting water management aims of the local communities all make for com- 
plex drainage, flooding and cropping patterns which have to be quantitatively 
measured and mapped at appropriate scales in the assessment process. 

Available resource baseline maps for the area were found to be outdated, at inappropriate 
scales or not available. This is a general problem in many areas of Bangladesh. 
Effective EIAs require comprehensive' databases of sufficient spatial coverage and levels 
of detail. Under ideal circumstances EIAs should have to develop very little in the 
nature of baseline information but should devote most effort towards the use and interpre- 
tation of available data. This is presently not the case in Bangladesh, and is not likely 
to be so in the foreseeable future. The implication is that EIAs at both regional and 
project feasibiliiy level will have to develop basic data collection programs as part of the 
assessments, with significant consequential implications for time and budget require- 
ments. A further implication is that there is a need for the ongoing development of rapid 
field survey techniques to acquire reliable environmental data within relatively 
constrained time frames and field budgets. 

c. Secondary source data were unreliable or not available. This is a similar problem to (b) 
above, with similar implications. Secondary source data are a .valuable information 
resource but require verification and field checking before use in EIAs. 

10.3 People's ParZicipatio~~ 

People's participation was fully identified as a major objective prior to the study and is now well 
articulated in the EIA Guidelines. However, the severe scheduling constraints placed on the case 
study precluded the long lead times necessary to establish effective co~n~nunication links with 
the local communities. Participation was limited to that obtained during the PRA surveys to 
obtain socio-economic information. Based on the FAP 16 experience in the study area and on 
the growing expectations for increased public participation in the FAP, i t  is evident that well- 
developed people's participation programs will require long-tern1 planning and the establishnzent 
of appropriate institutional connectiolls several months in advance of any field studies. There 
was found to be a lack of uniform understanding of the approaches and required levels of detail 
for effective participation, as also a lack of an effective long-term institutional structure in the 
study area devoted to problem identification and resolution through project development. This 
was an unavoidable result of the cursory nature of the case study. Guidelines for participatory 
development have been formulated since this case study was undertaken, but it is clear from the 
study team's experiences that the various roles of the various institutions and local government 
agencies, as well as NGOs and other groups, remains to be developed to a practical level within 



Surma-Kushiyara EIA Case Study - June 1992 

the overall EIA framework. 

10.4 Impact Assessment 

a. It was found that there was insufficient information available on the hydrology of the 
study area for effective assessment of impacts related to hydrological changes. This 
problem stemmed from the lack of detailed hydrological studies in the area which are 
only now commencing under the Northeast Regional Study (FAP 6). It emphasizes the 
need for good baseline data in critical areas such as hydrology to ensure an'adequate 
level of prediction. 

b. Impacts could not always be quantified to the extent desirable in a full EIA. This 
problem stemmed from a number of causes: 

Insufficient time for adequate field studies 

Use of non-quantitative methodologies, especially in the social impact assessments 

Heavy reliance on secondary source data which were found to be unreliable. 

Although EIA is composed of various disciplines, and the studies and assessments require 
a good understanding of the many resources, the success of an EIA depends on more 
than the sum total of such discipline proficiency. EIA is a process of problem 
identification and scaling and prediction into the future, and requires considerable 
interactions between disciplines and between environmental and engineering components 
to be successful. Experience, not only in methods but also in using and defending the 
outputs of an EIA, is an invaluable asset. 

c. The underlying intention in the assessment of impacts had been to use nenvork analysis 
to identify cause and effect relationships between project actions and interventions on one 
hand and IECs. The end-points of the networks are the impacts, which were then trans- 
ferred to separate tables for display and inclusion in impact assessment and evaluations. 
In practice, all these steps were followed but largely independently of each other. The 
underlying cause appeared to be a lack of tight integration between individual disciplines. 
Practical steps to avoid this type of occurrence in future studies would include the need 
to have more frequent use of workshops to develop and integrate information, and 
adequate training of team members to understand the advantage and disadvantages of 
various assessment methodologies such as networks. 

d. Of-site and cu~nulative impacts were not adequately considered in  the assessment. It was 
recognized early in the study that detailed information on the hydrology of the system 
was required before the extent of downstream impacts could be assessed. This informa- 
tion was largely lacking, although the assessment included the statement that impacts 
would unlikely extend beyond Hakaluki Haor because of the large, volume of the latter. 
It was also recognized that an assessment of cumulative impacts would require a level 
of detail of information not realistically available within the constraints of the case study. 
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Offsite impacts were not limited to downstream effects, however. It became evident, 
when considering the hydrological implications, that there were potential major differen- 
ces in impacts on either side of the Surma and Kushiyara rivers because of differences 
in embankment heights, locations of villages and other factors. 
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